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Section 1  

Introduction 

CDM Smith Inc. (CDM Smith) has been retained by the city of Wichita (City), to perform the 
Groundwater Unit (GWU) 1/GWU5 monitored natural attenuation (MNA) Study required in the 
Kansas Department of Health and Environment’s (KDHE’s) Corrective Action Decision1 (CAD) for the 
North Industrial Corridor (NIC) site in Wichita, Kansas.  A key purpose of the MNA Study is to further 
assess MNA in the northeast part of NIC site, namely the Coleman Northeast/Unocal downgradient 
plume area north of the former Coastal Derby Refinery (located in GWU5).  The CAD1 required a 
rigorous MNA assessment consistent with KDHE and EPA guidance.  The MNA assessment is to be 
incorporated into the remedial design phase for GWU1.  An overview of GWUs 1 and 5 is provided in 
Section 1.3. 

1.1 Objectives 
MNA evaluation was previously conducted for the NIC site during the Remedial Investigation / 
Feasibility Study (RI/FS)2,3 and baseline risk assessment activities.  As a result, MNA was selected as 
the preferred remedial alternative for GWU1 although the KDHE specified in the CAD that further 

MNA evaluation is needed to support this selection. 

The general purpose for the MNA Study described within this document is to further assess MNA 
processes within GWU1 and collect empirical data to determine whether implementation of the 
contingency alternative (extraction well installation) will be necessary.  Results from the City’s NIC 
site-wide RI/FS activities indicate that some natural attenuation of chlorinated solvents in 
groundwater is occurring via anaerobic degradation mechanisms in areas of GWU1 also impacted by 
petroleum hydrocarbons.  Results from the study will be used to determine if MNA is appropriate for 
continued evaluation as the recommended remedial alternative for GWU1; i.e., if MNA can be effective 
for reducing contaminant concentrations in GWU1 within a reasonable time frame.  The objective of 

the MNA Study is to: 

���� Collect data that will facilitate the evaluation of the MNA processes in GWU1 of the NIC site. 

1.2 Site Description 
The NIC site is located in the north-central portion of the city of Wichita, Sedgwick County, Kansas and 
was established in 1995 to combine and focus the efforts of three separate environmental 
investigations.  The NIC site consists of over 4,000 acres of urban industrial, commercial, recreational, 
residential, and agricultural property.  The site history is briefly discussed in Section 1.3 of this 

document. 

                                                                    

1 KDHE. 2012. Final – Corrective Action Decision for Interim Groundwater Remediation – North Industrial 
Corridor Site – Wichita, Kansas. March 29. 

2 CDM. 2007a. North Industrial Corridor (NIC) Site Remedial Investigation Addendum. February.  CDM. 
2007b. North Industrial Corridor (NIC) Site Remedial Investigation Report. February. 

3 CDM Smith. 2011. Site-wide Groundwater Feasibility Study, North Industrial Corridor Site. June. 
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1.2.1 Site Boundary 

Figure 1-1 depicts the current site boundary.  The original NIC site boundary was established by the 
KDHE in the Settlement Agreement4 signed in November 1995.  The site boundary has subsequently 
been changed to include additional areas, maintain consistency with City limits, and eliminate overlap 
with the nearby Gilbert & Mosley site.  Additional boundary changes have been proposed, as shown on 

Figure 1-1. 

1.3 Site History and Environmental Investigations 
This section provides a summary of the history of the NIC site and previous investigations.  A 
summary of the historical MNA assessment is provided in Section 1.3.1.  A detailed site history was 

provided in the NIC Site-wide Groundwater FS3 and is not repeated herein. 

The presence of volatile organic compounds (VOCs) in groundwater was first observed during a 1983 
investigation by the U.S. Environmental Protection Agency (EPA).  Subsequent investigations 
identified three areas of concern which were eventually combined to form the NIC site.  The three 
areas were identified as the 29th and Mead site, the 13th and Washington site, and the Northeast 
Investigation Area.  The sites were combined in 1995 when the City signed the Settlement Agreement4 
with the KDHE in order to delist the 29th and Mead site from the Superfund Program’s National 
Priorities List and to coordinate the investigation of all three subareas in a manner that was protective 
of the public’s health, the environment, and the City’s financial health.  The NIC site-wide RI/FS 

program was conducted within the NIC site between 1997 and 2011. 

The NIC RI activities were conducted between 1997 and 2004 and were approved by the KDHE in 
20072.  The NIC RI delineated the nature and extent of a number of chlorinated solvents present in 

groundwater throughout the site.  The primary site-wide chemicals of concern (COCs) are: 

���� Tetrachloroethene (PCE); 

���� Trichloroethene (TCE); 

���� Cis-1,2-dichloroethene (C12DCE); 

���� Vinyl chloride (VC); 

���� 1,1,1-Trichloroethane (111TCA); 

���� 1,1-Dichloroethane (11DCA); 

���� 1,1-Dichloroethene (11DCE); 

���� Carbon Tetrachloride (CT); 

���� Chloroform (CFM); and 

���� Benzene (BEN). 

Additional chemicals are present in localized areas within the NIC site but will generally be addressed 
during either source area or site-wide remedial actions.  Following the City’s RI activities, the NIC FS 
was developed to address the site-wide groundwater issues.  The NIC FS focused on alternatives that 

                                                                    

4 KDHE. 1995. Settlement Agreement for Remedial Investigation and Feasibility Study for Certain Remedial 
Actions to be Determined Following Opportunity for Public Involvement. November 14. 
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generally addressed the COCs listed above.  The most prevalent COC within the NIC site is TCE and its 

degradation product C12DCE. 

During the FS process, the site was divided into six separate GWUs in order to focus and streamline 
the evaluation of remedial alternatives for groundwater within the NIC site.  The GWUs were based 
upon area hydrogeology, RI findings, and administrative considerations.  The GWU units are shown on 
Figure 1-2.  Descriptions of the GWU units as provided below are excerpted from the NIC FS3.  GWUs 
2, 3, and 4 are not discussed herein because they will not be impacted by the investigation activities 

described in this document. 

Groundwater Unit 1 

The boundaries of GWU1 are commonly defined by the outermost general maximum contaminant 
level (MCL) boundary of the northeast lobe of the groundwater plume, terminating at the northern 
boundary of the former Coastal-Derby Refinery property just south of the projection of 25th Street.  
The general MCL boundary for GWU1 is a compilation of the maximum lateral extent of contamination 

for all COCs observed in the northeast portion of the NIC site during the City’s RI/FS. 

Groundwater Unit 5 

GWU5 consists of the former Coastal Derby Refinery property located south of 25th Street and north of 
17th Street generally east of Washington.  This GWU is designed to address the significant petroleum 
hydrocarbon-related contamination of the soils and groundwater associated with former refinery 
operations.  Because GWU5 was created to address a petroleum source area, which is managed under 
a separate responsible party, the VOC contamination in GWUs 1 and 5 is herein collectively referred to 

as GWU1.  This is consistent with references in the FS. 

Groundwater Unit 6 

GWU6 is north of GWU1 and consists of the Unified School District (USD) #259 confirmed source area, 
associated USD monitoring wells, and a portion of the NIC site downgradient of the USD #259 
chlorinated solvents plume.  GWU6 was developed because the USD #259 source area appears to be 
significantly distinctive from other nearby source areas.  The groundwater target compounds within 

GWU6 are primarily petroleum hydrocarbons, PCE, and TCE. 

1.3.1 Summary of Historical Monitored Natural Attenuation Assessment 

Due to the size of the site and number of source areas present, the conceptual site model, contaminant 
source areas and migration pathways, site hydrogeology, and source control measures are not 
discussed in this document.  The reader is referred to the NIC Site-wide RI, RI Addendum, and FS 

reports (referenced above) for more information regarding these site properties. 

Section 2.3.2 of the FS report3 provided a detailed summary of the site-wide MNA sampling completed 
at the time the report was submitted, including a discussion of MNA parameter results and 
conclusions regarding those results.  In general, the RI MNA locations were selected to provide both 
localized and site-wide assessment of the potential for MNA within both the shallow and deep 
portions of the alluvial aquifer within the NIC site.  The selected 2007-2008 MNA locations were 
intended to be duplicates of MNA sampling locations from the original 2001 RI sampling locations to 
provide a comparison between May 2001 (RI) and December 2007/April 2008 (FS); however, 
adjustments were made to the final 2007-2008 list as follows.  Only one monitoring well within GWU1 
proper, WND-14D, was sampled for MNA analyses during the RI.  Within GWU5, monitoring wells 
DRB-MW-250, DRB-MW-20, NMW-44D, and NMW-45D were also sampled during the RI for MNA 
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analyses.  These locations were also sampled during the FS except DRB-MW-20 was not sampled.  
Additional monitoring wells in GWUs 1 and 5 sampled for MNA analyses during the FS included: WND-

14S, WND-32S&WNC-32D, and temporary wells DRB-MW-11 and NMW-46D. 

Table 2-5 of the FS provided a summary of site-wide MNA field parameters; Table 2-6 contained 
results for metals and inorganic parameters; and a summary specific to chlorinated groundwater 
target compounds and methane, ethane, ethene results was provided as Table 2-7.  MNA scores were 
shown in Table 2-10 of the FS.  Copies of these tables are provided in Appendix A for reference, along 
with maps showing MNA sampling locations and scores, TCE results and concentration contours, and 

January 2008 water levels. 

The MNA work completed in the RI/FS was based on the protocols for evaluating MNA of chlorinated 
solvents published about 16 years ago5.  These protocols presumed that the only meaningful 
mechanism for degradation of chlorinated solvents in groundwater was anaerobic reductive 
dechlorination.  That paradigm has changed significantly in the last 10 years with the publication of 
several studies documenting that both an aerobic cometabolism mechanism and a biogeochemical 
reduction mechanism can be quite meaningful in the context of the remediation of large, dilute 
plumes.  A list of select documents is provided in the footer6,7,8,9,10,11,12,13,14.  The newer mechanisms 
will be further discussed in Section 2.  Meanwhile, this section summarizes the results of the RI/FS 

work under the original anaerobic reductive dechlorination protocols. 

Section 2.3.3 of the FS report3 discussed MNA conclusions for the site based on biological processes 
because they are major destructive processes.  As discussed in the FS, to achieve complete 
dechlorination of PCE and TCE, the chlorinated ethenes must act as the preferred electron acceptors 
for microorganisms in the subsurface.  The use of electron acceptors is generally governed by the 
available free energy from redox reactions.  In order of decreasing energy available, some common, 

                                                                    

5 EPA. 1998. Technical Protocol of Evaluating Natural Attenuation of Chlorinated Solvents in Ground Water. EPA 

600/R-98/128. September. 
6 EPA. 2008. A Guide for Assessing Biodegradation and Source Identification of Organic Ground Water 

Contaminants using Compound Specific Isotope Analysis (CSIA). EPA 600/R-08/148. December. 
7 EPA. 2009. Identification and Characterization Methods for Reactive Minerals Responsible for Natural 

Attenuation of Chlorinated Organic Compounds in Ground Water. EPA 600/R-09/115. December. 
8 ESTCP. 2008. Workshop on In Situ Biogeochemical Transformation of Chlorinated Solvents. February. 
9 Ferrey, M. L., R. T. Wilkin, R. G. Ford, and J. T. Wilson. 2004. Nonbiological Removal of cis-Dichloroethylene and 

1,1-Dichloroethylene in Aquifer Sediment Containing Magnetite. Environmental Science &Technology. 

38(6):1746-1752. 
10 Koelsch, M., R. C. Starr, and K. S. Sorenson, Jr. 2005 Assessing Aerobic Natural Attenuation of Trichloroethene 

at Four DOE Sites. Proceedings of the Waste Management 2005 Conference, Tucson, AZ. 
11 Lee, W. and B. Batchelor. 2002. Abiotic Reductive Dechlorination of Chlorinated Ethylenes by Iron-Bearing Soil 

Minerals. 1. Pyrite and magnetite. Environmental Science and Technology. 36(23): 5147-5154. 
12 Lee, M. H., S. C. Clingenpeel, O. P. Leiser, R. A. Wymore, K. S. Sorenson, Jr., and M. E. Watwood. 2008. Activity-

Dependent Labeling of Oxygenase Enzymes in a Trichloroethene-Contaminated Groundwater Site. 

Environmental Pollution. 153(1):238-246. 
13 Sorenson, K. S., Jr., L. N. Peterson, R. E. Hinchee, and R. L. Ely. 2000. An Evaluation of Aerobic Trichloroethene 

Attenuation Using First-Order Rate Estimation. Bioremediation Journal, 4(4):337-357. 
14 Wymore, R. A., M. H. Lee, W. K. Keener, A. R. Miller, F. S. Colwell, M. E. Watwood, and K. S. Sorenson, Jr. 2007. 

Field Evidence for Intrinsic Aerobic Chlorinated Ethene Cometabolism by Methanotrophs Expressing Soluble 

Methane Monooxygenase. Bioremediation Journal. 11(3):125-139. 



Section 1 •  Introduction 

 

  1-5 
NIC MNA Study work plan.docx 

naturally occurring electron acceptors are oxygen, nitrate, ferric iron, sulfate, and carbon dioxide.  At a 
minimum, oxygen and nitrate must be depleted for any reductive dechlorination to occur.  The more 
reliable indicator of redox conditions is the aqueous concentrations of inorganic electron acceptors 
and their reduced products.  Redox conditions typically progress from aerobic � nitrate-reducing � 
iron-reducing � sulfate-reducing � methanogenic. 

The data indicate that the highly oxidized species PCE and TCE are more readily reduced under 
anaerobic and nitrate-reducing conditions than C12DCE and VC, which are in lower oxidation states.  
The biodegradation of C12DCE and VC appears limited by a lack of available carbon and C12DCE and 
VC must compete with alternate electron acceptors (ferric iron [Fe3+] and sulfate [SO42-]), which may 
not be thermodynamically preferable but are present at much greater concentrations.  Additional 
electron donors (in the form of petroleum hydrocarbons) are present but, at the time of the FS, were 
not at sufficient concentrations to drive the aquifer’s redox conditions to levels where degradation can 
proceed past C12DCE. 

Areas with low sulfate concentrations have generally corresponded to areas with fuel related 
compounds. Figures 2-13a and 2-13b of the FS3 showed areas with petroleum hydrocarbons present 
in 2001 and 2007-2008, respectively.  Petroleum areas were shown in GWU5 but not within GWU1 
proper.  Sulfate concentrations in 2001 and 2007-2008 were shown as Figures 2-14a and 2-14b, 
respectively.  It was noted in the FS that leaking underground storage tank sites typically have a 
localized extent and tend to only influence the upper portion of the aquifer.  As such, while their 
carbon contribution can be locally significant, they tend to have a limited impact with respect to the 
entire site.  Copies of Figures 2-13a through 2-14b are provided in Appendix A for reference. 

Methanogenic conditions are typically necessary for complete dechlorination to ethene (carbon 
dioxide is the only remaining naturally occurring electron acceptor).  According to the Technical 
Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater5, a methane 
concentration greater than 0.5 mg/L represents conditions conducive for degradation of C12DCE.  The 
locations at the NIC site that have methanogenic conditions have generally corresponded to the 
locations with low sulfate concentrations confirming that sulfate concentrations must be depleted 
before methanogenic conditions can exist.  Figures 2-15a and 2-15b in the FS3 showed the distribution 
of methane in the aquifer during the 2001 and 2007-2008 sampling events, respectively.  Copies of 
these figures are provided in Appendix A for reference.  The fermentation of methane from carbon 
dioxide (methanogenesis) is less favorable thermodynamically than the dechlorination of C12DCE and 
VC; therefore, methanogenic conditions in the aquifer will result in the most complete dechlorination 

of PCE and TCE. 

Areas with Favorable Conditions for MNA 

During preparation of the FS, the areas with favorable conditions for MNA of chlorinated solvents 
were determined based on a screening process where a MNA score was calculated for each well 
according to the Technical Protocol for Evaluating Natural Attenuation of Chlorinated Solvents in 
Groundwater5.  The MNA score is used as a preliminary screening tool to determine if biodegradation 

is occurring and is interpreted as follow: 

���� MNA score 0 - 5 indicates inadequate evidence; 
���� MNA score 6 - 14 indicates limited evidence; 
���� MNA score 15 - 20 indicates adequate evidence; and 

���� MNA score >20 indicates strong evidence. 
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The MNA scoring results were presented in Table 2-10 of the FS3.  Figure 2-11 in the FS showed scores 
for 2001 and Figure 2-12 showed scores for the 2007-2008 sampling event.  Copies of the table and 
figures are provided in Appendix A for reference.  Within GWU1 proper, MNA scores ranged from 0 to 
6 indicating inadequate evidence of biodegradation.  The FS states that the insufficient carbon supply 
may be only one limiting factor for not achieving complete reductive dechlorination.  The low levels of 
VC, ethene, and ethane suggest that the indigenous bacteria may have limited capability to perform 

complete anaerobic reductive dechlorination. 

1.3.2 GWU1 Remedial Design 

The MNA potential determined for each GWU at the NIC site during the RI/FS activities was highest in 
the area downgradient of the GWU1 boundary but within the downgradient extent of the chlorinated 
solvent plume emanating from GWU1.  This is due in part to carbon source contaminants from 

refinery operations within GWU5. 

For GWU1, the preferred remedy described in the CAD1 allows the groundwater contaminant plume to 
naturally attenuate through the biodegradation, dispersion, dilution, and adsorption processes of the 
contaminants in groundwater.  With respect to the chlorinated solvent plume, the remedial design 
system for GWU1 geographically consists of GWU1 plus GWU5.  For the preferred GWU1 remedial 
design/remedial action, the VOC concentrations and natural attenuation processes occurring in GWU1 
and GWU5 will be monitored during an intensive MNA assessment program as described in Section 2 

of this document. 

The purpose of the upcoming MNA assessment is to demonstrate decreasing trends in VOC 
contamination within GWU1 over time.  This can be done by understanding the degradation 
mechanisms active in the area and using this understanding to predict trends in removal of the 
groundwater contaminants.  The understanding and trend analyses will also be used to define a time 
frame for MNA to reduce concentrations of the contaminants of concern in NIC site-wide groundwater 
to below KDHE Tier 2 action limits.  MNA performance criteria will consist of: 

���� Ongoing reducing, anaerobic groundwater conditions; 

���� Decreasing overall trends in COC concentrations, recognizing that degradation of parent 

compounds can result in temporary spikes in daughter compound concentrations; and 

���� Observed degradation of daughter products C12DCE to VC and the subsequent degradation of 

VC to ethene and ethane. 

If the degradation process appears to be stalling at C12DCE, the microbial environment of the aquifer 
may be further evaluated although this evaluation will not be necessary if residual PCE, TCE, and 
C12DCE concentrations are all below MCLs.  Should the upcoming MNA assessment determine that 
MNA is not adequately addressing the chlorinated solvent groundwater contamination within GWU1, 
a vertical groundwater extraction well is to be installed within the VOC plume along 29th Street (as 
discussed in the NIC FS3 and CAD1).  If MNA is deemed feasible long-term, the final GWU1 long-term 

MNA monitoring area will be defined after completion of the MNA assessment (Section 2.2). 

1.3.3 Summary of Monitored Natural Attenuation Results from Pre-Design 
Data Acquisition Sampling in 2014 

In 2014, the City contracted SCS Aquaterra to prepare the remedial design for the NIC site; SCS 
Aquaterra also conducted the pre-design data acquisition (PDA) activities to support preparation of 
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the design.  The PDA activities included sampling of select monitoring wells for VOCs and MNA 
parameters and collecting direct-push groundwater samples from select locations throughout the site.  
Following the PDA activities, SCS Aquaterra provided sampling data to the City and the City then 
transmitted select GWU1/5 data to CDM Smith to aid in preparation of this MNA Study work plan.  The 
following discussion summarizes some MNA-related information from the PDA investigation but is not 

intended to be all inclusive or in any way replace SCS Aquaterra PDA documents. 

As stated earlier, a key purpose of the MNA Study is to further assess MNA in the northeast part of NIC 
site, namely the Coleman Northeast/Unocal downgradient plume area north of the former Coastal 
Derby Refinery (located in GWU5).  Based on the information provided by the City, GWU1/5 locations 
sampled by SCS Aquaterra for analysis of MNA parameters are shown in Table 1-1; this table also 

shows RI/FS MNA sample locations for comparison. 

Table 1-1 GWU1/5 MNA Sample Locations, Historical and 2014 PDA Investigation 

RI (2001) FS (2007-2008) PDA (2014) Location Notes 

  CNE-NE-01S&D 
Located approx. 350 west of the Coleman Northeast 

property, between the property and I-135 

  CNE-NE-05S&D 
Located approx. 780 feet to the southwest and 

downgradient of the Coleman Northeast property 

  CNE-09S&D 
Located approx. 2,790 feet to the southwest and 

downgradient of the Coleman Northeast property 

WND-14D 
WND-14D & 

WND-14S 

WND-14D & 

WND-14S 

Located downgradient of Coleman Northeast and just north 

of the north end of the Farmland Elevator 

  GWU1-GP6 (32-36') 

Probe point was offset of NMW-03S because the deep well 

was unusable. NMW-03S, the SK wells, WND-32S, and WNC-

32DR are located within the Farmland Elevator/Union Pacific 

Railroad/ Safety Kleen area near the southern end of GWU1, 

just north of the GWU1/5 boundary 

  NMW-03S 

  SK-MW-02S&D 

  SK-MW-03S&D 

  SK-MW-04S&D 

  SK-MW-08S&D 

 
WND-32S & 

WNC-32D 

WND-32S & 

WNC-32DR 

DRB-MW-250 

& NMW-44D 

DRB-MW-250 & 

NMW-44D 

DRB-MW-250 & 

NMW-44D 
Located within the northeastern part of GWU5 

DRB-MW-20 

& NMW-45D 
NMW-45D  Located near the center of GWU5 

 
TW-DRB-MW-11 & 

TW-NMW-46D 
 Located in the southern half of GWU5 

 

The following summarizes the 2014 PDA MNA results for the samples listed in Table 1-1: 

���� Alkalinity was less than 20 mg/L for all locations. 

���� Carbon dioxide concentrations ranged from 270 to 439 mg/L, with an average of 353 mg/L. 

���� Ethene was not detected in any of the samples (less than 6.2 µg/L).  Ethane was non-detect (less 
than 6.2 µg/L) in all but one sample.  Ethane was detected at 5J in GWU1-GP6-32-36’. 

���� Dissolved organic carbon (DOC) ranged from 0.91J to 4.8 mg/L, with an average of 2 mg/L. 

���� Nitrite was non-detect (generally less than 0.1 mg/L) in all but one sample (0.018J in GWU1-
GP6-32-36’.  Nitrate was detected in most of the samples.  The nitrate plus nitrite 
concentrations ranged from 0.02J to 6.8 mg/L, with an average of 2 mg/L. 
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���� Sulfate concentrations ranged from 26.4 to 438 mg/L, with an average of 141 mg/L. 

���� Sulfide was non-detect (less than 0.05 mg/L) in all but one sample (0.04J in CNE-NE-05S). 

���� Methane was non-detect (less than 6.6 µg/L) at 6 locations.  Methane concentrations in the 
remaining samples (14 in GWU1, 2 in GWU5) ranged from 3.7 to 315 µg/L, with an average of 
72 µg/L. 

���� Chloride concentrations ranged from 9.9 to 129 mg/L, with an average of 62 mg/L. 

1.4 Work Plan Organization 
This remainder of this document is organized as follows: 

���� Section 2 describes the field activities. 

���� Section 3 summarizes the general schedule and deliverables. 

���� Appendix A provides select tables and figures excerpted from the NIC Site-wide FS. 

���� Appendix B provides the Field Sampling Plan (FSP). 

���� Appendix C provides the Quality Assurance Project Plan (QAPP). 

���� Appendix D provides a Health and Safety Plan (HASP). 
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Section 2  

Investigation Activities 

The KDHE’s CAD1 requires that a MNA study be conducted in GWU1 to determine if MNA is adequately 
addressing the chlorinated solvent groundwater contamination within the GWU.  As mentioned in 
Section 1.3.1, the MNA Study envisioned in the NIC CAD is based to a large extent on the protocols for 
evaluating MNA of chlorinated solvents published about 16 years ago.  At that time, the original 
paradigm for the only meaningful mechanism for degradation of chlorinated solvents in groundwater 
was considered to be anaerobic reductive dechlorination.  The focus of the EPA’s Technical Protocol5 
was on biological reductive dechlorination assessment because that was the mechanism best 
understood at the time; however, the protocol does acknowledge that other degradation mechanisms 
are possible. 

The reductive dechlorination paradigm has changed significantly in the last 10 years with the 
publication of several studies documenting that both aerobic cometabolism and biogeochemical 
reduction mechanisms can also be meaningful in remediation of large, dilute plumes6,7,8,9,10,11,12,13,14.  
Both of these mechanisms are now being recognized by the EPA as contributors to MNA at many sites, 
so much so that the EPA is in the process of revising the MNA protocol for chlorinated solvents to 
incorporate the newer mechanisms.  While not currently accounted for in the KDHE’s guidance (KDHE 
Policy #BER-RS-042), the additional MNA processes are viable, industry-recognized mechanisms and 
CDM Smith proposes to assess these mechanisms during the MNA Study.  The additional MNA 
processes and investigation activities for the proposed MNA Study are described briefly below.  
Investigation and sample collection methodologies and quality assurance and quality control (QA/QC) 
procedures for these activities are discussed in the FSP in Appendix B.  Samples will be collected at 
designated intervals from all selected monitoring points and analyzed for COCs and degradation 
parameters.  At this time, CDM Smith anticipates using existing wells and direct-push technology 
(DPT) samples at select locations; installation of permanent wells is not expected under this program. 

2.1 Monitored Natural Attenuation Study 
Based on RI/FS results, anaerobic reductive declorination does not appear to be occurring in the 
northern half of the GWU1 plume; however, the MNA Study proposed in this work plan is designed to 
assess whether other MNA mechanisms may be active within the area and at a rate which would 
preclude the necessity of installing one or more groundwater extraction wells in the central portion of 
the GWU1 unit.  In order to assess MNA at the NIC site, it is crucial to understand that the common 
occurrence of intrinsic degradation of chlorinated solvents in aerobic groundwater plumes is now 
becoming widely accepted in the technical community.  The mechanisms responsible for this are slow 
relative to the well documented anaerobic degradation, and they do not produce easily measured 
degradation products.  Both of these factors previously contributed to the lack of recognition of the 

potential significance of aerobic degradation for a number of years. 

One aerobic degradation mechanism is known as aerobic cometabolism.  This process occurs when 
naturally occurring bacteria produce enzymes to carry out normal metabolic activity involving some 
substrate other than the COC (e.g., methane, butane, propane, phenol, etc.), but that enzyme 
fortuitously degrades the COC, such as PCE or TCE.  This enzymatic degradation is a viable MNA 

mechanism in the field, and activity-dependent enzyme probes can be used to measure the activity. 
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Another mechanism is biogeochemical reduction of chlorinated solvents by naturally occurring, iron-
containing minerals in the soil.  Many soils contain iron in the form of minerals such as magnetite and 
it is becoming widely understood that iron in these minerals is regularly involved in electron transfer 
processes that reduce chlorinated solvents in groundwater.  Dr. John Wilson of the EPA’s Office of 
Research and Development (Ada, OK) is one of the leaders in this field, and he has developed a simple 
screening method for magnetite in soils7.  Magnetite is the most abundant mineral in natural 
sediments that exhibits magnetic behavior.  Magnetic susceptibility of magnetite can provide a useful 
estimate of the quantity of magnetite in aquifer sediment.  Magnetism is an expression of the magnetic 
moments associated with the spin of unpaired electrons that are involved in chemical bonds.  In 
magnetite the moments are highly aligned, but exist in two sets of opposing but unequal forces 
constrained by the crystal lattice of the mineral.  As a result, when an external magnetic field is 
imposed on a sample of magnetite, the magnetic moments will align with the imposed field and add to 
the total magnetic field.  The extent to which an imposed magnetic field is strengthened by the sample 
is termed the magnetization of the sample.  The volume magnetic susceptibility of the sample is the 
ratio of the magnetization of the sample (the magnetic dipole moment per unit volume) measured in 
amperes per meter divided by the magnetic field strength, measured in amperes per meter.  Volume 
magnetic susceptibility is dimensionless; however, the actual value for volume magnetic susceptibility 
depends on how the magnetic permeability of free space is defined in the system of measurement.  
Two separate systems of measurement are in common use, the CGS system (centimeter gram second) 
with values reported as emu or e.m.u. for electromagnetic unit, and the International System of Units 
(abbreviated SI from the French Le Système International d’Unités) based on the meter, kilogram, and 

second. 

The range of half-lives commonly observed by the aerobic cometabolism and biogeochemical 
reduction mechanisms is from about 1 to 10 years.  While this might be slow for a high concentration 
source area at a chlorinated solvents site, it can be very significant for long-term cleanup of a large, 

dilute plume. 

Aerobic cometabolism and biogeochemical reduction have yet to be documented at the NIC site 
because these study mechanisms were not available or used at the time the RI and FS were completed.  
However, historical groundwater monitoring data makes it possible to perform a preliminary 
evaluation of whether degradation might be occurring at rates consistent with those published for the 
mechanisms of interest.  CDM Smith has therefore analyzed TCE and C12DCE trends for GWU1 using 
RI/FS data.  Results from this preliminary analysis indicate that in selected shallow groundwater 
monitoring wells, an average TCE half-life of about 4 years was apparent.  When data from deep 
monitoring wells were analyzed, it was determined that a TCE half-life of about 9 years was apparent.  
These half-lives are exactly in the range of those published for the aerobic degradation mechanisms 

discussed, suggesting they are occurring in some areas of the NIC site. 

In addition to aerobic cometabolism and biogeochemical reduction, compound-specific isotopic 
analysis (CSIA) utilizes naturally-occurring isotope fractions of elements present within organic 
compounds to determine 1) if compounds come from the same source, 2) the mechanism of 
degradation and the 3) rate at which daughter products have been produced.  Specifically, CSIA can 
utilize the percentages of carbon (and in some cases hydrogen, and chlorine) isotopes present in 
contaminants to determine whether daughter products have been formed by biodegradation 
processes.  When chemicals are degraded, the processes responsible for the degradation produce 
different isotopic ratios in the resulting products because the degradation processes break bonds 
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associated with 12C atoms preferentially, leading to “enrichment” of the heavier 13C isotope in the 

parent compound and the lighter 12C isotope in the degradation byproduct [“fractionation”]. 

Carbon isotope fractionation occurs to different extents for different biological and abiotic 
degradation mechanisms.  During bioremediation, microorganisms preferentially utilize molecules 
with 12C as opposed to 13C, which causes the ratio of 13C/12C to increase, or become “heavy”.  In 
addition, the degradation daughter product (i.e., C12DCE) is initially predominantly 12C and therefore, 
the 13C/12C is a relatively low value, or “light”.  As the parent compound becomes depleted, however, 
microorganisms begin using 13C, and the daughter product becomes heavier.  Once the isotopic 
signature of the daughter product approaches that of the parent compound, completed degradation 
(or mass balance) is deduced.  Therefore, by comparing the isotopic signature of the parent compound 
to the degradation byproducts, changes in concentrations can be attributed to physical or degradative 
processes and the dominant biodegradation mechanism can be determined.  The shifts in isotope 
ratios occur independent of contaminant concentrations; therefore, one significant advantage of CSIA 
is that it can often discern biodegradation mechanisms and rates independent of evaluating 

contaminant concentrations. 

The upcoming MNA Study will be conducted by sampling select existing monitoring wells and 
collecting soil and groundwater samples from select DPT locations.  If needed, temporary wells may be 
installed to collect samples.  A description of field techniques to be employed during sampling is 
provided in Appendix B.  All samples will be sent to appropriate offsite laboratories for analysis.  The 

QAPPs for the offsite laboratories are provided in Appendix C. 

2.1.1 General Program 

CDM Smith will perform two field events as described below.  Procedures for these activities are 

discussed in the FSP in Appendix B 

� Event 1 will consist of a single, comprehensive groundwater and soil sampling round conducted 
within GWU1 to document the occurrence of MNA mechanisms.  This event will occur at least 
six months, preferably one year, after completion of the NIC site-wide PDA sampling to assist in 

trend evaluation.  The first MNA event consists of the following: 

- Collect surface water samples from four locations for analysis of VOCs by Method 8260B; 
these samples will be used to help assess potential impacts from groundwater to surface 
water. 

- Collect groundwater samples from 22 monitoring well and DPT locations/depths for 
analysis of both VOCs by Method 8260B and the MNA parameters listed in Table 2-1 
(under the “Laboratory Parameters for Groundwater” section).  These MNA parameters are 
typical of a MNA assessment program.  Results from these samples will be used for VOC 
trend analysis as well as assessment of active MNA processes within the study area.  Where 
wells are damaged beyond use or destroyed, groundwater samples will be collected using 

DPT or from temporary wells. 

- Collect groundwater samples from an additional 36 monitoring well and DPT 
locations/depths for analysis of VOCs by Method 8260B.  Results from these samples will be 
used for VOC trend analysis. 
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Table 2-1 MNA Study Analytical Parameters 

Field Parameters 

Conductivity Temperature Ferrous iron, dissolved Dissolved oxygen 

pH Redox potential   

Laboratory Parameters for Groundwater 

Alkalinity Chloride Total organic carbon Total Petroleum 

Hydrocarbons (TPH) – 

gasoline-range organics 

(GRO) and diesel-range 

organics (DRO) 

Carbon dioxide Methane, Ethane, Ethene Total Kjehldahl 

Nitrogen (TKN) 

Sulfate Nitrate/Nitrite  

Laboratory Parameters for Select Groundwater Samples 

Aerobic cometabolism bacterial enzymes Isotopes  

Soil Analysis 

Magnetic susceptibility 

Biogeochemical Lab Study 

Soil and groundwater samples 

 
- Collect water levels at monitoring well locations where samples are obtained or at the 

nearest adjacent monitoring well.  Water levels will also be collected at additional select 

monitoring wells around the study area to assist in potentiometric surface evaluation. 

- Collect activity-dependent enzyme probes to assess the activity of the bacterial enzymes 
responsible for aerobic cometabolism of chlorinated solvents; detecting enzyme activity 
means the degradation mechanism is active.  Given the highly specialized nature of this 
analysis (and associated cost), shallow and deep groundwater samples from only 10 

locations will be tested for this parameter. 

- Collect samples to screen for magnetic susceptibility to assess the presence of magnetite in 
soils.  Prior to collection of the soil samples, electrical conductivity logging will be 
conducted to confirm target sample depths.  Magnetite has been shown to facilitate 
significant biogeochemical reduction of TCE and C12DCE at several sites.  Reactivity of 
magnetite toward chlorinated solvents is dependent upon surface area, not mass; however, 
the 2009 EPA document on identification and characterization methods for reactive 
minerals7 states that “Concentrations … of magnetite as low as 1% by weight, can transform 
chlorinated hydrocarbons at environmentally significant rates.”  Magnetic susceptibility 
measured in an appropriate range at the NIC site would be a strong indicator that 
degradation is likely occurring that could be incorporated into the remediation strategy.  
Geological material with a magnetite susceptibility in the range of 0.1 to 1.0 E-6 m³/kg can 
sustain rates of removal of TCE or C12DCE near 0.3 to 3 year-1 (half-lives between 0.2 and 2 
years).  Up to 12 shallow and deep soil samples will be collected from the saturated zone at 

six locations throughout GWU1 using DPT. 

- Collect samples for CSIA in which the stable carbon isotopes comprising TCE and C12DCE 
will be quantified.  With a single snapshot of isotopic ratios in TCE along the entire length of 
GWU1, it should be possible to detect degradation patterns, determine degradation 
mechanisms, and potentially distinguish sources, by evaluating changes in the ratio of the 
carbon isotopes6, 13C to 12C.  Shallow and deep groundwater samples from up to 10 

locations will be tested for the carbon isotopes. 



Section 2 •  Investigation Activities 

 

  2-5 
NIC MNA Study work plan.docx 

- Collect soil and groundwater samples from two locations to perform simple microcosm 
studies in CDM Smith’s Treatability Laboratory to measure abiotic reduction of TCE in site 
soils.  The microcosms would be sampled over a period of up to 12 months and compared to 
appropriate controls to demonstrate whether this degradation mechanism is measurable in 
site soils.  Combined with the other analyses listed in Table 2-1, the microcosm studies 
would provide conclusive evidence for the occurrence of intrinsic degradation of TCE and 
C12DCE at the site, facilitating the integration of a much larger role for MNA in the long-
term remedial strategy, not only in GWU1 remediation, but potentially in the NIC site-wide 
remediation strategy as well.  A discussion of the microcosm testing protocol is provided in 

Appendix D. 

� Following completion of the first field event, CDM Smith will prepare a technical memorandum 
summarizing the results.  The technical memorandum will include the appropriate maps, 
summary data tables, and analytical laboratory data reports.  In addition, the technical 
memorandum will present a preliminary evaluation of the analytical data and 
recommendations for the remainder of the study.  Comments received from the KDHE will be 
addressed during the preparation of the Final MNA Assessment Report but will not result in a 

resubmittal of the technical memorandum. 

� Event 2 will occur at least six months, preferably one year, after the first MNA event, again to 

assist in trend evaluation.  The second event will consist of the following: 

- Collect surface water samples from four locations for analysis of VOCs by Method 8260B; 
these samples will be used to help assess potential impacts from groundwater to surface 

water. 

- Collect groundwater samples from 34 monitoring well and DPT locations/depths for 
analysis of VOCs by Method 8260B.  These locations and sample depths will be the same as 
the VOCs and MNA sample locations from Event 1; however, samples collected during Event 
2 will be analyzed for VOCs only (Method 8260B).  No other parameters will be analyzed 

during this event.  Results from these samples will be used for VOC trend analysis. 

- Collect water levels at monitoring well locations where samples are obtained or at the 
nearest adjacent monitoring well.  Water levels will also be collected at additional select 

monitoring wells around the study area to assist in potentiometric surface evaluation. 

� Following completion of the second field event, CDM Smith will prepare a final MNA Study 
report containing summary data tables, figures, analytical laboratory reports, a discussion of 
methodologies used during the study, MNA and VOCs results, a presentation of the microcosm 
study results, and time trends. The final report will include both field events and conclusions 

and recommendations will also be discussed. 

2.1.2 Proposed Sampling Locations and Analyses 

Proposed sampling locations were selected based on the following criteria: 

���� Requirements described in the NIC CAD1: collect additional data needed to fully support MNA as 
the preferred remedy for GWU1 by performing a “rigorous MNA assessment consistent with 

KDHE and EPA guidance, for a period not to exceed two years.” 
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���� Available TCE and MNA information from the NIC FS3 as described in Section 1.3.1. 

���� GWU1/5 DPT and monitoring well sampling results from the 2014 PDA activities. 

Table 2-2 lists the proposed sampling locations and depth intervals, sampling event, and analyses for 
the MNA Study activities; locations are shown on Figure 2-1 along with color coding for the analyses 
to be performed at the location.  A brief discussion of the rationales for the selected locations is also 
provided in the table.  Borings will be located in city rights-of way wherever possible.  At least 48 to 72 
hours prior to beginning intrusive activities, the driller will contact Kansas One Call to obtain utility 
locates.  Boring locations may be adjusted as needed to avoid surface structures and underground or 
overhead utilities.  Water levels will be collected at monitoring well locations where samples are 
obtained (or the nearest adjacent monitoring well) and additional select monitoring wells around the 
study area to assist in potentiometric surface evaluation.  Water levels will be collected only from the 
shallow wells; if a shallow well is not available, the water level will be collected from the intermediate 

or deep well.  
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Table 2‐2 Proposed Sampling Locations

ID
1

Location and Monitoring Well Screen 

Interval (if known)2 WL MNA
4

VOCs Enzymes Isotopes

Magnetic 

Susceptibility
5
Biogeochem‐

ical Lab Rationale
6

CNE‐NE‐04S&D
Existing well pair, shallow (17‐17') and deep 

zones (28‐38')
S, D 1,2 1 1

For enz. & iso., spatial distribution w/ GP‐MNA‐1, ‐3, ‐8, ‐

11, ‐12; CNE‐NE‐09S&D; WND‐14S&D; WND‐32S&WNC‐

32DR; and NMW‐36D&UPRF‐MW‐03.

CNE‐NE‐12I Existing intermediate zone well (21‐36’) I 1, 2 1, 2

CNE‐NE‐06S&D
Existing well pair, shallow (15‐25’) and deep 

zones (26‐36’)
S, D 1, 2 1, 2

GP‐MNA‐01
DPT location near former well cluster CNE‐NE‐

10S,I,D
S, D 1 1, 2 1 1 1

Assessment of MNA just downgradient of the Coleman 

Northeast source area. For enz. & iso., spatial 

distribution GP‐MNA‐3, ‐8, ‐11, ‐12; CNE‐NE‐04S&D, ‐

09S&D; WND‐14S&D; WND‐32S&WNC‐32DR; and NMW‐

36D&UPRF‐MW‐03. For mag. susc., spatial distribution 

w/ GP‐MNA‐2, ‐3, ‐4, ‐5, & ‐6.

CNE‐NE‐11D & 

WND‐08S

Existing well pair, shallow (12‐22’) and deep 

zones (30‐40’)
S, D 1, 2 1, 2

CNE‐NE‐09S&D
Existing well pair, shallow (17‐27’) and deep 

zones (30‐40’)
S, D 1, 2 1 1, 2 1 1

Was sampled for MNA during PDA so useful for trend 

analysis.  For enz. & iso., spatial distribution GP‐MNA‐1, ‐

3, ‐8, ‐11, ‐12; CNE‐NE‐04S&D; WND‐14S&D; WND‐

32S&WNC‐32DR; and NMW‐36D&UPRF‐MW‐03.

GP‐MNA‐02
DPT location near / offset to existing wells 

CNE‐NE‐09S&D
S, D 1 1 1

DPT for soil sampling. For mag. susc., spatial distribution 

w/ GP‐MNA‐1, ‐3, ‐4, ‐5, & ‐6. For biogeochem. lab, w/in 

GWU1 but outside of Coleman Northeast's remedial 

systems. Groundwater will also be collected from the 

adjacent deep well (CNE‐NE‐09D) for the biogeochem 

lab. and an initial sample sent for VOCs analysis.

CNE‐NE‐08I Existing intermediate zone well (22‐37’) I 1, 2 1, 2

GP‐MNA‐03
DPT location north of existing well NWL‐16S.  

Water level from NWL‐16S .
S, D 1 1 1

DPT location to obtain S&D samples. NWL‐16S is S zone 

only. For enz. & iso., spatial distribution GP‐MNA‐1, ‐8, ‐

11, ‐12; CNE‐NE‐04S&D, ‐09S&D; WND‐14S&D; WND‐

32S&WNC‐32DR; and NMW‐36D&UPRF‐MW‐036. For 

mag. susc., spatial distribution w/ GP‐MNA‐1, ‐2, ‐4, ‐5, & 

‐6.

WND‐14S&D
Existing well pair, shallow (12‐22’) and deep 

zones (36‐46’)
S, D 1, 2 1 1, 2 1 1

Previously sampled for MNA so useful for trend analysis. 

For enz. & iso., spatial distribution GP‐MNA‐1, ‐3, ‐8, ‐11, 

‐12; CNE‐NE‐04S&D, ‐09S&D; WND‐32S&WNC‐32DR; and 

NMW‐36D&UPRF‐MW‐03.

Sampling 

Interval(s)3

Sampling Analysis & Event
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Table 2‐2 Proposed Sampling Locations

ID
1

Location and Monitoring Well Screen 

Interval (if known)2 WL MNA
4

VOCs Enzymes Isotopes

Magnetic 

Susceptibility
5
Biogeochem‐

ical Lab Rationale
6

Sampling 

Interval(s)
3

Sampling Analysis & Event

NMW‐36D & 

UPRF‐MW‐03(S)

Existing well pair, shallow (14‐24’) and deep 

zones (30‐37’)
S, D 1, 2 1 1, 2 1 1

Assessment of MNA downgradient of the Coleman 

Northeast source area. For enz. & iso., spatial 

distribution GP‐MNA‐1, ‐3, ‐8, ‐11, ‐12; CNE‐NE‐04S&D, ‐

09S&D; WND‐14S&D; and WND‐32S&WNC‐32DR..

FLE‐MW‐02S&D
Existing well pair, shallow (14‐24’) and deep 

zones (31.5‐41.5’)
S, D 1, 2 1, 2

NMW‐38D & 

UPRF‐MW‐16(S)

Existing well pair, shallow (15.3‐25.3’) and 

deep zones (32.4‐39.7’)
S, D 1, 2 1, 2

GP‐MNA‐04
DPT location near existing well NWL‐18S.  

Water level from NWL‐18S .
S, D 1

DPT location for soil sampling. Spatial distribution w/ GP‐

MNA‐1, ‐2, ‐3, ‐5, & ‐6.

WND‐31S & 

WNC‐31D

Existing well pair, shallow (14‐24’) and deep 

zones (25.4‐38.1’)
S, D 1, 2 1, 2

NMW‐37D & 

UPRF‐MW‐09(S)

Existing well pair, shallow (14‐24’) and deep 

zones (32.4‐37.4’)
S, D 1, 2 1 1, 2 1 1

GP‐MNA‐05
DPT location near / offset to existing wells 

NMW‐37D&UPRF‐MW‐09
S, D 1 1

DPT location for soil sampling. For mag. susc., spatial 

distribution w/ GP‐MNA‐1, ‐2, ‐3, ‐4, & ‐6. For 

biogeochem. lab, w/in GWU1 but outside of Coleman 

Northeast's remedial systems. Groundwater will also be 

collected from the adjacent deep well (NMW‐37D) for 

the biogeochem lab. and an initial sample sent for VOCs 

analysis.

NMW‐03S&D
Existing well pair, shallow (13.7‐23.5’) and 

deep zones (28.1‐35.4’)
S, D 1, 2 1, 2

WND‐32S & 

WNC‐32DR

Existing well pair, shallow (14‐24’) and deep 

zones (29.6‐39.6’)
S, D 1, 2 1, 2

Previously sampled for MNA so useful for trend analysis. 

For enz. & iso., spatial distribution GP‐MNA‐1, ‐3, ‐8, ‐11, 

‐12; CNE‐NE‐04S&D, ‐09S&D; WND‐14S&D; and NMW‐

36D&UPRF‐MW‐03.

GP‐MNA‐06
DPT location near / offset to existing wells 

WND‐32S & WNC‐32DR
S, D 1

DPT for soil sampling. For mag. susc., spatial distribution 

w/ GP‐MNA‐1, ‐2, ‐3, ‐4, & ‐5.

SWL‐21
Surface water sample location east of the 

former Safety Kleen facility
SW 1, 2 1, 2

FLE‐MW‐01S&D
Existing well pair, shallow (15‐25’) and deep 

zones (32‐42’)
S, D 1, 2 1, 2

WND‐30D Existing deep zone well (27.5‐37.5’) D 1, 2 1, 2

GP‐MNA‐07
DPT location near the southwest boundary of 

the Safety‐Kleen property.
S, D 1, 2 1, 2 DPT since Safety‐Kleen wells have been destroyed.

SW‐105
Surface water sample location southeast of 

the former Safety Kleen facility
SW 1, 2 1, 2
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Table 2‐2 Proposed Sampling Locations

ID
1

Location and Monitoring Well Screen 

Interval (if known)2 WL MNA
4

VOCs Enzymes Isotopes

Magnetic 

Susceptibility
5
Biogeochem‐

ical Lab Rationale
6

Sampling 

Interval(s)
3

Sampling Analysis & Event

NMW‐42S&D
Existing well pair, shallow (9‐19’) and deep 

zones (24.5‐34.5’)
S, D 1, 2 1 1, 2

Assessment of MNA w/in the northernwestern portion 

of GWU5.  TCE concentrations w/in these wells were > 

MCL in the 2014 PDA event.

DRB‐MW‐250(S) 

& NMW‐44D

Existing well pair, shallow (6‐26’?) and deep 

zones (27.5‐37.5’)
S, D 1, 2 1 1, 2 Previously sampled for MNA so useful for trend analysis.

SK‐SW‐01
Surface water sample location east of the 

former Coastal Derby facility
SW 1, 2 1, 2

SW‐104
Surface water sample location east of the 

former Coastal Derby facility
SW 1, 2 1, 2

DRB‐MW‐30(S) 

& NMW‐43D

Existing well pair, shallow (6‐26’?) and deep 

zones (28.7‐38.5’)
S, D 1, 2 1, 2

DRB‐MW‐20(S) 

& NMW‐45D

Existing well pair, shallow (6‐26’, historically 

has had product) and deep zones (27‐32’)
S, D 1, 2 1 1, 2 Previously sampled for MNA so useful for trend analysis.

GP‐MNA‐08

DPT location east of existing wells DRB‐MW‐

20(S) & NMW‐45D (~ Cleveland St right of 

way?)

S, D 1 1

Spatial distribution GP‐MNA‐1, ‐3, ‐11, ‐12; CNE‐NE‐

04S&D, ‐09S&D; WND‐14S&D; WND‐32S&WNC‐32DR; 

and NMW‐36D&UPRF‐MW‐03.

GP‐MNA‐09
DPT location near PZ‐17, east side of GWU5.  

Water level from DRB‐MW‐513 (15‐25'?) .
S, D 1, 2 1, 2

Assessment of VOCs near the eastern border of GWU5 

(creek). DPT to obtain S&D samples instead of just the 

one well sample.

GP‐MNA‐10
DPT location northwest of former well DRB‐

MW‐11. (south side of 21st St)
S, D 1, 2 1 1, 2 Assessment of VOCs w/in GWU5.

GP‐MNA‐11
DPT location near former well DRB‐MW‐11 (~ 

Cleveland St right of way?)
S, D 1, 2 1 1, 2 1 1

For enz. & iso., spatial distribution GP‐MNA‐1, ‐3, ‐8, ‐12; 

CNE‐NE‐04S&D, ‐09S&D; WND‐14S&D; WND‐32S&WNC‐

32DR; and NMW‐36D&UPRF‐MW‐03. For MNA, 

temporary wells near here previously sampled for MNA 

so useful for trend analysis.

GP‐MNA‐12
DPT location near existing well DRB‐MW‐511 

(15‐25'?)
S, D 1, 2 1 1, 2 1 1

Assessment of VOCs & MNA w/in GWU5, near the 

eastern border (creek). DPT to obtain S&D samples 

instead of just the one well sample. For enz. & iso., 

spatial distribution GP‐MNA‐1, ‐3, ‐8, ‐11; CNE‐NE‐

04S&D, ‐09S&D; WND‐14S&D; WND‐32S&WNC‐32DR; 

and NMW‐36D&UPRF‐MW‐03.

GP‐MNA‐13

DPT location east of existing well DRB‐MW‐

120 (10.5‐30.5').  Water level from DRB‐MW‐

120 .

S, D 1, 2 1, 2

Assessment of VOCs & MNA w/in GWU5, near the 

eastern border (creek). DPT to obtain S&D samples 

instead of just the one well sample.

NMW‐09S&D
Existing well pair, shallow (10‐20’) and deep 

zones (21.5‐31.3’)
S, D 1, 2 1, 2

DRB‐MW‐150 Existing well (10.5‐30.5’) full 1, 2 1, 2
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Table 2‐2 Proposed Sampling Locations

ID
1

Location and Monitoring Well Screen 

Interval (if known)2 WL MNA
4

VOCs Enzymes Isotopes

Magnetic 

Susceptibility
5
Biogeochem‐

ical Lab Rationale
6

Sampling 

Interval(s)
3

Sampling Analysis & Event

NMW‐10S&D
Existing well pair, shallow (12.2‐22’) and deep 

zones (23.7‐33.5’)
S, D 1, 2 1, 2

WND‐07S Existing well WL only 1, 2

CN‐MW‐47 Existing well WL only 1, 2

DRB‐MW‐120 Existing well WL only 1, 2

DRB‐MW‐360 Existing well WL only 1, 2

DRB‐MW‐511 Existing well WL only 1, 2

DRB‐MW‐513 Existing well WL only 1, 2

NMW‐05S Existing well WL only 1, 2

NMW‐47S Existing well WL only 1, 2

NWL‐16S Existing well WL only 1, 2

NWL‐17S Existing well WL only 1, 2

NWL‐18S Existing well WL only 1, 2

NWL‐19S Existing well WL only 1, 2

NWL‐30S Existing well WL only 1, 2

1 = Preliminary location identification; alternate locations may be chosen if existing wells are unusable or location may be offset and samples collected by DPT.

      Sample locations are listed in this table as generally mapped, from north to south and west to east ‐ refer to Figure 2‐1.

2 = Screen intervals are from the information currently available in CDM Smith’s NIC site database.  The data is incomplete.

3 = S = shallow depth, I = intermediate depth, D = deep depth,  SW = surface water, WL = water level.  Depth intervals for DPT locations will be adjusted based on probe refusal and the depth to

      water at the  me of the inves ga on; currently depths are es mated  follows 12‐16 feet bgs for S, 20‐24 feet bgs for I, and 30‐34 feet bgs for D.

4 = The MNA analysis consists of the “Laboratory Parameters for Groundwater” listed in  Table 2‐1.  MNA parameters will only be colleced in Event 1.

5 = For magnetic susceptibility sample locations, electroconductivity logging will be performed first to select sample depths.  Samples will be collected from the saturated zone.

6 = Locations to be sampled for VOCS were selected throughout the study area, particularly in GWU1, for trend analysis.  Rationales for the locations to be sampled for the additional analyses

      are listed in the "Rationale" column.

Note: well will not be sampled if product is present.

These water level only wells are generally peripheral to 

the study area but, combined with the water level wells 

listed above, should help in preparing the 

potentiometric surface map.
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Section 3  

Schedule and Deliverables 

The following is a summary of the schedule and deliverables for the activities described in this work 

plan. 

Project plans Submittal to the City and NIC Technical Advisory Committee (TAC) within 90 
days following receipt of the site-wide PDA results (milestone) or following the 

seminar with the City, TAC, and KDHE to discuss the modified study approach 
(milestone). 

Submittal to the KDHE upon the City’s authorization to submit.  Timely reviews 
from the City and TAC as well as the City’s authorization to submit to KDHE are 

milestones. 

Field investigation 

activities 

Start following KDHE approval of the project plans (milestone) and at 6 months 

to 1 year from PDA event.  MNA field sampling program up to 2 years, 
consisting of two sampling events. 

• 1st event anticipated at a minimum of six months, preferably one year, 
following the PDA sampling to improve time trend evaluations. 

• 2nd event anticipated at a minimum of six months, preferably one year, 
following the 1st event to improve time trend evaluations. 

• Minimum one year simple microcosm laboratory study. 

Technical 
Memorandum 

Submittal to the City and TAC within 90 days following completion of the 1st 
field event and after receipt of the analytical laboratory data.  The 

memorandum will include a summary of the investigation activities, 
potentiometric surface and sample location maps, analytical results, summary 

data tables, and preliminary evaluations of the data and recommendations for 
the remainder of the study. 

Submittal to the KDHE upon the City’s authorization to submit.  Receipt of the 
laboratory data, timely reviews from the City and TAC, and the City’s 

authorization to submit to KDHE are milestones. 

Final Report Submittal to the City and TAC within 90 days following completion of the 2nd 

field event and after receipt of the analytical laboratory data.  The final report 
will include a discussion of the investigation activities, potentiometric surface 

and sample location maps, other applicable figures, analytical results, summary 
data tables, time trends, conclusions, an evaluation of whether MNA appears to 

be a sufficient remedy for GWU1 or whether the contingency plan described in 
the FS/CAD needs to be implemented, and recommendations. 

Submittal to the KDHE upon the City’s authorization to submit.  Receipt of the 
laboratory data, timely reviews from the City and TAC, and the City’s 

authorization to submit to KDHE are milestones. 
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Appendix A 

Excerpts from NIC Site-wide Groundwater 

Feasibility Study Report 
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Figure 2-11
North Industrial Corridor (NIC) Site

2001 MNA Scores
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Legend
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!( >20 (Strong Evidence)
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2001 MNA Scores (Deep)
") >20 (Strong Evidence)

") 15 - 20 (Adequate Evidence)

") 6 - 14 (Limited Evidence)

") 0 - 5 (Inadequate Evidence)
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Figure 2-12
North Industrial Corridor (NIC) Site

2007-2008 MNA Scores
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Legend
2007 MNA Scores (Shallow)
!( >20 (Strong Evidence)

!( 15 - 20 (Adequate Evidence)

!( 6 - 14 (Limited Evidence)

!( 0 - 5 (Inadequate Evidence)

2007 MNA Scores (Deep)
") >20 (Strong Evidence)

") 15 - 20 (Adequate Evidence)

") 6 - 14 (Limited Evidence)

") 0 - 5 (Inadequate Evidence)
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Figure 2-13a
North Industrial Corridor (NIC) Site

2001 Petroleum Hydrocarbon Occurrences
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Figure 2-13b
North Industrial Corridor (NIC) Site

Petroleum Hydrocarbon Occurrences 2007-2008
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Figure 2-14a
North Industrial Corridor (NIC) Site

2001 Sulfate Concentrations
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Note: Some or all data in gray shaded areas were 
supplied by PRPs.
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Figure 2-14b
North Industrial Corridor (NIC) Site
2007-2008 Sulfate Concentrations

§
0 600 1,200 1,800 2,400300

Feet

Legend
2007 Sulfate Concentrations (mg/L)
Shallow Wells
!( >200

!( 150.1 - 200.0

!( 100.1 - 150.0

!( 50.1 - 100.0

!( 0.0 - 50.0

Deep Wells
") >200

") 150.1 - 200.0

") 100.1 - 150.0

") 50.1 - 100.0

") 0.0 - 50.0

Note: Some or all data in gray shaded areas were 
supplied by PRPs.



! !

!

!

!

")

")

")

")

")

")

")
")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

")

!H

!H

!H

!H

!H!H

!H

!H

!H

!H

!H !H

!H

!H

!H

!H

!H

!H

WND-33S (66)

WND-40S (38)

WND-04S (23)

WND-42S (22)

NMW-10S (790)

WND-23S (6.6)

NMW-25S (0.5)

NMW-08S (1000)

WND-22S (0.85) WND-06S (0.58)

NMW-18S (0.58)

WND-41S (0.28)

NMW-31S (0.11)

WND-03S (15000)

WND-16S (11000)

DRB-MW-20 (9300)

DRB-MW-250 (1700)

WND-21S (560)

NMW-14D (3)

NMW-29D (1)

NMW-19D (49)

NMW-06D (980)

WNC-23D (5.6)

WND-14D (4.2)

WND-36D (1700)

WND-37A_D (3000)

EXC-MW-04B (8.2)

WND-41D (1)

WND-42D (24)

WND-39D (510)

WND-33D (330)

NMW-45D (250)

WND-22D (3.5)

NMW-18D (2.9)

NMW-31D (2.8)

WND-40D (0.6)

WND-21D (3700)

NMW-08D (2700)

NMW-44D (1700)

NMW-10D (1600)

WNC-16D (1200)

NMW-25D (0.91)

WNC-06D (0.32)

EXC-MW-05B (28)

EXC-MW-07B (150)

2ND

13TH

37TH

17TH
H

IL
LS

ID
E

B
R

O
A

D
W

AY

W
A

C
O

21ST

18TH

12TH

A
SH

10TH

A
R

K
A

N
SA

S

O
H

IO

25TH

M
A

IN

11TH

I235

W
A

B
A

SH

K96

M
O

SL
EY

I1
35

PA
R

K

3RD

M
A

D
IS

O
N

M
A

R
K

ET

SP
R

U
C

E

14TH

27TH

PINE

MURDOCK

ELM

H
YD

R
A

U
LI

C

16TH

15TH K
A

N
SA

S

C
LE

VE
LA

N
D

28TH

29TH

FA
IR

VI
EW

LO
R

R
A

IN
E

9TH

31ST

33RD

PI
AT

T

19TH

RIVER

ES
TE

LL
E

8TH

R
U

TA
N

JE
A

N
ET

TE

M
EA

D

W
O

O
D

LA
N

D

W
EL

LI
N

G
TO

N

C
H

A
U

TA
U

Q
U

A

W
A

SH
IN

G
TO

N

C

N
EW

 Y
O

R
K

B
U

R
N

S

B
IT

TI
N

G

26TH

38TH

TO
PE

K
A

PR
IN

C
E

ST
AT

E

22ND

20TH

SH
EL

TO
N

W
IC

H
IT

A

30TH

VA
SS

A
R

SHADYBROOK

FE
R

R
EL

L

SA
LIN

A

JA
C

K
SO

N

ER
IE H
O

LY
O

K
E

IN
D

IA
N

A

OAK

MOSSMAN

ALEY

LE
W

EL
LE

N

23RD

R
O

SE
N

TH
A

L

24TH

32ND

34TH

STADIUM

SA
N

TA
 F

E

G
R

O
VE

G
R

EE
N

M
IN

N
ES

O
TA

M
AT

H
EW

SO
N

PO
PL

A
R

FA
IR

M
O

U
N

T

36TH

N
IM

S

M
A

SC
O

T

CENTRAL

A
R

M
ST

R
O

N
G

AUDREY

ETHEL

PE
A

R
C

E

39TH

35TH

RANDOM

C
A

R
TE

R

O
TI

S

B
A

R
W

IS
E

JE
FF

ER
SO

N

STACKMA
N

SP
A

U
LD

IN
G

VO
LU

TS
IA

40TH

BURNETT

PE
N

N
SY

LV
A

N
IA

A
LU

M
N

I

EM
PO

R
IA

FRANKLIN

BACK BAY

LOOMAN

LA
R

IM
ER

W
IL

EY
UNKNOWN

C
A

R
LO

S

SA
IN

T 
FR

A
N

C
IS

E L LE
N

R
O

C
K

 IS
LA

N
D

MANLO

C
AR

M EN

M CKI N
LE

Y

ARNOLD

O
PP

O
R

TU
N

IT
Y

BRADY

S HADYWAY

IS
EL

Y

H
EI

SE
R

M
A

N

CHATFIELD

MISSOURI

W

ATER

MAPLEWOOD

KOPPLI N

ALCOTT

O
LD

 L
AW

R
EN

C
E

NORTH

MCFARLAND

BRID
G

EPO
R

T

RAL EI
G

H

ORCHARD

GRAHAM

COUNTRY CLUB

RIVERSIDE

MCLEAN

PERIMETER

M
IN

N
EA

PO
LI

S

MILLAIR

A
G

N
ES

C
O

NQ

UEST

ALLEN

G
RE

ENWAY

ER
IE

JA
C

K
SO

N

M
O

SL
EY

M
IN

N
EA

PO
LI

S

19TH19TH

PO
PLA

R

H
YD

R
A

U
LI

C

SP R
U

C
E

PO
P L A

R

32ND

RIVERSIDE W
IC

H
IT

A

PA
R

K

K96

ER
IE

ES
TE

LL
E

VO
LU

TS
IA

36TH

15TH

FA
IR

VI
EW

PI
AT

T

B
U

R
N

S
H

O
LY

O
K

E

8TH

A
SH

W
O

O
D

LA
N

D

O
H

IO

ELM

FA
IR

VI
EW

SA
IN

T 
FR

A
N

C
IS

VA
SS

A
R

LO
R

R
A

I N
E

A
SH

18TH
C

H
A

U
TA

U
Q

U
A

IN
D

IA
N

A

15TH

ER
IE

26TH

ER
IE

14TH

N
EW

 Y
O

R
K

33RD
O

LD
 L

AW
R

EN
C

E

9TH

P
O

PLA
R

9TH

26TH

PO
PL

A
R

12TH

PI
AT

T

EM
PO

R
IA

W
AT

ER

12TH

3RD

SA
N

TA
 F

E

12TH

11TH

9TH

STACK MAN

W
EL

LI
N

G
TO

N

PI
AT

T

LO
R

R
A

IN
E

TO
PE

K
A

14TH

12TH

VA
SS

A
R

8TH

24TH

9TH

N
EW

 Y
O

R
K

A
SH

8TH

M
IN

N
ES

O
TA

SA
N

TA
 F

E

G
R

EE
N

PE
N

N
SY

LV
A

N
IA

VA
SS

A
R

IN
D

IA
N

A

SH
EL

TO
N

22ND

FA
IR

M
O

U
N

T

SA
LI N

A

20TH

M
A

D
ISO

N

27TH

O
H

IO

22ND

MURDOCK

O
H

IO

27TH

B
U

R
N

S

ES
TE

LL
E

SA
IN

T 
FR

A
N

C
IS

ER
IE

K
A

N
SA

S

JE
A

N
ET

TE

E THEL

3RD

G
R

EE
N

30TH

9TH

30TH

I135

LO
R

R
A

I N
E

JA
C

K
SO

N

8TH

W
A

C
O

C
H

A
U

TA
U

Q
U

A

M
IN

N
EA

PO
LI

S

10TH

EM
PO

R
IA

16TH

SP
R

U
C

E

O
H

IO

STADIUM

15TH
15TH

16TH

M
A

SC
O

T

N
EW

 Y
O

R
K

12TH

O
H

IO

ER
IE

MURDOCK

LO
R

R
A

IN
E

34TH

JA
C

K
SO

N

EMPORIA

EM
PO

R
IA

C
H

A
U

T A
U

Q
U

A

20TH

24TH

W
EL

LI
N

G
TO

N

20TH

M
IN

N
ES

O
TA

19TH

G
R

O
VE

24TH

12TH

M
A

D
ISO

N

SP
R

U
C

E

ORCHARD

SA
IN

T 
FR

A
N

C
IS

SA
IN

T 
FR

A
N

C
IS

SPR
U

C
E

3RD

B
U

R
N

S

25TH

M
AT

H
EW

SO
N

VO
LU

TS
IA

C
H

A
U

TA
U

Q
U

A

23RD

10TH

FA
IR

VI
EW

JEA
N

ETTE

MOSSMAN

W
IC

H
IT

A

28TH

29TH

14TH

SA
N

TA
 F

E

1 2TH

16TH

M
EA

D

N
EW

 Y
O

R
K

35TH
FA

IR
VI

EW

ER
IE

G
REEN

36TH

20TH

VO
LU

TS
IA

16TH

W
O

O
D

LA
N

D

A
SH

M
A

SC
O

T

JA
C

K
SO

N

PE
N

N
SY

LV
A

N
IA

22ND

35TH

14TH

FA
IR

VI
EW

JE
A

N
ET

TE

MURDOCK

33RD

24TH

8TH

ESTELLE

26TH

K
A

N
SA

S

PO
PL

A
R

W
A

C
O

M
A

D
IS

O
N

MURDO CK

26TH

W
AT

ER

23RD

W
EL

LI
N

G
TO

N

K
A

N
SA

S

ER
IE

PO
PL

A
R

K
A

N
SA

S

ELM

17TH

M
A

SC
O

T

27TH

39TH

A
SH

E
R

IE

PA
R

K

ES
TE

LL
E

M
EA

D

W
A

C
O

31ST

R
U

TA
N

PO
PL

A
R

A
SH

I235

9TH

W
A

SH
IN

G
TO

N M
I N

N
ES O

TA

H
YD

R
A

U
LI

C

15TH

LO
R

R
A

IN
E

M
EA

D

34TH

M
A

D
IS

O
N

G
R

EE
N

Figure 2-15a
North Industrial Corridor (NIC) Site

2001 Methane Concentrations
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supplied by PRPs.
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Legend
January 2008 Potentiometric Contour Lines

!( Water Level Measurement Locations

Water Level Measurement

Note: Dashed lines indicate inferred contours
Some or all data in gray shaded areas were supplied by PRPs.
* = Anomalous or localized data point- not used for contouring
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North Industrial Corridor (NIC) Site

TCE in Shallow Groundwater Isoconcentration Map
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Note: Dashed lines indicate inferred contours.

Some or all data in gray shaded areas were supplied by PRPs.
* = Anomalous or localized data point- not used for contouring
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Plate 2-2b
North Industrial Corridor (NIC) Site

TCE in Deep Groundwater Isoconcentration Map
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Table 2-5
North Industrial Corridor (NIC) Site

Summary of Field MNA Parameters in Groundwater Samples

Well ID Sample Date Temperature pH Conductivit
y   

Chemetric
s  DO      ORP   Fe2+      Turbidity

 (oC) (µS/cm) (mg/L) (mV) (mg/L)  (NTU)
DRB-MW-250 12/13/2007 17.4 7.08 817 12.58 -118.5 1.8 600.00
EXC-MW-05B 12/17/2007 16.2 7.13 1034 2.00 51.3 0.2 11.30
EXC-MW-07B 12/17/2007 15.2 7.15 870 2.23 1.4 0.0 31.20
NMW-05D 12/20/2007 15.4 7.23 870 3.72 99.4 0.0 1.43
NMW-05S 12/20/2007 15.9 6.95 737 2.77 97.2 0.0 2.06
NMW-06D 12/13/2007 16.2 7.20 820 3.73 40.1 0.0 1.12
NMW-06S 12/13/2007 17.7 7.21 1578 1.28 54.5 0.0 7.32
NMW-08D 12/12/2007 15.9 7.22 850 2.46 14.3 0.0 1.56
NMW-08S 12/12/2007 16.8 6.97 758 2.32 39.1 0.0 1.75
NMW-10D 12/17/2007 16.2 6.98 885 1.85 -31.7 1.2 7.95
NMW-10S 12/17/2007 16.7 7.05 841 1.83 -46.3 2.2 9.64
NMW-14D 12/14/2007 14.7 7.10 779 4.68 -58.1 2.5 1.33
NMW-14S 12/14/2007 15.1 7.20 735 3.63 -54.9 2.6 3.78
NMW-18D 12/21/2007 14.5 7.56 850 1.46 -67.7 0.3 9.32
NMW-18S 12/21/2007 17.0 7.14 1131 7.39 45.4 0.0 2.52
NMW-19D 12/21/2007 15.6 7.35 1136 2.28 -8.6 0.0 9.32
NMW-23D 12/19/2007 15.5 7.46 932 1.28 -55.3 0.0 3.72
NMW-23S 12/21/2007 17.2 7.33 987 1.54 64.6 0.2 4.87
NMW-25D 12/12/2007 17.6 7.33 1050 5.19 20.1 0.0 3.55
NMW-25S 12/12/2007 18.5 7.47 1032 5.84 62.5 0.0 2.41
NMW-29D 12/12/2007 16.5 7.31 1007 3.71 32.4 0.0 2.10
NMW-29S 12/12/2007 17.5 7.37 1246 4.64 39.3 0.0 2.29
NMW-31D 12/14/2007 15.9 7.36 979 3.51 8.2 0.4 4.82
NMW-31S 12/14/2007 16.5 7.17 857 3.68 49.7 0.2 1.84
NMW-44D 12/13/2007 15.7 7.15 789 1.31 3.8 0.0 2.52
NMW-45D 12/17/2007 14.8 7.14 906 1.13 -19.9 0.4 4.51
NMW-50D 12/19/2007 14.6 7.34 1141 2.70 65.4 0.0 10.80
NMW-51D 12/13/2007 16.5 7.36 1138 4.26 65.8 0.0 2.97
WNC-06D 12/20/2007 16.5 7.31 814 2.69 39.4 0.0 3.11
WNC-16D 12/20/2007 15.2 7.28 809 1.36 -27.4 0.4 4.99
WNC-23D 12/17/2007 15.3 7.62 709 3.44 76.8 0.2 79.60
WNC-32D 12/18/2007 14.3 7.05 853 4.21 51.4 0.0 12.30
WNC-37SR 12/20/2007 15.8 7.36 593 3.67 56.1 0.0 4.90
WND-03S 12/17/2007 16.5 7.17 785 15.32 -103.1 3.1 920.00
WND-04S 12/17/2007 17.2 7.02 835 13.32 82.4 0.2 795.00
WND-06S 12/20/2007 16.5 7.33 769 13.60 68.4 0.4 576.00
WND-14D 12/18/2007 14.9 7.05 890 4.30 87.3 0.0 12.30
WND-14S 12/18/2007 16.5 7.19 447 10.37 113.2 0.2 12.30
WND-21D 12/21/2007 15.9 7.06 872 1.36 -11.7 0.2 22.00
WND-21S 12/21/2007 16.6 6.94 947 2.39 -67.7 2.8 33.10
WND-22D 12/20/2007 14.8 7.26 630 5.68 47.3 0.2 44.40
WND-22S 12/20/2007 16.1 7.09 548 3.83 88.3 0.0 44.40
WND-23S 12/17/2007 16.9 8.07 461 65.1 0.4 992.00
WND-32S 12/18/2007 16.4 6.89 923 1.83 32.8 0.2 54.10
WND-33D 12/12/2007 15.0 7.10 923 12.61 56.7 0.0 950.00
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Table 2-5
North Industrial Corridor (NIC) Site

Summary of Field MNA Parameters in Groundwater Samples

Well ID Sample Date Temperature pH Conductivit
y   

Chemetric
s  DO      ORP   Fe2+      Turbidity

 (oC) (µS/cm) (mg/L) (mV) (mg/L)  (NTU)
WND-36D 12/20/2007 14.7 7.21 919 2.86 6.8 0.0 49.30
WND-36S 12/20/2007 15.5 7.04 916 5.58 -115.4 3.2 146.00
WND-37DR 12/20/2007 14.4 7.28 825 3.28 52.5 0.0 58.60
WND-39D 12/21/2007 16.5 6.84 899 5.76 109.4 0.0 158.00
WND-39S 12/21/2007 16.9 6.65 460 127.7 0.0 1000.00
WND-40D 12/19/2007 18.5 7.15 924 2.51 39.3 0.2 24.80
WND-41D 12/21/2007 18.4 7.43 791 13.03 64.2 0.0 724.00
WND-42D 12/19/2007 15.2 7.28 931 13.86 -56.7 1.8 922.00
WND-47D 12/14/2007 17.2 7.10 962 6.33 59.7 0.0 132.00
WND-47S 12/14/2007 19.0 7.08 1020 7.53 84.4 0.0 136.00
TW-DRB-MW-11 4/24/2008 16.4 6.69 2190 0.75 31.7 3.4 1000.00
TW-NMW-46D 4/24/2008 16.9 6.96 1093 0.50 29.3 1.6 95.90
TW-WND-40S 4/23/2008 18.5 6.97 1002 0.25 19.0 1.0 30.20

Notes:  
mg/L = milligrams per liter
μS/cm = microseimens per centimeter
mV = millivolts
NTU = nephelometric turbidity units
oC = Degrees Celsius
DO = dissolved oxygen
ORP = oxidation-reduction potential

Fe2+ = ferrous iron
NA = Not Applicable
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Table 2-6
North Industrial Corridor (NIC) Site

Summary of Metals and Inorganic MNA Parameters in Groundwater Samples

Well ID Sample Date Well Depth 
Zone

Alkalinity, 
Total

Carbon 
dioxide Chloride

Dissolved 
Organic 
Carbon

Nitrogen, 
NO2 + 
NO3

Sulfate

Volatile 
Acids, as 

Acetic 
Acid

Arsenic Iron Manganese

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L) (µg/L) (µg/L)
DRB-MW-250 12/13/2007 Shallow 439 474 36.1 4.4 ND 74.4 ND ND 13800 2350
EXC-MW-05B 12/17/2007 Deep 333 346 46.3 1.4 2.1 330 ND ND 131 39.6
EXC-MW-07B 12/17/2007 Deep 320 332 55.3 1.9 1.3 198 ND ND 581 125
NMW-05D 12/20/2007 Deep 424 416 50 1.4 ND 135 ND ND ND 7320
NMW-05S 12/20/2007 Shallow 333 377 23.9 2.2 1.6 161 ND ND ND 4780
NMW-06D 12/13/2007 Deep 426 443 42.9 4.4 ND 103 ND ND ND 585
NMW-06S 12/13/2007 Shallow 388 403 382 5.4 0.91 66.2 ND 16.4 59.9 82.6
NMW-08D 12/12/2007 Deep 399 401 45.5 2.8 0.91 142 ND ND ND 436
NMW-08S 12/12/2007 Shallow 338 383 45.3 3.6 0.95 127 ND ND 67.3 215
NMW-10D 12/17/2007 Deep 403 435 60.6 3.1 ND 132 ND 19 876 472
NMW-10S 12/17/2007 Shallow 379 429 64.2 3 ND 113 ND ND 1740 548
NMW-14D 12/14/2007 Deep 304 344 65.6 1.6 ND 124 ND ND 3050 287
NMW-14S 12/14/2007 Shallow 275 311 65.9 1.9 ND 113 ND ND 2960 301
NMW-18D 12/21/2007 Deep 319 321 80.8 2 ND 139 ND ND 1230 116
NMW-18S 12/21/2007 Shallow 398 390 97.2 2 1.6 161 ND ND ND 25.3
NMW-19D 12/21/2007 Deep 440 457 164 3.6 0.13 117 ND ND 360 122
NMW-23D 12/19/2007 Deep 315 302 103 1.9 ND 155 ND ND 858 145
NMW-23S 12/21/2007 Shallow 362 364 97.7 1.5 0.86 169 ND ND ND 153
NMW-25D 12/12/2007 Deep 357 350 114 1.8 0.34 192 ND ND 73.5 104
NMW-25S 12/12/2007 Shallow 392 384 112 1.8 2.3 163 ND ND ND 25.5
NMW-29D 12/12/2007 Deep 411 414 83.6 1.8 1.4 182 ND ND ND 141
NMW-29S 12/12/2007 Shallow 340 333 197 1.5 9.4 144 ND ND ND 14.5
NMW-31D 12/14/2007 Deep 346 348 93.8 1.9 ND 197 ND ND 188 122
NMW-31S 12/14/2007 Shallow 336 363 75.6 1.6 1.9 125 ND ND ND 52.4
NMW-44D 12/13/2007 Deep 306 318 52.1 1.7 6 143 ND ND ND 689
NMW-45D 12/17/2007 Deep 411 444 60.3 3 9.8 116 ND ND 431 1730
NMW-50D 12/19/2007 Deep 413 405 94.7 1.8 1.2 238 ND ND 62.2 1820
NMW-51D 12/13/2007 Deep 471 474 89 2 0.81 206 ND ND ND 480
WNC-06D 12/20/2007 Deep 359 361 57.8 1.4 3.3 113 ND ND ND ND
WNC-16D 12/20/2007 Deep 441 444 32.2 6.4 ND 105 ND ND 419 1390
WNC-23D 12/17/2007 Deep 91.1 89.3 98.6 2.4 0.93 170 ND ND 59.8 188
WNC-32D 12/18/2007 Deep 341 368 68.1 1.9 1.5 143 ND ND ND 64.9
WNC-37SR 12/20/2007 Shallow 332 376 21 2.9 1.8 66 ND ND ND 25.5
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Table 2-6
North Industrial Corridor (NIC) Site

Summary of Metals and Inorganic MNA Parameters in Groundwater Samples

Well ID Sample Date Well Depth 
Zone

Alkalinity, 
Total

Carbon 
dioxide Chloride

Dissolved 
Organic 
Carbon

Nitrogen, 
NO2 + 
NO3

Sulfate

Volatile 
Acids, as 

Acetic 
Acid

Arsenic Iron Manganese

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L) (µg/L) (µg/L)
DRB-MW-250 12/13/2007 Shallow 439 474 36.1 4.4 ND 74.4 ND ND 13800 2350
WND-03S 12/17/2007 Shallow 496 515 29.7 2.6 ND 21.4 ND 12.8 15100 1640
WND-04S 12/17/2007 Shallow 342 387 52.5 1.7 1.7 153 ND ND 1810 1610
WND-06S 12/20/2007 Shallow 387 418 50.2 1.1 4.1 76.6 ND ND 1060 524
WND-14D 12/18/2007 Deep 353 381 67.3 1.1 0.93 180 ND ND ND 26.4
WND-14S 12/18/2007 Shallow 209 237 6.9 3.1 3.3 67.8 ND ND 419 9.7
WND-21D 12/21/2007 Deep 379 394 44.8 3 2.6 154 ND ND ND 82.2
WND-21S 12/21/2007 Shallow 419 502 41 5.1 ND 151 ND ND 6920 1490
WND-22D 12/20/2007 Deep 274 276 36.2 2.1 0.48 97.7 ND ND 427 234
WND-22S 12/20/2007 Shallow 269 291 13.1 1.3 0.51 84.8 ND ND ND 10.5
WND-23S 12/17/2007 Shallow 185 186 35.5 1.2 0.41 68.3 ND ND 86.4 15.1
WND-32S 12/18/2007 Shallow 302 361 46.8 2.7 17.9 105 ND ND 227 4360
WND-33D 12/12/2007 Deep 523 543 47.2 6.1 ND 78.3 ND ND 255 2930
WND-36D 12/20/2007 Deep 480 499 51.2 6.4 0.49 111 ND ND 128 1650
WND-36S 12/20/2007 Shallow 568 643 47.1 13.7 0.15 ND ND 12.4 31700 1680
WND-37DR 12/20/2007 Deep 365 367 47.2 2.3 ND 150 ND ND 658 146
WND-39D 12/21/2007 Deep 455 491 68.9 4.4 0.54 82.4 ND ND 799 269
WND-39S 12/21/2007 Shallow 142 196 25.2 1 4.8 25.8 ND ND 698 21.8
WND-40D 12/19/2007 Deep 394 396 69 2 5.2 117 ND ND 70.7 88.4
WND-41D 12/21/2007 Deep 325 351 43.1 1.8 13.5 102 ND ND 891 362
WND-42D 12/19/2007 Deep 373 375 69.4 2 ND 173 ND ND 1330 165
WND-47D 12/14/2007 Deep 333 346 76.1 2.8 0.91 199 ND ND 50.1 606
WND-47S 12/14/2007 Shallow 361 390 66.6 1.8 7.5 225 ND ND 124 528
11 4/24/2008 Shallow 1100 663 230 13 0.51 64.2 ND ND 9320 483
TW-NMW-46D 4/24/2008 Deep 528 580 67.9 5.6 0.1 41.3 ND ND 1410 1200
TW-WND-40S 4/23/2008 Shallow 389 432 84.8 1.5 0.68 85.1 ND ND 544 686

Notes:  
mg/ = milligrams per liter
μg/L = micrograms per liter
ND = not detected
NO2 = Nitrite

NO3 = Nitrate
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Table 2-7
North Industrial Corridor (NIC) Site

Summary of Methane, Ethane, Ethene,and VOCs Results

PCE TCE C12DCE VC 11DCE 11DCA Ethene Ethane Methan
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

DRB-MW-250 Shallow 12/13/2007 <1 <1 2.1 <1 <1 1.4 <1 <1 815 BEN 9.2
EXC-MW-05B Deep 12/17/2007 <1 119 19.8 <1 3.8 <1 <1 <1 <1
EXC-MW-07B Deep 12/17/2007 <1 101 32.6 1.1 3 1 <1 <1 <1
NMW-05D Deep 12/20/2007 <1 1.5 3 <1 <1 <1 <1 <1 64.2
NMW-05S Shallow 12/20/2007 3.6 44.3 155 35.3 <1 2.3 <1 <1 <1 T12DCE 1.4
NMW-06D Deep 12/13/2007 <1 38.5 57.9 <1 4.3 4.3 <1 <1 84.5 T12DCE 1.9
NMW-06S Shallow 12/13/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1
NMW-08D Deep 12/12/2007 <1 202 92.3 8 7.5 2.3 <1 <1 <1 T12DCE 4.0
NMW-08S Shallow 12/12/2007 <1 63.7 73.4 3 3.7 1.5 <1 <1 <1 T12DCE 2.2
NMW-10D Deep 12/17/2007 <1 118 96.3 6.1 6.1 2.4 <1 <1 <1 MTBE 1.6, T12DCE 3.5
NMW-10S Shallow 12/17/2007 <1 102 85.1 4.8 5.3 2.5 <1 <1 58.6 MTBE 2.4, T12DCE 3.0
NMW-14D Deep 12/14/2007 <1 1.6 104 <1 1.3 <1 <1 <1 <1 T12DCE 1.2
NMW-14S Shallow 12/14/2007 <1 <1 8.5 <1 <1 <1 <1 <1 <1
NMW-18D Deep 12/21/2007 <1 <1 2.3 <1 <1 <1 <1 <1 <1
NMW-18S Shallow 12/21/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1
NMW-19D Deep 12/21/2007 <1 1.9 26.3 <1 <1 <1 <1 <1 12.6
NMW-23D Deep 12/19/2007 <1 3.8 3.7 <1 <1 <1 <1 <1 <1
NMW-23S Shallow 12/21/2007 <1 117 435 <1 <1 <1 <1 <1 41.9 T12DCE 2.3
NMW-25D Deep 12/12/2007 <1 2 48.9 <1 <1 <1 <1 <1 <1
NMW-25S Shallow 12/12/2007 <1 4.8 28.2 <1 <1 <1 <1 <1 <1
NMW-29D Deep 12/12/2007 <1 10.9 23.2 <1 <1 <1 <1 <1 <1 T12DCE 1.9
NMW-29S Shallow 12/12/2007 <1 4.5 7.4 <1 <1 <1 <1 <1 <1
NMW-31D Deep 12/14/2007 93.8 184 61 3.5 1.6 1.7 <1 <1 <1 T12DCE 1.5
NMW-31S Shallow 12/14/2007 44.2 57.7 25.1 <1 <1 <1 <1 <1 <1 MTBE 1.4
NMW-44D Deep 12/13/2007 2.4 77.2 21.2 <1 <1 <1 <1 <1 <1
NMW-45D Deep 12/17/2007 <1 14.1 11.4 <1 <1 <1 <1 <1 22.1 MTBE 17.8, BEN 3.6
NMW-50D Deep 12/19/2007 <1 16.9 12.3 <1 <1 <1 <1 <1 <1
NMW-51D Deep 12/13/2007 2.1 36.4 33.8 4.6 2.2 3.2 <1 <1 <1
WNC-06D Deep 12/20/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1
WNC-16D Deep 12/20/2007 <1 10.8 2.6 <1 <1 <1 <1 <1 149
WNC-23D Deep 12/17/2007 <1 6.5 1.9 <1 <1 <1 <1 <1 518
WNC-32D Deep 12/18/2007 3.8 92.2 29.2 <1 <1 <1 <1 <1 <1
WNC-37SR Shallow 12/20/2007 <1 42.3 59 5.9 1.8 1.4 <1 <1 <1 T12DCE 3.8
WND-03S Shallow 12/17/2007 <1 <1 36.4 <1 <1 1.6 <1 <1 6450 EBN 34.8, TOL 5.8, 

XYLMP 21.5, XYLO 4.2, 
WND-04S Shallow 12/17/2007 <1 131 39.8 <1 2.4 <1 <1 <1 <1

Other Detected 
CompoundsStation ID Well Depth 

Zone
Date 

Collected
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Table 2-7
North Industrial Corridor (NIC) Site

Summary of Methane, Ethane, Ethene,and VOCs Results

PCE TCE C12DCE VC 11DCE 11DCA Ethene Ethane Methan
(µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

Other Detected 
CompoundsStation ID Well Depth 

Zone
Date 

Collected
WND-06S Shallow 12/20/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1
WND-14D Deep 12/18/2007 11 201 61.7 <1 <1 <1 <1 <1 <1
WND-14S Shallow 12/18/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1
WND-21D Deep 12/21/2007 <1 139 45.4 1.5 4 <1 <1 <1 <1 T12DCE 1.0
WND-21S Shallow 12/21/2007 <1 10.8 53.4 <1 1.7 <1 <1 <1 264
WND-22D Deep 12/20/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1
WND-22S Shallow 12/20/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1
WND-23S Shallow 12/17/2007 <1 3.1 1 <1 <1 <1 <1 <1 56.7
WND-32S Shallow 12/18/2007 <1 <1 <1 <1 <1 <1 <1 <1 <1 CFM 3.2
WND-33D Deep 12/12/2007 <1 5.6 40.2 <1 1.4 2.8 <1 <1 140
WND-36D Deep 12/20/2007 <1 27.2 21.8 <1 1.6 1.8 <1 <1 275 BEN 1.7
WND-36S Shallow 12/20/2007 <1 <1 <1 <1 <1 <1 <1 <1 8980 EBN 33.1, TOL 29.6, 

XYLMP 98.7, XYLO 10, 

WND-37DR Deep 12/20/2007 <1 108 56.1 6.3 5.5 3.6 <1 <1 245 T12DCE 1.9
WND-39D Deep 12/21/2007 <1 26.9 42.9 <1 1.2 2.5 <1 <1 146
WND-39S Shallow 12/21/2007 <1 21.4 3.4 <1 <1 <1 <1 <1 <1
WND-40D Deep 12/19/2007 <1 15.2 34.2 <1 <1 <1 <1 <1 <1
WND-41D Deep 12/21/2007 1.6 20.9 4.2 <1 <1 <1 <1 <1 <1
WND-42D Deep 12/19/2007 <1 6 66.8 <1 1.2 1.4 <1 <1 <1 T12DCE 1.2
WND-47D Deep 12/14/2007 9.1 142 58 3.4 3.7 1.4 <1 <1 <1 T12DCE 1.6
WND-47S Shallow 12/14/2007 10.1 76.5 24.8 1 1.3 <1 <1 <1 <1
TW-DRB-MW-11 Shallow 4/24/2008 <1 <1 <1 <1 <1 <1 <1 <1 138 MTBE 24 
TW-NMW-46D Deep 4/24/2008 <1 3.4 8.3 <1 <1 <1 <1 <1 349 MTBE 23.7, EBN 1.4, BEN 

47.1
TW-WND-40S Shallow 4/23/2008 <1 4.7 2.2 <1 <1 <1 <1 <1 <1 111TCA 1.1
Notes:
mg/L = milligrams per liter
μg/L = micrograms per liter

BEN = Benzene EBN = Ethylbenzene VC = Vinyl chloride
11DCA = 1,1-Dichloroethane MTBE = Methyl tert-butyl ether XYLMP = m,p-Xylene
11DCE = 1,1-Dichloroethene PCE = Tetrachloroethene XYLO = o-Xylene
C12DCE = cis -1,2-Dichloroethene TOL = Toluene
T12DCE = trans -1,2-Dichloroethene 111TCA = 1,1,1-Trichloroethane
CFM = Chloroform TCE = Trichloroethene
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Table 2-10
North Industrial Corridor (NIC) Site

MNA Scoring Results of 2007-2008 Groundwater Samples

Temperature pH Chemetrics  
DO        ORP   Fe2+     Alkalinity, 

Total Chloride
Nitrogen, 
NO2 + NO3

Sulfate
Dissolved 
Organic 
Carbon

 (oC) (mg/L) (mV) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
DRB-MW-250 12/13/2007 Shallow 17.4 0 7.08 0 12.58 0 -118.5 2 1.8 3 439 0 36.1 0 0 2 74.4 0 4.4 0
EXC-MW-05B 12/17/2007 Deep 16.2 0 7.13 0 2.00 0 51.3 0 0.2 0 333 0 46.3 0 2.1 0 330 0 1.4 0
EXC-MW-07B 12/17/2007 Deep 15.2 0 7.15 0 2.23 0 1.4 1 0.0 0 320 0 55.3 0 1.3 0 198 0 1.9 0
NMW-05D 12/20/2007 Deep 15.4 0 7.23 0 3.72 0 99.4 0 0.0 0 424 0 50 0 0 2 135 0 1.4 0
NMW-05S 12/20/2007 Shallow 15.9 0 6.95 0 2.77 0 97.2 0 0.0 0 333 0 23.9 0 1.6 0 161 0 2.2 0
NMW-06D 12/13/2007 Deep 16.2 0 7.20 0 3.73 0 40.1 1 0.0 0 426 0 42.9 0 0 2 103 0 4.4 0
NMW-06S 12/13/2007 Shallow 17.7 0 7.21 0 1.28 0 54.5 0 0.0 0 388 0 382 2 0.91 2 66.2 0 5.4 0
NMW-08D 12/12/2007 Deep 15.9 0 7.22 0 2.46 0 14.3 1 0.0 0 399 0 45.5 0 0.91 2 142 0 2.8 0
NMW-08S 12/12/2007 Shallow 16.8 0 6.97 0 2.32 0 39.1 1 0.0 0 338 0 45.3 0 0.95 2 127 0 3.6 0

Well ID Sample 
Date

Field Parameters
Well 

Depth 
Zone

Inorganics

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Valuea

MNA 
Valuec

MNA 
Value

MNA 
Valueb

MNA 
Valuea

Organics

NMW-10D 12/17/2007 Deep 16.2 0 6.98 0 1.85 0 -31.7 1 1.2 3 403 0 60.6 0 0 2 132 0 3.1 0
NMW-10S 12/17/2007 Shallow 16.7 0 7.05 0 1.83 0 -46.3 1 2.2 3 379 0 64.2 0 0 2 113 0 3 0
NMW-14D 12/14/2007 Deep 14.7 0 7.10 0 4.68 0 -58.1 1 2.5 3 304 0 65.6 0 0 2 124 0 1.6 0
NMW-14S 12/14/2007 Shallow 15.1 0 7.20 0 3.63 0 -54.9 1 2.6 3 275 0 65.9 0 0 2 113 0 1.9 0
NMW-18D 12/21/2007 Deep 14.5 0 7.56 0 1.46 0 -67.7 1 0.3 0 319 0 80.8 2 0 2 139 0 2 0
NMW-18S 12/21/2007 Shallow 17.0 0 7.14 0 7.39 0 45.4 1 0.0 0 398 0 97.2 2 1.6 0 161 0 2 0
NMW-19D 12/21/2007 Deep 15.6 0 7.35 0 2.28 0 -8.6 1 0.0 0 440 0 164 2 0.13 2 117 0 3.6 0
NMW-23D 12/19/2007 Deep 15.5 0 7.46 0 1.28 0 -55.3 1 0.0 0 315 0 103 2 0 2 155 0 1.9 0
NMW-23S 12/21/2007 Shallow 17.2 0 7.33 0 1.54 0 64.6 0 0.2 0 362 0 97.7 2 0.86 2 169 0 1.5 0
NMW-25D 12/12/2007 Deep 17.6 0 7.33 0 5.19 0 20.1 1 0.0 0 357 0 114 2 0.34 2 192 0 1.8 0
NMW-25S 12/12/2007 Shallow 18.5 0 7.47 0 5.84 0 62.5 0 0.0 0 392 0 112 2 2.3 0 163 0 1.8 0
NMW-29D 12/12/2007 Deep 16.5 0 7.31 0 3.71 0 32.4 1 0.0 0 411 0 83.6 2 1.4 0 182 0 1.8 0
NMW-29S 12/12/2007 Shallow 17.5 0 7.37 0 4.64 0 39.3 1 0.0 0 340 0 197 2 9.4 0 144 0 1.5 0
NMW-31D 12/14/2007 Deep 15.9 0 7.36 0 3.51 0 8.2 1 0.4 0 346 0 93.8 2 0 2 197 0 1.9 0
NMW 31S 12/14/2007 Sh ll 16 5 0 7 17 0 3 68 0 49 7 1 0 2 0 336 0 75 6 2 1 9 0 125 0 1 6 0NMW-31S 12/14/2007 Shallow 16.5 0 7.17 0 3.68 0 49.7 1 0.2 0 336 0 75.6 2 1.9 0 125 0 1.6 0
NMW-44D 12/13/2007 Deep 15.7 0 7.15 0 1.31 0 3.8 1 0.0 0 306 0 52.1 0 6 0 143 0 1.7 0
NMW-45D 12/17/2007 Deep 14.8 0 7.14 0 1.13 0 -19.9 1 0.4 0 411 0 60.3 0 9.8 0 116 0 3 0
NMW-50D 12/19/2007 Deep 14.6 0 7.34 0 2.70 0 65.4 0 0.0 0 413 0 94.7 2 1.2 0 238 0 1.8 0
NMW-51D 12/13/2007 Deep 16.5 0 7.36 0 4.26 0 65.8 0 0.0 0 471 0 89 2 0.81 2 206 0 2 0
WNC-06D 12/20/2007 Deep 16.5 0 7.31 0 2.69 0 39.4 1 0.0 0 359 0 57.8 0 3.3 0 113 0 1.4 0
WNC-16D 12/20/2007 Deep 15.2 0 7.28 0 1.36 0 -27.4 1 0.4 0 441 0 32.2 0 0 2 105 0 6.4 0
WNC-23D 12/17/2007 Deep 15.3 0 7.62 0 3.44 0 76.8 0 0.2 0 91.1 0 98.6 2 0.93 2 170 0 2.4 0
WNC-32D 12/18/2007 Deep 14.3 0 7.05 0 4.21 0 51.4 0 0.0 0 341 0 68.1 2 1.5 0 143 0 1.9 0
WNC-37SR 12/20/2007 Shallow 15.8 0 7.36 0 3.67 0 56.1 0 0.0 0 332 0 21 0 1.8 0 66 0 2.9 0
WND-03S 12/17/2007 Shallow 16.5 0 7.17 0 15.32 0 -103.1 2 3.1 3 496 0 29.7 0 0 2 21.4 0 2.6 0
WND-04S 12/17/2007 Shallow 17.2 0 7.02 0 13.32 0 82.4 0 0.2 0 342 0 52.5 0 1.7 0 153 0 1.7 0
WND-06S 12/20/2007 Shallow 16.5 0 7.33 0 13.60 0 68.4 0 0.4 0 387 0 50.2 0 4.1 0 76.6 0 1.1 0
WND-14D 12/18/2007 Deep 14.9 0 7.05 0 4.30 0 87.3 0 0.0 0 353 0 67.3 2 0.93 2 180 0 1.1 0
WND-14S 12/18/2007 Shallow 16 5 0 7 19 0 10 37 0 113 2 0 0 2 0 209 0 6 9 0 3 3 0 67 8 0 3 1 0WND-14S 12/18/2007 Shallow 16.5 0 7.19 0 10.37 0 113.2 0 0.2 0 209 0 6.9 0 3.3 0 67.8 0 3.1 0
WND-21D 12/21/2007 Deep 15.9 0 7.06 0 1.36 0 -11.7 1 0.2 0 379 0 44.8 0 2.6 0 154 0 3 0
WND-21S 12/21/2007 Shallow 16.6 0 6.94 0 2.39 0 -67.7 1 2.8 3 419 0 41 0 0 2 151 0 5.1 0
WND-22D 12/20/2007 Deep 14.8 0 7.26 0 5.68 0 47.3 1 0.2 0 274 0 36.2 0 0.48 2 97.7 0 2.1 0
WND-22S 12/20/2007 Shallow 16.1 0 7.09 0 3.83 0 88.3 0 0.0 0 269 0 13.1 0 0.51 2 84.8 0 1.3 0
WND-23S 12/17/2007 Shallow 16.9 0 8.07 0 0 65.1 0 0.4 0 185 0 35.5 0 0.41 2 68.3 0 1.2 0
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Table 2-10
North Industrial Corridor (NIC) Site

MNA Scoring Results of 2007-2008 Groundwater Samples

DRB-MW-250 12/13/2007 Shallow
EXC-MW-05B 12/17/2007 Deep
EXC-MW-07B 12/17/2007 Deep
NMW-05D 12/20/2007 Deep
NMW-05S 12/20/2007 Shallow
NMW-06D 12/13/2007 Deep
NMW-06S 12/13/2007 Shallow
NMW-08D 12/12/2007 Deep
NMW-08S 12/12/2007 Shallow

Well ID Sample 
Date

Well 
Depth 
Zone

Volatile 
Acids, as 

Acetic Acid
PCE TCE C12DCE VC 11DCA BTEX Carbon 

dioxide Ethene Ethane Methane

(mg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (mg/L) (µg/L) (µg/L) (µg/L)
0 0 0 0 0 0 2.1 2 0 0 1.4 2 9.2 0 474 0 0 0 0 0 815 3 14
0 0 0 0 119 0 19.8 2 0 0 0 0 0 0 346 0 0 0 0 0 0 0 2
0 0 0 0 101 0 32.6 2 1.1 2 1 2 0 0 332 0 0 0 0 0 0 0 7
0 0 0 0 1.5 0 3 2 0 0 0 0 0 0 416 0 0 0 0 0 64.2 0 4
0 0 3.6 0 44.3 0 155 2 35.3 2 2.3 2 0 0 377 0 0 0 0 0 0 0 6
0 0 0 0 38.5 0 57.9 2 0 0 4.3 2 0 0 443 0 0 0 0 0 84.5 0 7
0 0 0 0 0 0 0 0 0 0 0 0 0 0 403 0 0 0 0 0 0 0 4
0 0 0 0 202 0 92.3 2 8 2 2.3 2 0 0 401 0 0 0 0 0 0 0 9
0 0 0 0 63.7 0 73.4 2 3 2 1.5 2 0 0 383 0 0 0 0 0 0 0 9

MNA 
Value

MNA 
Value

MNA 
ScoreMNA 

Value
MNA 
Value

MNA 
Value

MNA 
Value

Dissolved Gases

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Valuea

Organics

MNA 
Value

NMW-10D 12/17/2007 Deep
NMW-10S 12/17/2007 Shallow
NMW-14D 12/14/2007 Deep
NMW-14S 12/14/2007 Shallow
NMW-18D 12/21/2007 Deep
NMW-18S 12/21/2007 Shallow
NMW-19D 12/21/2007 Deep
NMW-23D 12/19/2007 Deep
NMW-23S 12/21/2007 Shallow
NMW-25D 12/12/2007 Deep
NMW-25S 12/12/2007 Shallow
NMW-29D 12/12/2007 Deep
NMW-29S 12/12/2007 Shallow
NMW-31D 12/14/2007 Deep
NMW 31S 12/14/2007 Sh ll

0 0 0 0 118 0 96.3 2 6.1 2 2.4 2 0 0 435 0 0 0 0 0 0 0 12
0 0 0 0 102 0 85.1 2 4.8 2 2.5 2 0 0 429 0 0 0 0 0 58.6 0 12
0 0 0 0 1.6 0 104 2 0 0 0 0 0 0 344 0 0 0 0 0 0 0 8
0 0 0 0 0 0 8.5 2 0 0 0 0 0 0 311 0 0 0 0 0 0 0 8
0 0 0 0 0 0 2.3 2 0 0 0 0 0 0 321 0 0 0 0 0 0 0 7
0 0 0 0 0 0 0 0 0 0 0 0 0 0 390 0 0 0 0 0 0 0 3
0 0 0 0 1.9 0 26.3 2 0 0 0 0 0 0 457 0 0 0 0 0 12.6 0 7
0 0 0 0 3.8 0 3.7 2 0 0 0 0 0 0 302 0 0 0 0 0 0 0 7
0 0 0 0 117 0 435 2 0 0 0 0 0 0 364 0 0 0 0 0 41.9 0 6
0 0 0 0 2 0 48.9 2 0 0 0 0 0 0 350 0 0 0 0 0 0 0 7
0 0 0 0 4.8 0 28.2 2 0 0 0 0 0 0 384 0 0 0 0 0 0 0 4
0 0 0 0 10.9 0 23.2 2 0 0 0 0 0 0 414 0 0 0 0 0 0 0 5
0 0 0 0 4.5 0 7.4 2 0 0 0 0 0 0 333 0 0 0 0 0 0 0 5
0 0 93.8 0 184 0 61 2 3.5 2 1.7 2 0 0 348 0 0 0 0 0 0 0 11
0 0 44 2 0 57 7 0 25 1 2 0 0 0 0 0 0 363 0 0 0 0 0 0 0 5NMW-31S 12/14/2007 Shallow

NMW-44D 12/13/2007 Deep
NMW-45D 12/17/2007 Deep
NMW-50D 12/19/2007 Deep
NMW-51D 12/13/2007 Deep
WNC-06D 12/20/2007 Deep
WNC-16D 12/20/2007 Deep
WNC-23D 12/17/2007 Deep
WNC-32D 12/18/2007 Deep
WNC-37SR 12/20/2007 Shallow
WND-03S 12/17/2007 Shallow
WND-04S 12/17/2007 Shallow
WND-06S 12/20/2007 Shallow
WND-14D 12/18/2007 Deep
WND-14S 12/18/2007 Shallow

0 0 44.2 0 57.7 0 25.1 2 0 0 0 0 0 0 363 0 0 0 0 0 0 0 5
0 0 2.4 0 77.2 0 21.2 2 0 0 0 0 0 0 318 0 0 0 0 0 0 0 3
0 0 0 0 14.1 0 11.4 2 0 0 0 0 3.6 0 444 0 0 0 0 0 22.1 0 3
0 0 0 0 16.9 0 12.3 2 0 0 0 0 0 0 405 0 0 0 0 0 0 0 4
0 0 2.1 0 36.4 0 33.8 2 4.6 2 3.2 2 0 0 474 0 0 0 0 0 0 0 10
0 0 0 0 0 0 0 0 0 0 0 0 0 0 361 0 0 0 0 0 0 0 1
0 0 0 0 10.8 0 2.6 2 0 0 0 0 0 0 444 0 0 0 0 0 149 0 5
0 0 0 0 6.5 0 1.9 2 0 0 0 0 0 0 89.3 0 0 0 0 0 518 3 9
0 0 3.8 0 92.2 0 29.2 2 0 0 0 0 0 0 368 0 0 0 0 0 0 0 4
0 0 0 0 42.3 0 59 2 5.9 2 1.4 2 0 0 376 0 0 0 0 0 0 0 6
0 0 0 0 0 0 36.4 2 0 0 1.6 2 71.5 0 515 0 0 0 0 0 6450 3 14
0 0 0 0 131 0 39.8 2 0 0 0 0 0 0 387 0 0 0 0 0 0 0 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 418 0 0 0 0 0 0 0 0
0 0 11 0 201 0 61.7 2 0 0 0 0 0 0 381 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 237 0 0 0 0 0 0 0 0WND-14S 12/18/2007 Shallow

WND-21D 12/21/2007 Deep
WND-21S 12/21/2007 Shallow
WND-22D 12/20/2007 Deep
WND-22S 12/20/2007 Shallow
WND-23S 12/17/2007 Shallow

0 0 0 0 0 0 0 0 0 0 0 0 0 0 237 0 0 0 0 0 0 0 0
0 0 0 0 139 0 45.4 2 1.5 2 0 0 0 0 394 0 0 0 0 0 0 0 5
0 0 0 0 10.8 0 53.4 2 0 0 0 0 0 0 502 0 0 0 0 0 264 0 8
0 0 0 0 0 0 0 0 0 0 0 0 0 0 276 0 0 0 0 0 0 0 3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 291 0 0 0 0 0 0 0 2
0 0 0 0 3.1 0 1 2 0 0 0 0 0 0 186 0 0 0 0 0 56.7 0 4
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Table 2-10
North Industrial Corridor (NIC) Site

MNA Scoring Results of 2007-2008 Groundwater Samples

Temperature pH Chemetrics  
DO        ORP   Fe2+     Alkalinity, 

Total Chloride
Nitrogen, 
NO2 + NO3

Sulfate
Dissolved 
Organic 
Carbon

 (oC) (mg/L) (mV) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Well ID Sample 
Date

Field Parameters
Well 

Depth 
Zone

Inorganics

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Valuea

MNA 
Valuec

MNA 
Value

MNA 
Valueb

MNA 
Valuea

Organics

WND-32S 12/18/2007 Shallow 16.4 0 6.89 0 1.83 0 32.8 1 0.2 0 302 0 46.8 0 17.9 0 105 0 2.7 0
WND-33D 12/12/2007 Deep 15.0 0 7.10 0 12.61 0 56.7 0 0.0 0 523 0 47.2 0 0 2 78.3 0 6.1 0
WND-36D 12/20/2007 Deep 14.7 0 7.21 0 2.86 0 6.8 1 0.0 0 480 0 51.2 0 0.49 2 111 0 6.4 0
WND-36S 12/20/2007 Shallow 15.5 0 7.04 0 5.58 0 -115.4 2 3.2 3 568 0 47.1 0 0.15 2 0 2 13.7 0
WND-37DR 12/20/2007 Deep 14.4 0 7.28 0 3.28 0 52.5 0 0.0 0 365 0 47.2 0 0 2 150 0 2.3 0
WND-39D 12/21/2007 Deep 16.5 0 6.84 0 5.76 0 109.4 0 0.0 0 455 0 68.9 2 0.54 2 82.4 0 4.4 0
WND-39S 12/21/2007 Shallow 16.9 0 6.65 0 0 127.7 0 0.0 0 142 0 25.2 0 4.8 0 25.8 0 1 0
WND-40D 12/19/2007 Deep 18.5 0 7.15 0 2.51 0 39.3 1 0.2 0 394 0 69 2 5.2 0 117 0 2 0
WND-41D 12/21/2007 Deep 18.4 0 7.43 0 13.03 0 64.2 0 0.0 0 325 0 43.1 0 13.5 0 102 0 1.8 0p
WND-42D 12/19/2007 Deep 15.2 0 7.28 0 13.86 0 -56.7 1 1.8 3 373 0 69.4 2 0 2 173 0 2 0
WND-47D 12/14/2007 Deep 17.2 0 7.10 0 6.33 0 59.7 0 0.0 0 333 0 76.1 2 0.91 2 199 0 2.8 0
WND-47S 12/14/2007 Shallow 19.0 0 7.08 0 7.53 0 84.4 0 0.0 0 361 0 66.6 2 7.5 0 225 0 1.8 0
TW-DRB-MW-11 4/24/2008 Shallow 16.4 0 6.69 0 0.75 0 31.7 1 3.4 3 1100 1 230 2 0.51 2 64.2 0 13 0
TW-NMW-46D 4/24/2008 Deep 16.9 0 6.96 0 0.50 0 29.3 1 1.6 3 528 0 67.9 2 0.1 2 41.3 0 5.6 0
TW-WND-40S 4/23/2008 Shallow 18.5 0 6.97 0 0.25 0 19.0 1 1.0 0 389 0 84.8 2 0.68 2 85.1 0 1.5 0

Notes:  
oC = Degrees Celsius
μS/cm = microseimens per centimeter
mg/L = milligrams per liter
μg/L = micrograms per liter
mV = millivolts
NTU = nephelometric turbidity units
NA = Not applicablepp
MNA = Monitored natural attenuation
DO = Dissolved oxygen
ORP = Oxidation-reduction potential

Fe2+ = Ferrous iron
NO2 = Nitrite

NO3 = Nitrate

PCE = Tetrachloroethene
TCE = Trichloroethene
C12DCE = cis -1,2-Dichloroethene
VC = Vinyl chloride
11DCA = 1,1-Dichloroethane
BTEX = Benzene + toluene + ethylbenzene + xylene
a(EPA 1998): Table 2.3 lists the range for the contaminated site as > 2xbackground. The background value was obtained by taking an average of the concentrations
b(ERP 1998): Table 2 3 lists the MNA value for TOC (total organic carbon) Analyzed for DOC (dissolved OC) MNA score calculation assumes the concentration of TOC and DOC are equalb(ERP 1998): Table 2.3 lists the MNA value for TOC (total organic carbon). Analyzed for DOC (dissolved OC). MNA score calculation assumes the concentration of TOC and DOC are equal.
c(EPA 1998): Table 2.3 lists MNA value for only NO3. Analyzed for Nitrogen as NO3 + NO2. MNA score calculation assumes the concentration of NO2 is insignificant
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Table 2-10
North Industrial Corridor (NIC) Site

MNA Scoring Results of 2007-2008 Groundwater Samples

Well ID Sample 
Date

Well 
Depth 
Zone

WND-32S 12/18/2007 Shallow
WND-33D 12/12/2007 Deep
WND-36D 12/20/2007 Deep
WND-36S 12/20/2007 Shallow
WND-37DR 12/20/2007 Deep
WND-39D 12/21/2007 Deep
WND-39S 12/21/2007 Shallow
WND-40D 12/19/2007 Deep
WND-41D 12/21/2007 Deep

Volatile 
Acids, as 

Acetic Acid
PCE TCE C12DCE VC 11DCA BTEX Carbon 

dioxide Ethene Ethane Methane

(mg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (mg/L) (µg/L) (µg/L) (µg/L)

MNA 
Value

MNA 
Value

MNA 
ScoreMNA 

Value
MNA 
Value

MNA 
Value

MNA 
Value

Dissolved Gases

MNA 
Value

MNA 
Value

MNA 
Value

MNA 
Valuea

Organics

MNA 
Value

0 0 0 0 0 0 0 0 0 0 0 0 0 0 361 0 0 0 0 0 0 0 1
0 0 0 0 5.6 0 40.2 2 0 0 2.8 2 0 0 543 0 0 0 0 0 140 0 6
0 0 0 0 27.2 0 21.8 2 0 0 1.8 2 1.7 0 499 0 0 0 0 0 275 0 7
0 0 0 0 0 0 0 0 0 0 0 0 466.4 2 643 0 0 0 0 0 8980 3 14
0 0 0 0 108 0 56.1 2 6.3 2 3.6 2 0 0 367 0 0 0 0 0 245 0 8
0 0 0 0 26.9 0 42.9 2 0 0 2.5 2 0 0 491 0 0 0 0 0 146 0 8
0 0 0 0 21.4 0 3.4 2 0 0 0 0 0 0 196 0 0 0 0 0 0 0 2
0 0 0 0 15.2 0 34.2 2 0 0 0 0 0 0 396 0 0 0 0 0 0 0 5
0 0 1.6 0 20.9 0 4.2 2 0 0 0 0 0 0 351 0 0 0 0 0 0 0 2p

WND-42D 12/19/2007 Deep
WND-47D 12/14/2007 Deep
WND-47S 12/14/2007 Shallow
TW-DRB-MW-11 4/24/2008 Shallow
TW-NMW-46D 4/24/2008 Deep
TW-WND-40S 4/23/2008 Shallow

0 0 0 0 6 0 66.8 2 0 0 1.4 2 0 0 375 0 0 0 0 0 0 0 12
0 0 9.1 0 142 0 58 2 3.4 2 1.4 2 0 0 346 0 0 0 0 0 0 0 10
0 0 10.1 0 76.5 0 24.8 2 1 2 0 0 0 0 390 0 0 0 0 0 0 0 6
0 0 0 0 0 0 0 0 0 0 0 0 0 0 663 1 0 0 0 0 138 0 10
0 0 0 0 3.4 0 8.3 2 0 0 0 0 48.5 0 580 0 0 0 0 0 349 0 10
0 0 0 0 4.7 0 2.2 2 0 0 0 0 0 0 432 0 0 0 0 0 0 0 7

A
P:\2395 - Wichita\Wichita-NIC\54800_Amendment 4_2006_2007\7.0 Reports & Studies\7.3 Feasibility Study\Working Files\NIC FS\Tables\Table 2-10_MNA Score.xls Page 4 of 4



Appendix B 

Field Sampling Plan 



 

  i 
Appx B_NIC MNA_FSP.docx 

Table of Contents 

Appendix B  Field Sampling Plan ............................................................................................................................. 1 

B1 Introduction ................................................................................................................................................................1 

B1.1 Objectives of the Investigation Activities ...................................................................................... 1 

B2 MNA Study Field Investigation Methodologies ...........................................................................................1 

B2.1 Water Level Gauging .............................................................................................................................. 1 

B2.2 Monitoring Well Sampling and Analysis ........................................................................................ 1 

B2.2.1 Volatile Organic Compounds........................................................................................... 4 

B2.2.2 Monitored Natural Attenuation Parameters ............................................................ 4 

B2.2.3 Cometabolic Enzymes ........................................................................................................ 5 

B2.2.4 Compound-Specific Isotopic Analysis ......................................................................... 5 

B2.2.5 Ferrous Iron, Dissolved Analysis .................................................................................. 5 

B2.3 Surface Water Sampling and Analysis ............................................................................................ 5 

B2.4 Direct-push Groundwater Sampling ............................................................................................... 6 

B2.4.1 Volatile Organic Compounds........................................................................................... 7 

B2.4.2 Monitored Natural Attenuation Parameters ............................................................ 8 

B2.4.3 Cometabolic Enzymes ........................................................................................................ 8 

B2.4.4 Compound-Specific Isotopic Analysis ......................................................................... 8 

B2.4.5 Microcosm Testing .............................................................................................................. 8 

B2.4.6 Quality Control Samples .................................................................................................... 8 

B2.5 Monitoring Well/Piezometer Installation .................................................................................... 9 

B2.6 Subsurface Soil Sampling ..................................................................................................................... 9 

B2.6.1 Magnetic Susceptibility Testing ..................................................................................... 9 

B2.6.2 XRF Testing ............................................................................................................................. 9 

B2.6.3 Microcosm Testing .............................................................................................................. 9 

B2.7 Site Management .................................................................................................................................... 10 

B2.7.1 Site Security .......................................................................................................................... 10 

B2.7.2 Site Access ............................................................................................................................. 10 

B2.7.3 Decontamination ................................................................................................................ 10 

B2.7.4 Waste Handling and Disposal ....................................................................................... 11 

B3 Sample Management Procedures and Documentation ........................................................................ 11 

B3.1 Sample Collection................................................................................................................................... 12 

B3.2 Sample Identification ........................................................................................................................... 12 

B3.3 Sample Containers and Preservation ............................................................................................ 12 

B3.4 Sample Custody and Documentation ............................................................................................ 13 

B3.5 Sample Labels .......................................................................................................................................... 14 

B3.6 Sample Shipment ................................................................................................................................... 15 

B3.7 Field Logbook .......................................................................................................................................... 16 

B4 Quality Control Procedures .............................................................................................................................. 16 

B5 Analytical Procedures ......................................................................................................................................... 17 

 

Table B3-1: Analytical Methods, Sample Requirements, Sample Preservation, and Holding Time 

Requirements ............................................................................................................................................................................................. 12 

  



•  Table of Contents 

 

ii   
Appx B_NIC MNA_FSP.docx 

 

 

 

 

 

This page intentionally left blank. 

 

 



 

  B-1 
Appx B_NIC MNA_FSP.docx 

Appendix B  

Field Sampling Plan 

B1 Introduction 
This document serves as the FSP for NIC site GWU1 MNA Study activities described in the work plan.  

Field procedures associated with these activities include the following: 

���� Water level gauging 

���� Monitoring well sampling 

���� Surface water sampling 

���� Groundwater and soil sampling via DPT 

���� Potential monitoring well or piezometer installation via DPT 

The background information for this site is provided in Section 1 of the work plan. 

B1.1 Objectives of the Investigation Activities 

The objectives of the investigation activities are presented below. 

���� Collect data that will facilitate the evaluation of the MNA processes in GWU1 of the NIC site. 

The methodologies that will be used to achieve the objectives are described in Section B2 of this FSP. 

B2 MNA Study Field Investigation Methodologies 
The KDHE CAD1 required a rigorous MNA assessment in GWU1 consistent with KDHE and EPA 

guidance for a period not to exceed two years.  This section describes the field procedures for 

activities associated with the assessment. 

B2.1 Water Level Gauging 

Water level measurements will be collected from targeted monitoring wells by lowering the selected 

electronic water level measuring tape inside the well casing until the audio signal indicates that the 

water level has been reached.  All water levels at the selected wells will initially be collected within a 

24-hour period to facilitate preparation of a water level map.  The tape will be vertically manipulated 

until the water level surface is determined within 0.01 feet and the reading noted.  Water levels for 

wells will be measured from the surveyed measuring point or, if the point is not marked, from the top 

of the casing on the north side.  The water level tape will be wiped with a rag or paper towel soaked 

with a phosphate-free detergent solution as it is being removed from the well casing.  The same 

techniques will be employed for water level measurements made with direct-push rods during 

groundwater sampling efforts by DPT methods. 

B2.2 Monitoring Well Sampling and Analysis 

There are a variety of methods available for sampling monitoring wells including traditional methods 

such as bailer, peristaltic pump, submersible pump, check-valve tool, and low-flow sampling, as well 

as newer no-purge methods such as passive diffusion bags (PDB) and HydraSleeveTM samplers.  KDHE 
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standard operating procedure BER-01 (January 2011) states that “In most wells, groundwater that 

flows within the well screen is typically in equilibrium with surrounding formation groundwater, so 

collection of an undisturbed sample of this water is considered representative.” 

No-purge methods were considered for the MNA Study program; however, PDBs are not feasible for 

the wells which will be sampled for non-VOC parameters.  Samplers such as the HydrasleevesTM likely 

will not individually provide a sufficient volume of water needed for the wells being sampled for both 

VOCs and MNA analyses during Event 1.  In addition, select wells will also be sampled for enzyme and 

isotope analyses.  The selected no-purge samplers could be set in clusters or in series within the 

affected wells but this is not always feasible given the volumes needed for the additional analyses.  For 

these reasons and because it has not yet been determined which wells should be in the long-term 

monitoring [sampling] program for the NIC site, it is not deemed cost effective to procure tethers, 

weights, and samplers for the larger diameter wells (2-inch or above).  Therefore, the small diameter 

wells (e.g., 1-inch) will be purged by peristaltic pump (at low flow) with sampling as described below.  

Historically, the water table in the investigation area has been less than 20 feet bgs so using the 

peristaltic pump should not be an issue.  The 2-inch diameter wells will also likely be purged by 

peristaltic pump but may be purged by bailer or submersible pump as needed.  Use of a pump or bailer 

will also allow the collection of field parameters during purging.  These field parameters will assist in 

the MNA evaluation. 

The general procedure for well sampling during the MNA program is: 

���� A decontamination, sample preparation, and support area will be set up at the wellhead.  All 

non-dedicated equipment and instruments that will be placed into the well casing or come in 

contact with water samples, not including purge water, will be decontaminated.  

Decontamination procedures are described in Section B2.7.3. 

���� Using a decontaminated water level indicator, the water level in each well will be measured as 

described in Section B2.1.  To determine the height of water in the well casing, the depth to 

water (DTW) value is subtracted from the total well depth (TD).  A well volume (casing), in 

gallons, is calculated using the formula: 

π * r2 * h * 7.48 gal/ft3 

where: π = 3.1416 

 r = well casing radius, in feet 

 h = height of water column, in feet, = TD - DTW 

���� The pump, tubing, or bailer will be lowered to the approximate center of the screened interval 

of the well for both purging and sampling activities.  A minimum of three well casing volumes of 

water will be purged, with exceptions made for wells that are purged to dryness.  A well will be 

considered "dry" if less than 10% of the original volume of water remains in the well after 

purging.  If a well does purge dry, sampling will commence once the well has recovered 

sufficient volume to collect the required sample volume. 

���� Temperature, pH, conductivity, dissolved oxygen, and redox potential will be monitored during 

the purging activities using a flow-through cell multi-parameter meter; turbidity will also be 

monitored by visual estimate.  If a bailer is used for purging, water from the bailer will be 

placed in the readings cup at the intervals discussed below and a “static” reading collected.  In 

this case, results for dissolved oxygen will biased high due to exposure to ambient air and will 
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not be considered representative of aquifer conditions; therefore, bailing will only be done if 

other purge methods are insufficient. 

The stability of field parameters is the best indication that the water being sampled is 

representative of the groundwater in the aquifer.  Field parameters will therefore generally be 

allowed to stabilize prior to sampling, up to a purge of a maximum of five casing volumes or 

unless a well is purged dry.  All measurements will be recorded in the field book/form.  

Calibration and operating procedures for each field instrument will be performed as specified in 

the manufacturers’ operation manual for each instrument.  The water quality measurements 

will be made at approximately the following frequency: first reading at one-half the total purge 

volume, second reading at three-quarters of the total purge volume, and third reading at the 

end of the total purge volume.  Field parameters are likely to be stabilized at this point; 

however, if the parameters are not stabilized, purging will continue (up to a maximum of five 

casing volumes) with readings collected at intervals equating to one-quarter of the total purge 

volume.  For example, for a well with a 6-gallon total purge (3 casing volumes), the first reading 

will be collected at 3 gallons, the second reading at 4.5 gallons, and the third reading at 6 

gallons.  If needed, subsequent readings will be collected at 7.5 and 9 gallons.  Field parameters 

will be considered to be stabilized once three consecutive measurements are within the 

following criteria for each parameter or after a maximum of five total well casing volumes have 

been removed.  Parameter stability criteria are: 

- pH ±0.1 s.u. 

- Conductivity ±10% 

- Temperature ±1°C 

- Dissolved oxygen ±10% 

- Redox potential (ORP) ±10 mV 

���� Water derived from purging efforts will either be containerized or disposed in the vicinity of the 

well as discussed in Section B2.7.4. 

���� Samples will be collected as soon as possible after purging and final field measurements are 

complete (within a maximum of 24 hours after purging if a well is purged dry).  Sampling 

personnel must wear appropriate gloves while collecting the samples and gloves must be 

changed between sample locations/wells to minimize the possibility of cross-contamination.  If 

purging and sampling by bailer, the sample will be collected by pouring from the top of the 

bailer into the sample container taking care to minimize volatilization.  For bailer samples, VOC 

samples will be collected first.  For VOCs samples when purging by pump, it is preferable to 

crimp and remove the tubing from the borehole; the groundwater sample is then collected via 

gravity drain from the bottom of the tubing by un-crimping the tubing and slowly filling the 

sample containers.  When using the pump, samples for non-volatile compounds will be collected 

first directly from the clean/decontaminated discharge line on the pump; i.e., water for non-

volatile compounds will be pumped or pushed via check valve directly into the sample 

container.  If flow from the pump can be reduced so the flow rate does not exceed 

approximately 200 mL/minute (to minimize potential volatilization of the sample), containers 

for the VOCs or semi-volatile compounds, such as TPH-GRO, samples may be filled from the 

discharge line.  Otherwise the non-volatile containers will be filled first and then the crimp, pull, 

and gravity drain method will be used to collect the volatile samples. 
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Samples will be collected in appropriate clean, laboratory-supplied containers which are pre-

preserved as necessary.  For example, containers for VOCs analysis will be pre-preserved with 

hydrochloric acid (HCl).  Samples containers and preservatives are discussed in Section B3.3.  Samples 

will be analyzed for select parameters by the appropriate analytical laboratory as discussed below.  

Analyses for each sample location are provided in Table 2-2 of the work plan. 

All samples will be labeled and immediately placed in a cooler containing ice.  The necessary QC 

samples will also be collected and prepared.  QC samples will consist of field duplicates, matrix spike 

(MS)/matrix spike duplicate (MSD) samples, decontamination rinsate blanks (if non-dedicated 

equipment is used), and trip blanks.  Field duplicate, MS/MSD, and rinsate samples will be collected at 

the frequencies discussed in the QAPP.  Where non-dedicated equipment is used, rinsate blanks will 

be collected from the final distilled water decontamination rinse of the tool.  A trip blank will be 

submitted with each cooler shipment of VOC samples. 

All samples will be logged in the field book/form.  Chain-of-custody and any other necessary 

documentation will be prepared.  All samples will be held in iced coolers until shipment to the offsite 

analytical laboratories. 

If free product is present in a monitoring well, the well may not be sampled.  If a decision is made to 

still try to sample the well, the well will be sampled using a disposal bailer with a bottom check valve.  

The bailer will be lowered to the approximate center of the monitoring well during purging and 

sampling activities.  After purging and prior to sampling, the bailer will be lowered back into the well 

and secured at a depth equivalent to the center of the well screen.  The bailer will be left in place and 

the well will be allowed to recover for at least 10 minutes to allow any product that may have been 

emulsified during purging to separate back into a free phase.  The sampling objective is to identify the 

degree of dissolved phase contamination in the groundwater.  The bailer will then be carefully 

extracted and the water sample collected.  All bailers or tubing used for sampling wells with product 

must be dedicated or disposed.  No bailers or tubing for product sampled wells will be reused at other 

locations. 

B2.2.1 Volatile Organic Compounds 

Groundwater samples will be collected from designated monitoring wells and sent to an offsite 

laboratory for analysis of VOCs by Method 8260B.  Samples for VOCs analysis will be collected in 

appropriate clean, laboratory-supplied containers, and pre-preserved with HCl prior to sampling.  VOC 

containers will be filled, allowing no headspace, the cap will be put on, and the container will be 

inverted and tapped lightly to check for bubbles.  If bubbles are present, the cap will be removed, 

additional volume sample added to top off the VOC vial, and the sealing process repeated.  If more 

than 5 ml of additional volume is required, the sample will be discarded and a new sample container 

will be filled. 

B2.2.2 Monitored Natural Attenuation Parameters 

Samples will be collected from select monitoring wells and sent to an offsite laboratory for analysis of 

MNA parameters (listed under the “Laboratory Parameters for Groundwater” section in Table 2-1 of 

the work plan).  Groundwater from the selected wells will be filtered, if needed, and placed in clean, 

laboratory-supplied containers appropriate for each analysis.  The need for filtering will be based on 

the turbidity of the water; i.e., if the water appears visually clear, no filtering will be performed.  If 

filtering is needed, the water will be filtered using a 0.45 µm filter place in line with the peristaltic 

pump outflow side and provided all of the tubing in the sample train is dedicated/new.  Where 
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appropriate, the laboratory will provide pre-preserved sample containers; preservatives and 

containers are discussed in Section B3.3. 

B2.2.3 Cometabolic Enzymes 

Whole groundwater samples will be collected from select wells and sent to an offsite laboratory for 

analysis of cometabolic enzymes.  A field sampling protocol from the laboratory is provided in 

Attachment 1 of this FSP for reference; however, the general field sampling procedures described in 

this document supersede those described in the protocol.  For example, it is anticipated that a 

peristaltic pump will be used to purge wells instead of the submersible pump described in the 

protocol; DPT locations will be purged by peristaltic to check valve.  Groundwater from the selected 

locations will be placed in clean, laboratory-supplied containers appropriate for the analysis.  The 

samples should be collected using low flow, 100 to 200 mL/min, in order to minimize turbulence and 

unnecessary exposure to the atmosphere during filling.  Containers will be filled, allowing no 

headspace, and the cap will be put on.  Samples will then be labeled per this FSP and placed in a 

sealable plastic baggie per the laboratory protocol.  The bagged samples will then be placed in a 

chilled cooler (ice is accepted but the laboratory prefers blue ice or frozen gel packs).  During 

shipment to the laboratory, all bottles should be placed upright in the chilled cooler and packed 

tightly.  The samples must be shipped on the same day as collection to arrive at the laboratory by 10 

am the following day. 

B2.2.4 Compound-Specific Isotopic Analysis 

Samples will be collected from select wells and sent to an offsite laboratory for analysis of carbon 

isotopes.  Attachment 2 of this FSP provides laboratory-specific information on collecting samples for 

CSIA.  In general, methods similar to the standard methods for collecting VOCs samples will be used.  

Groundwater from the selected locations will be placed in clean, laboratory-supplied containers 

appropriate for the analysis.  The samples should be collected using low flow in order to minimize 

turbulence and unnecessary exposure to the atmosphere during filling.  Containers will be filled, 

allowing no headspace, and the cap will be put on.  Samples will then be labeled and placed in a cooler 

on ice. 

B2.2.5 Ferrous Iron, Dissolved Analysis 

Samples will be collected from select wells and analyzed in the field using a Hach test kit.  . 

Attachment 3 of this FSP provides instructions for using the Hach test kit. 

B2.3 Surface Water Sampling and Analysis 

Surface water samples will be collected from select locations utilizing either direct sample collection 

or via peristaltic pump.  Sampling will be conducted from downstream to upstream locations to 

minimize effects of soil and water disturbance related to the sampling.  Sampling personnel must wear 

appropriate gloves while collecting the samples and gloves must be changed between sample 

locations to minimize the possibility of cross-contamination.  The sampling procedures are provided 

below.  The surface water samples will be analyzed for VOCs by Method 8260B. 

Upon arrival at the surface water sampling location and prior to sample collection, field staff will 

check for nearby storm drains and determine if there is any flow from the drain(s) to the channel.  If 

no storm drain flow is present, the sample location will be in the area of flow which appears to 

provide the greatest degree of cross-sectional homogeneity or as near the center of the channel as is 

feasible.  Surface water samples will not be collected within 48 hours following a rain event of 0.25 

inches or more.  However, if storm drain flow is present, the sample location will be selected in the 
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area of greatest apparent homogeneity but outside of the storm drain flow.  This location will be 

upstream of the storm drain if possible.  A sample may also be collected from the storm drain outlet, at 

the discretion of the field team leader, to help determine if the storm drain flow is influencing surface 

water results. 

Direct Sampling 

The preferred method of sample collection is to wade to the sample location and collect the sample by 

hand.  Surface water samples may be collected by directly submerging the sample bottle such that the 

intake is between 2 to 5 inches below the water surface; however, submerging the bottle is likely to 

rinse the preservative from the bottle.  Samples collected by submergence where the preservative is 

washed out must be considered unpreserved and need to be analyzed within the shortened holding 

time for the affected analytes (e.g., seven days for VOCs). 

To collect the sample, place the sample bottle(s) under the water surface before removing the cap.  

Once submerged, the cap may be removed; the open end of the bottle must be pointed in the upstream 

direction and be upstream of the sample person’s body.  Replace the cap once the sample bottle is 

filled but prior to surfacing the bottle.  VOC sample bottles must be completely filled and, preferably, 

should be sealed with no headspace while still submerged.  When submerging and surfacing the 

bottle, care should be taken to minimize surface disturbance. 

If water depth is insufficient to allow the bottle to be completely filled while below the water surface 

or to avoid washing out the preservative, the water sample may be collected utilizing a clean cup, or 

similar, to transfer water to the bottle.  If using a transfer cup, the sampler will face upstream and care 

should be taken to minimize volatilization.  Alternatively, samples may be collected using a pump and 

clean/dedicated tubing as discussed below. 

Peristaltic Sampling 

Surface water samples may be collected via a pump and clean/dedicated polyethylene tubing.  The 

tubing intake should be placed at least two inches below the water surface.  For surface water samples 

collected for VOC analyses, the pump will be run until flow is established through the length of the 

tubing.  Once flow is established, samples may be collected directly from the clean/decontaminated 

discharge line on the pump provided that the flow from the pump does not exceed approximately 200 

mL/minute, so that potential volatilization of the sample is minimized.  Alternatively, the tubing may 

be crimped on the uptake side of the pump and the tubing pulled back from the surface water while 

keeping the crimp intact.  In this situation, the surface water will be collected into the sample 

container(s) by releasing the crimp and allowing the water to drain via gravity from tubing into the 

containers.  If a surface water sample is collected for non-volatile analytical parameters, the sample 

can be collected as a midstream sample from the discharge end of the pump tubing provided that all 

tubing in the sampling train is new/dedicated or has been properly decontaminated. 

B2.4 Direct-push Groundwater Sampling 

Many groundwater samples will be collected using DPT.  Samples will be analyzed for select 

parameters by the appropriate analytical laboratory as discussed below.  Analyses for each sample 

location are provided in Table 2-2 of the work plan. 

DPT groundwater sampling will utilize a DPT groundwater sampler consisting of a 3.8-foot drop 

screen equipped with a retractable protective sleeve that prevents smearing of soils onto the screen 

during advancement of the probe.  For each sample, the drop-screen sampler will be driven to the 
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target sampling depth and the rod string will be pulled up four feet to retract the protective sleeve 

with the screen remaining at the target sampling depth.  The retracted protective sleeve will form a 

mechanical annular seal above the sampling interval.  New polyethylene tubing will be lowered into 

the screen interval at each sample depth and groundwater will be purged by gently surging a check 

valve attached to the bottom of the tubing.  Tubing of the size 0.375” O.D. and 0.25” I.D. typically has a 

volume of 10 mL/ft.  One purge volume is considered the length of tubing down the hole, thus a 

sample depth of 20 feet would have a 200 mL total purge volume.  Provided that aquifer yield is 

available, a minimum of one liter and a maximum of four liters of groundwater will be purged prior to 

sampling to ensure that a representative aquifer sample is being collected.  This purge volume will be 

implemented during the sampling of any depth interval. 

The tubing will then be crimped and removed from the borehole.  The groundwater sample will be 

collected from the bottom of the tubing by removing the check valve, un-crimping the tubing, and 

slowly filling each sample container via gravity drain.  Duplicate and co-located samples will be 

collected by continuing to fill containers from the tubing.  If necessary, the tubing will be reinserted 

down the direct-push rods and another sample volume collected.  Sampling personnel must wear 

appropriate gloves while collecting the samples and gloves must be changed between sample 

locations to minimize the possibility of cross-contamination. 

Sampling Depths 

The saturated thickness of the aquifer within the NIC site typically ranges from 10 to 30 feet.  Deep 

groundwater samples will be taken by advancing the probe rod string to refusal (assumed to be the 

bedrock surface) and attempting to collect a water level.  If groundwater is not present at the deepest 

interval, the sampler will be assumed to be within a non-water bearing weathered bedrock zone and 

the sampler will be raised four feet.  This process will be repeated until the first water-bearing interval 

is encountered.  At the first water-bearing interval where a groundwater sample will be collected, the 

total depth of the probe rods will be verified using a downhole measuring tape.  Once the total depth 

has been verified, the sample interval will be purged and a sample will be collected.  Groundwater will 

be purged prior to sampling using polyethylene tubing as described above.  Water levels and sample 

intervals will be recorded in the field book/form.  The water level measurement will also be used to 

help determine the sample depth for the next shallower targeted sample interval. 

Each next shallower targeted interval will be sampled by retracting the sampler to the target depth.  

The intermediate and shallow depths will be estimated by counting removal of the probe rods; depths 

will not be verified by measuring tape.  The most shallow target depth is currently anticipated to be at 

or immediately below the water table surface.  At some locations, an intermediate zone may also be 

targeted for sampling.  New polyethylene tubing is to be used for each sample depth. 

B2.4.1 Volatile Organic Compounds 

Samples will be collected and sent to an offsite laboratory for analysis of VOCs by Method 8260B.  

Samples for VOCs analysis will be collected in appropriate clean, laboratory-supplied containers, and 

pre-preserved with HCl prior to sampling.  VOC containers will be filled, allowing no headspace, the 

cap will be put on, and the container will be inverted and tapped lightly to check for bubbles.  If 

bubbles are present, the cap will be removed, additional volume sample added to top off the VOC vial, 

and the sealing process repeated.  If more than 5 ml of additional volume is required, the sample will 

be discarded, and a new sample container will be filled.  Samples will immediately be labeled and 

placed in a cooler containing ice. 
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B2.4.2 Monitored Natural Attenuation Parameters 

Samples will be collected from select locations and sent to an offsite laboratory for analysis of MNA 

parameters (listed under the “Laboratory Parameters for Groundwater” section in Table 2-1 of the 

work plan).  Groundwater from the selected locations will be filtered, if needed, and placed in clean, 

laboratory-supplied containers appropriate for each analysis.  The need for filtering will be based on 

the turbidity of the water; i.e., if the water appears visually clear, no filtering will be performed.  If 

filtering is needed, the water will be filtered using a 0.45 µm filter place in line with the peristaltic 

pump outflow side and provided all of the tubing in the sample train is dedicated/new.  Where 

appropriate, the laboratory will provide pre-preserved sample containers; preservatives and 

containers are discussed in Section B3.3.  Water for non-volatile compounds will be pumped or 

pushed via check valve directly into the sample container.  Water for volatile or semi-volatile 

compounds, such as TPH-GRO, will be transferred to the sample containers using low-flow or the 

crimp, pull, and gravity drain methodology.  Samples may be poured from the top of the bailer if a 

bailer is used for purging.  Samples will then be labeled and placed in a cooler on ice. 

B2.4.3 Cometabolic Enzymes 

Samples will be collected from select locations and sent to an offsite laboratory for analysis of 

cometabolic enzymes.  Groundwater from the selected locations will be placed in clean, laboratory-

supplied containers appropriate for the analysis.  The samples should be collected using low flow, 1 to 

4 L/min, in order to minimize turbulence and unnecessary exposure to the atmosphere during filling.  

Containers will be filled, allowing no headspace, and the cap will be put on.  Samples will then be 

labeled and placed in a cooler on ice.  During shipment to the laboratory, all bottles should be placed 

upright in the cooler. 

B2.4.4 Compound-Specific Isotopic Analysis 

Samples will be collected from select locations and sent to an offsite laboratory for analysis of carbon 

isotopes.  Groundwater from the selected locations will be placed in clean, laboratory-supplied 

containers appropriate for the analysis.  The samples should be collected using low flow in order to 

minimize turbulence and unnecessary exposure to the atmosphere during filling.  Containers will be 

filled, allowing no headspace, and the cap will be put on.  Samples will then be labeled and placed in a 

cooler on ice. 

B2.4.5 Microcosm Testing 

Groundwater samples will be collected from two locations for use in the microcosm studies.  The 

samples will be sent to CDM Smith’s treatability laboratory, along with the soil samples collected as 

described in Section B2.6.2.  The groundwater will be collected from the deep monitoring wells 

adjacent to the soil sampling locations.  A description of the microcosm testing is provided in 

Appendix D. 

B2.4.6 Quality Control Samples 

QC samples to be collected during the DPT sampling program will consist of field duplicates, MS/MSD 

samples, decontamination rinsate blanks (for non-dedicated equipment), and trip blanks.  Field 

duplicate and MS/MSD samples will be collected at the frequencies discussed in the QAPP.  Rinsate 

blanks will be approximately once per day for an average of one rinsate per twenty samples.  The 

rinsate blanks will be collected from the final distilled water decontamination rinse of the drop screen 

tool or other non-dedicated equipment.  A trip blank will be submitted with each cooler shipment of 

VOC samples. 
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B2.5 Monitoring Well/Piezometer Installation 

At this time, CDM Smith does not anticipate installing monitoring wells during the course of the 

investigation.  Temporary piezometers may be used if needed to facilitate sample or water level 

collection.  If used, piezometers will consist of 1-inch diameter polyvinyl chloride (PVC) casing with 10 

feet of 0.010-inch slot PVC screen.  The alluvial material will be allowed to collapse around the PVC 

casing.  The casing will be placed in the DPT borehole for the duration necessary to obtain the water 

level or groundwater sample and will then be removed and disposed. 

B2.6 Subsurface Soil Sampling 

Subsurface soil samples will be collected at six locations for magnetic susceptibility and x-ray 

fluorescence spectrometry (XRF) testing.  Soils from two of these locations will be composited for use 

in the biogeochemical laboratory (microcosm) study.  Soil borings will be advanced to the target 

depths using a DPT rig.  Following sample collection, all borings will be backfilled with hydrated 

bentonite chips. 

B2.6.1 Magnetic Susceptibility Testing 

Soil samples from six locations (Section 2.1.2 of the work plan) will be collected for magnetic 

susceptibility testing.  The more permeable aquifer material (e.g., sands) is where the groundwater 

migrates and contains the chlorinated hydrocarbons; therefore, samples for magnetic susceptibility 

testing will be collected from within the saturated zone at each of the six locations.  The sandy 

material will be collected in continuous samples using DPT.  Due to the unconsolidated nature of the 

aquifer sands, soil may be collected using a Macrocore® soil sampler with an acetate liner, a large bore 

soil sampler, or a dual tube system.  Once each sample barrel is retrieved from the borehole, the 

sampler will be opened and the onsite geologist will record Unified Soil Classification System (USCS) 

observations and other physical observations such as soil staining or obvious odor in the field 

book/form.  Soil samples will then be collected from the barrels in approximate 2-foot intervals, 

placed in sealable baggies, and shipped to CDM Smith’s treatability laboratory.  Based on geologic 

information from the RI report, approximately 70 soils samples will be collected and sent to the 

laboratory.  At the laboratory, the soil samples will be processed for magnetic susceptibility, XRF, and 

microcosm testing as described in Appendix D. 

CDM Smith’s treatability laboratory anticipates using a KT-10 instrument to perform the magnetic 

susceptibility analysis.  Information on this instrument is provided in Attachment 3 of the QAPP 

(Appendix C).  The KT-10 meter is easy to use.  Soil to be tested is placed in an inert container and the 

magnetic susceptibility is read by holding the intake of the meter against the sample.  The following, 

short YouTube video demonstrates use of the KT-10 meter: 

https://www.youtube.com/watch?v=xNbAJtNXCuU.  The meter will be operated in accordance with 

the manufacturer’s operating manual. 

B2.6.2 XRF Testing 

Soils will be tested for iron content using XRF technology.  This will be done at CDM Smith’s 

treatability laboratory using a portion of the soil samples that were collected in Section B2.6.1.  A 

procedure for the XRF testing is provided in Appendix D (SOP 1-15). 

B2.6.3 Microcosm Testing 

Based on results from the magnetic susceptibility and XRF testing, select soil samples (from those 

already collected in Section B2.6.1) will be composited for use in the microcosm studies.  Groundwater 
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will also be collected for the microcosm studies; groundwater sampling for this purpose is described 

in Section B2.4.5.  Information on the soil preparation and microcosm setup activities is provided in 

Appendix D. 

B2.7 Site Management 

This section addresses the activities associated with site management during the field activities.  The 

activities include site access, site security, general operational plans, contingency plans, and site 

logistics. 

B2.7.1 Site Security 

The study area lies in an urban area with many individual property owners.  Many of the sampling 

locations will be on unsecured public or private property.  All appropriate measures will be taken to 

assure that data collection efforts are consistent with site protocols, the health and safety plan, and 

any special provisions contained in access agreements with property owners.  The responsibility for 

implementing these protocols will rest with the field team leader (FTL).  These activities and protocols 

will be adhered to by the field investigation team under the guidance of the FTL.  Any deviations from 

the work plan will be reported to the FTL and deviations not consistent with site access or security 

restraints will be appropriately addressed. 

A staging area (central staging facility) may be established for the storage of materials and equipment, 

centralized decontamination operations (Section B2.7.3), and temporary storage and treatment of 

wastes (Section B2.7.4).  The location of this area will be determined by CDM Smith and City 

personnel; however, the staging area is assumed to be in the immediate vicinity of the study area and 

will likely be on City property. 

B2.7.2 Site Access 

It is the ultimate responsibility of the City to obtain site access.  It will be the responsibility of the FTL 

to assure that site access has been obtained prior to entry of individual parcels by the project team 

and subcontractor personnel conducting data collection activities.  The FTL will issue advance notice 

of upcoming site activities to the City to facilitate community relations coordination and notification to 

the owners of each site as appropriate.  In addition, permission will be obtained from each owner, as 

appropriate, to conduct activities on the site, under terms of site access agreements negotiated by the 

City. 

The site investigation activities may require access to potable water or electrical power.  The project 

team will utilize these onsite services only with the permission of the owner or his representative.  

Lacking such permission, they will be provided by portable generator, tanks, or imported via hoses 

and extensions, as appropriate. 

B2.7.3 Decontamination 

All equipment used for drilling, direct-push, well installation, and other activities will be thoroughly 

decontaminated between each boring.  In addition, all sample collection equipment will either be 

dedicated or will be decontaminated between each sample location.  Decontamination will consist of a 

thorough cleaning using a high pressure, hot water washer, and potable water.  For small equipment, 

such as trowels, buckets, etc., decontamination may be accomplished by washing in a solution of 

potable water and laboratory grade detergent, followed by a potable water rinse, and a triple rinse 

with store-purchased distilled water.  Large-scale decontamination operations (i.e., drilling rigs, etc.) 

may be conducted at a decontamination area established at the staging facility, assumed to be 
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somewhere in the NIC site.  Small-scale decontamination operations (i.e., individual sample utensils, 

direct-push probe rods, etc.) will be performed in the work area.  Disposal of decontamination 

solutions is discussed in Section B2.7.4.3. 

B2.7.4 Waste Handling and Disposal 

Site management also includes activities associated with the storage and disposal of drill cuttings, well 

purge waters, decontamination fluids, and contaminated personal protective and sampling equipment.  

These materials will be handled as described in following sections.  The City will be responsible for 

proper disposal of all drill cuttings and other wastes generated during the field activities, if necessary. 

B2.7.4.1 Soil 

Drill cuttings will be placed in drums or other suitable containers, transported to the staging area, 

labeled, and stored for proper disposal by the City based on results from the corresponding soil 

sample analyses. 

B2.7.4.2 Water 

Water derived from DPT sampling efforts is expected to be less than five gallons for each borehole and 

will be disposed of in the vicinity of the work area as de minimus waste.  Contaminated water 

generated from the development, purging, and sampling of each monitoring well that does not exceed 

five gallons in volume will be treated as de minimus material and will be disposed in the vicinity of the 

well.  Larger volumes of contaminated water will be collected, containerized, and transferred to the 

holding tank at the City’s Environmental Health office pending analytical results.  Following receipt of 

the analytical results, the containerized water will be discharged to the sanitary sewer system 

provided it meets all requirements of the local Publicly-owned Treatment Works (POTW); if 

necessary, it will be treated prior to discharge. 

B2.7.4.3 Decontamination Fluids 

Decontamination fluids generated at the work area and waste fluids that do not exceed five gallons in 

volume will be treated as de minimus material and will be disposed in the vicinity of the work area.  

Larger volumes of waste fluids will be collected, containerized, and transferred to the holding tank at 

the City’s Environmental Health office pending analytical results.  Following receipt of the analytical 

results, the containerized water will be discharged to the sanitary sewer system provided it meets all 

requirements of the local POTW; if necessary, it will be treated prior to discharge.  Fluids containing 

significant amounts of solids will be decanted prior to disposal.  Solid material and sludge remaining 

after decantation will be disposed as appropriate by the City.  Solid material and sludge remaining 

after decantation will be handled as described in Section B2.7.4.1. 

B2.7.4.4 Protective Clothing and Debris 

All gloves, tubing, paper towels, and other miscellaneous items will be contained in plastic trash bags 

after large soil particles are removed and disposed of as general refuse.  Any materials impacted by 

free product or oily residue will be placed in 55-gallon drums and retained for proper disposal by the 

City. 

B3 Sample Management Procedures and Documentation 
The following sections discuss various sample management procedures that will be followed during 

the field investigation activities.  Included in this section are procedures for sample collection (Section 

B3.1), sample identification (Section B3.2), sample containers and preservation (Section B3.3), chain-
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of-custody documentation (Section B3.4), sample labeling (Section B3.5), sample packaging and 

transportation (Section B3.6), and field books (Section B3.7). 

B3.1 Sample Collection 

Samples will be collected during the field investigation program as described in Section B2. 

B3.2 Sample Identification 

To allow tracking and retrieval of information concerning a particular sample and assure that each 

sample is uniquely identified, a coding system will be used to identify each sample collected during 

this investigation.  Each sample will be identified by site number, sample media type, location type or 

station, depth interval (if applicable), and date.  The site identification for all samples collected during 

this investigation will have a prefix assigned based upon the investigation being conducted. 

A typical sample number may be: 

GPW-MNA-01-16’-120114   or   GW-NMW-02S-120114 

where: GPW/GW = sample media; 

 MNA-01/NMW-02S = sample location; 

 16’ = bottom of DPT screen interval; and 

 120114= date of sample location 

The first example above would be for a DPT groundwater sample collected at MNA Study Station 01 

from a depth interval of 12-16 feet bgs, collected on December 01, 2014.  The second example would 

be a groundwater sample collected from shallow NIC monitoring well NMW-02S on December 01, 

2014. 

Identification codes for sample media type designations will be as follows: 

���� GPS = Direct-push soil sample 

���� GPW = Direct-push groundwater sample 

���� GW = Groundwater (via well) 

���� SW = Surface water 

B3.3 Sample Containers and Preservation 

All sample containers used will be pre-cleaned and include appropriate documentation from the 

analytical laboratory in accordance with EPA protocols.  Appropriate sample containers and 

preservatives will be used depending on the type of media being sampled and the analyses requested.  

Sample container and preservation, volume, and holding time requirements for water and soil 

matrices have been summarized in Table B3-1.  All samples collected for offsite analysis will be 

shipped to an appropriate offsite laboratory for analysis within designated holding times. 

Table B3-1 Analytical Methods, Sample Requirements, Sample Preservation, and Holding Time 
Requirements 

Analytical Parameter 
Sample 
Matrix Analytical Method Preservative Holding Time 

Container/Volume 
Requirement 

Volatile Organic 
Compounds [VOCs] 

Water SW-846 Method 
8260B,C 

Cool to 4oC, HCl 
to pH <2 

14 days, 
7 days1 

3 x 40 mL glass vial w/ 
Teflon cap 
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Analytical Parameter 
Sample 
Matrix Analytical Method Preservative Holding Time 

Container/Volume 
Requirement 

Alkalinity Water EPA MCAWW, 310.1 
or SM 2320 

Cool to 4°C 14 days 1 x 500 mL plastic 

Carbon dioxide Water ASTM 513-11e1 or 
equivalent 

Cool to 4°C 7 days 3 x 40 mL glass vial w/ 
Teflon cap 

Carbon isotopes Water Gas chromatograph-
isotope ratio mass 
spectrometer (GC-

IRMS) 

Cool to 4°C, HCl 
to pH <2 

Analyte 
dependent, 
28 days or 

more 

4 x 40 mL glass vial w/ 
Teflon cap 

Chloride Water EPA 300 Cool to 4°C 28 days 1 x 250 mL plastic 

Cometabolic enzymes Water Epifluorescent 
microscopy 

Cool to 4°C 24 hours2 1 x 1 L HDPE bottle 

Magnetic 
susceptibility 

Soil Oscillator frequency 
measurement 

Cool to 4°C 2 weeks Minimum 10 cc 
polystyrene bottle w/ 
snap cap 

Methane, Ethane, 
Ethene 

Water SW-846 method 
3810 modified 

Cool to 4°C 7 days 3 x 40 mL glass vial w/ 
Teflon cap  

Nitrate+Nitrite Water EPA 300 Cool to 4°C, 
H2SO4 to pH <2 

28 days 1 x 250 mL plastic 

Sulfate Water EPA 300 Cool to 4°C 28 days 1 x 500 mL plastic 

Total Kiehldahl 
nitrogen 

Water EPA 351.2, 351.4 Cool to 6°C, 
H2SO4  to pH <2 

28 days 1 x 250 mL plastic 

Total petroleum 
hydrocarbons, 
gasoline & diesel 
range organics 

Water SW-846 8015B,C,D Cool to 4°C, 
H2SO4  to pH <2 

14 days3 1 x 1 L amber glass 
bottle w/ Teflon cap for 
DRO, 3 x 40 mL glass 
vials w/ Teflon cap for 
GRO 

Total organic carbon Water SW-846, 9060 Cool to 4°C, 
H2SO4 or HCl  to 

pH <2 

28 days 1 x 100 mL amber glass 
bottle 

1 = Holding time is 7 days if not preserved 

2 = Samples for cometabolic enzyme analysis must be shipped to laboratory on the same day as collection, using priority overnight. 

3 = OA1 (purgeable, gasoline range hydrocarbons) 

 

B3.4 Sample Custody and Documentation 

Chain-of-custody procedures document the identity of a sample and its handling.  Custody records 

trace a sample from its collection through all transfers of custody including delivery to the analytical 

laboratory.  Internal laboratory records then document sample custody through its final disposition.  A 

sample is under custody if one or more of the following criteria are met: 

���� The sample is in the custodian's (sampler’s, lab person’s, etc.) possession; 

���� The sample is in the custodian's view after being in possession; 

���� The sample was in the custodian's possession and was sealed and/or secured to prevent 

tampering; 

���� The sample is in a designated secure area; and/or 

���� The custody label will act as a guarantor of sample custody. 

The remainder of this section discusses chain-of-custody and document control requirements.  If any 

deviations from these procedures occur, appropriate personnel will be notified and deviations will be 

noted in the field log book. 
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Field Custody Requirements 

Samples collected in the field for onsite analysis will be identified and handed directly to the onsite 

laboratory technician.  If needed, these samples may be temporarily stored in a cooler containing ice. 

Chain-of-custody for samples collected in the field and transported or shipped to a state-accredited 

laboratory for analysis will be maintained.  The field team will have a designated field sample 

custodian with overall responsibility for sample custody and field document control.  The custodian 

will ensure that the sampling team(s) have and use the appropriate identification and custody records, 

resolve custody problems in the field, and correctly/accurately handle the shipment of samples to the 

analytical laboratory.  The analytical laboratory will have an identified sample custodian and/or 

document/sample control officer for the submitted samples. 

Chain-of-Custody Record Sheets 

Chain-of-custody record sheets will be completed for all samples collected and that are sent to the 

offsite analytical laboratory.  The purpose of these records is to document the transfer of a group of 

samples traveling together; therefore, when the group of samples changes, a new custody record is 

initiated.  Blank chain-of-custody forms will be provided by the analytical laboratory along with the 

appropriate sample containers.  Completed forms will be correlated with the sample collection labels 

and log book data; and required information will be the same on the labels, the custody forms, and in 

the log book.  One custody record will be used for each packaged lot of samples.  The custody record 

should include all samples in that lot of samples.  More than one custody record sheet may be used per 

package, if necessary.  The original custody record travels with the samples to the analytical 

laboratory; however, the initiator of the record will keep a copy.  If custody of the same group of 

samples changes hands several times, some intermediate handlers will not have a copy of the custody 

record.  This is acceptable, as long as the original custody record shows that each person who had 

received custody has properly relinquished custody (dated and signed as appropriate). 

Laboratory Custody Procedures 

The analytical laboratory will use sample identification and custody records to satisfy the 

requirements outlined below: 

���� Upon receipt at the laboratory, each sample shipment will be inspected to assess the condition 

of the shipping container and the individual samples.  The condition and/or integrity of the 

custody seal(s) on a received shipment of samples will be documented at the time of receipt at 

the laboratory. 

���� Enclosed chain-of-custody records will be cross-referenced with all the samples in the 

shipment.  These records will be signed by the sample custodian and placed in the project file. 

���� The sample custodian will continue completing the chain-of-custody record by assigning a 

unique laboratory number to each sample upon receipt.  This number identifies the sample 

through all further laboratory handling. 

���� The analytical laboratory will keep internal laboratory log books and records that maintain the 

chain-of-custody records throughout sample preparation, analysis, and data reporting. 

B3.5 Sample Labels 

Each sample collected for onsite analysis, including duplicates and rinsates, will be labeled with the 

sample identification and sufficient other information for the onsite laboratory technician to 

document the sample. 
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Each sample collected for offsite analysis, including duplicates, rinsates, and trip blanks will have a 

completed sample label securely attached to it.  To prevent misidentification of samples, the sampler 

will attach legible labels to each sample immediately following sample collection.  All field QC samples 

will be shipped "blind" to the laboratory but will be assigned a unique identification code (Section 

B3.2) to facilitate identification of the laboratory results.  Each label will include the following sample 

information: 

���� Project / task name; 

���� Sample identification; 

���� Initials of sample collector; 

���� Preservative used; 

���� Date and time of sample collection; 

���� Type of sample: grab or composite; and 

���� Analysis required / parameter(s) requested. 

All sample collection and documentation activities will be preserved in the field log book. 

B3.6 Sample Shipment 

Each sample will be packed and shipped in accordance with U.S. Department of Transportation 

regulations under 49 CFR 171-185.  All bottles should be packed upright as much as possible.  Samples 

obtained at uncontrolled hazardous waste sites are classified as either environmental samples or 

hazardous samples.  Environmental samples are those that contain low levels of contaminants and 

require implementation of limited precautionary procedures.  Hazardous samples are those which 

could possibly contain dangerous levels of contaminants.  All samples collected during this 

investigation, unless data to the contrary is obtained, will be classified as environmental samples. 

Samples will be packaged in sturdy packaging for shipment to the laboratory.  Each sample will be 

identified with a sample identification label, and will be listed on the chain-of-custody record 

completed for each sample shipping container.  The chain-of-custody record will be placed inside the 

shipment packaging.  The shipping containers will be sealed using tape and chain-of-custody seals.  All 

samples requiring transport to the laboratory will be shipped by Federal Express (or equivalent 

overnight delivery service) or hand delivered. 

For the cometabolic enzyme each sample bottle will be placed in a sealable plastic baggie per the 

laboratory protocol (Attachment 1).  The bagged samples will then be placed in a chilled cooler (ice is 

accepted but the laboratory prefers blue ice or frozen gel packs).  During shipment to the laboratory, 

all bottles should be placed upright in the chilled cooler and packed tightly. 

Custody Seals 

Custody seals are narrow strips of adhesive paper used to demonstrate that no tampering has 

occurred with submitted samples.  The field investigator shall write the seal/shipment date and 

signature on the seal.  The seal is then placed across the first point of sample shipment opening (outer 

packaging). 
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B3.7 Field Logbook 

Field forms and/or logbooks provide the means for recording all sample collection and other activities 

performed at the site.  As such, written entries will be legible and as descriptive and as detailed as 

possible so that a particular situation or incident can be reconstructed without reliance on the 

collector's memory.  Entries into the form/logbook may contain a variety of information but should 

include items such as: 

���� The date, start time, weather, and level of personal protection being used onsite.  This level of 

protection must match the level of protection required in the project health and safety plan. 

���� All field personnel and visitors and their respective times of arrival and departure. 

���� Observations about the site or activity being performed and any other information pertinent to 

the field activity. 

���� All equipment used to make field measurements (including owner and model/serial number[s]) 

and calibration information for field instruments as appropriate. 

���� Any field measurements collected, including measurement units and instrumentation used. 

���� Sampling information such as purpose of sampling, date, sample identification for laboratory 

analysis, sampling location, sample media, method of sample collection, sample volume, 

required analysis, and number of containers (if more than one). 

���� Any deficiencies or deviations from the work plan as well as the reason(s) for the deviation(s). 

���� Changes in weather, level of personal protection, and/or field instrumentation. 

���� Health and safety incidents. 

���� Client/regulator comments. 

All data will be recorded directly and legibly in field log book(s) or on the appropriate supplemental 

form and all log book pages containing data entries will be signed and dated.  Each line on each 

logbook page should contain data or a written line denoting that the line is intentionally left “blank”.  A 

note, such as “n/a” for not applicable, should be used on a sampling form to signify a blank. 

Any changes in entries will be made in a manner that avoids obscuring the original entry, i.e., a single 

line will be drawn through the incorrect entry and the new data will be written legibly.  All changes 

will be initialed and dated by the individual at the time of the change.  All pages will be accounted for; 

no pages are to be removed.  If there is a change in the person recording field notes during a particular 

day, that person will be identified in the logbook prior to making entries. 

At each station where a sample is collected or a measurement made, a description of the location of 

the station will be recorded.  If appropriate, this may be done on the field form rather than in the log 

book.  Photographs taken, if any, will also be noted and described. 

The field logbook will identify any other forms which were completed each day and that constitute 

supplemental records to the field log book entries. 

B4 Quality Control Procedures 
Samples will be collected in the field to provide for QC of methodologies and data in compliance with 

EPA guidance and regulations (40 CFR 300) for accuracy, precision, representativeness, completeness, 
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and comparability.  The QAPP in Appendix C of this work plan provides a detailed discussion of 

QA/QC procedures to be followed during the field activities.  The QAPP describes the policy, 

organization, functional activities, and QA/QC protocols necessary to assure that all measurements 

taken during the investigation result in data of known quality.  Section C10 of the QAPP presents the 

types and frequency of QC samples that will be collected. 

B5 Analytical Procedures 
Samples collected during the field activities will be analyzed for VOCs to assess the current magnitude 

and extent of contamination at the site.  In addition, general water quality parameters will be 

monitored in the field during sample collection activities.  Samples will also be collected from select 

locations for analysis of MNA parameters, cometabolic enzymes, carbon isotopes, magnetic 

susceptibility, and microcosm testing. 

The analytical procedures to be followed by the analytical laboratories are provided in Appendix C.  

Analytical methods, containers and preservatives, and holding times are listed in Table B3-1.  Specific 

analytical laboratory requirements (e.g., targeted detection limits, extraction methods, etc.) are 

included in the QAPP (Appendix C). 
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ACRONYMS 

COC chain of custody 

DO dissolved oxygen 

EAP enzyme activity probes 

HDPE high density polyethylene 

L liters 

min minute 

MBT molecular biological tool 

ORP oxidation-reduction potential 

 



  

 

1. PURPOSE 

This procedure describes the approach for collecting microbial samples for enzyme probe analysis. 

This includes general procedures for collecting both groundwater samples and soil/core type 

materials.  Specifics such as well purging for sample collection, an overview of the sample collection 

process, and sample handling and shipping instructions are also included. As appropriate, applicable 

contractor procedures will be followed for performing the tasks identified in this procedure. 

2. SCOPE 

This procedure provides instruction for sampling personnel to collect groundwater or soil/core 

samples for the enzyme probe analysis. Sample quantities, containers, preservatives, handling 

procedures, and shipping instructions are contained within this procedure. 

3. RESPONSIBILITIES 

3.1 Project Manager 

� Meet customer’s expectations and serve as a primary point of contact with the customer. 

� Ensures sampling technician(s) have access to necessary equipment to complete the sampling 

task(s). 

� Ensures sampling technician(s) follow protocol and procedures for completing the sampling 

task(s). 

3.2 Sampling Technician(s) 

� Ensures appropriate preparation and planning is completed prior to sampling activities to reduce 

delays in start-up or progress of task. 

� Ensures all materials and equipment are available for sampling task. 

� Communicates on a routine basis with project manager on status of task, any additional needs to 

complete task, and on any issues related to properly completing task. 

� Follows all procedures, plans and protocols to complete sampling task adequately. 

� Ensures all documentation of the sampling activity is complete and legible. 

3.3 Microbial Groundwater Sample Collection  

3.3.1.1 Well Purging for Groundwater Sampling 

Each well will be purged prior to collection of samples using low flow sampling techniques. 

Specific guidance on the principles and procedures of low flow sampling can be found 

elsewhere (Puls and Barcelona, 1996; contractor's procedure) and is summarized here. 

Water will be pumped from the well for sampling using a submersible low flow pump. After 

placing the pump at the proper depth, purging will be performed by pumping at approximately 

1 to 4 L/min and will be continued until water quality indicator parameters (temperature, pH, 

conductivity, dissolved oxygen [DO], and oxidation-reduction potential [ORP]) have stabilized 

(Table 1) or a minimum of three to five well volume has been extracted (dependent on the site 

conditions and procedures). Collect and handle purge water according to site specific 

protocols or contractor procedures. 



  

 

Water quality indicator parameters will be monitored using an appropriate instrument (such 

as a Hydrolab, Horiba, etc.) with the sensors placed in a flow through cell. During the purging 

period, water quality indicator parameters will be monitored at intervals of 3 minutes or 

longer and recorded on the purge parameter log sheet or using a programmable electronic 

data logger. Purging will be continued until the stability criteria listed in Table 1 are achieved, 

at which time sampling will commence. After purging is complete, samples will be collected for 

microbial activity according to the procedures described below. 

Table 1.  Parameter stability criteria. 

PARAMETER 

STABILITY CRITERIA 

Maximum change in 3-minute period 

pH +/- 0.1 standard units 

Conductivity +/- 3% 

Temperature +/- 0.5°C 

Dissolved Oxygen +/- 10% for DO > 1.0 mg/L 

+/- 0.1 mg/L for DO < 1.0 mg/L 

Redox Potential +/- 10 mv 

 

3.3.1.2 Whole Groundwater Sampling Procedure 

A microbial groundwater sample for enzyme probes is collected in a sterile bottle as an 

unaltered groundwater sample. Requirements for microbial sample containers, preservation, 

and holding times are summarized in Table 2. 

Table 2.  Sample containers, preservation, holding time, and shipping addresses. 

Analyte Sample Container Preservation Holding Time Shipping Location 

Enzyme 

probes 

1-1L sterile HDPE 

bottles collected 

with zero 

headspace from 

each sampling 

location. 

4oC 

Stored on ice 

(preferably 

blue ice or 

frozen gel 

packs). 

Samples must be 

shipped on the 

same day as 

collection. Ship 

samples priority 

overnight express to 

arrive at the Lab by 

10AM the following 

day. 

 

Danielle Saunders 

Samples 

790 6th Street 

Richland, WA 99354 

 

 

Phone: 509-375-3653 

 

This field method involves collecting one liter (1L) of groundwater at the well-head using 

sterile techniques.  The lab will provide sterile bottles for sample collection. It is important to 

fill the bottles using low groundwater flow (1 to 4 L/min), in order to minimize turbulence and 

unnecessary exposure to the atmosphere during filling. Groundwater samples will be collected 

into the sterile one liter (1L) bottles and filled to no-headspace. Use the following procedure to 

ensure no headspace: 

� Fill the 1L bottles and form a meniscus at the top of the bottle. 



  

 

� Fill the cap with groundwater, then screw on the bottle cap tightly, so as to fill the bottle 

with no headspace or bubbles. There may be a small amount of headspace that, if filled as 

requested, is minimal. 

� Seal the bottle caps with parafilm and/or tape to minimize potential for exposure to air. 

� Label each bottle (using labels provided or similar contractor’s sample label) with a unique 

sample number, the sample location, date and time of sample collection, sampling depth, 

groundwater temperature, client, and sampler. 

� Place each bottle into a self-sealing plastic bag. Make sure the plastic bag is sealed shut 

(e.g. Ziploc bag) 

� Pack the bottles UPRIGHT on ice (preferably blue ice or frozen gel packs) immediately 

following sampling and store/ship at 4oC.  If samples have to be packed on cubed ice, 

PLEASE double or triple bag the ice separate from the samples. FedEx has refused to ship 

coolers in the past because they were “leaking”. 

3.3.1.3 Filtering Groundwater Instructions: Sterivex filters 

Sterivex-GS filter units (Millipore Cat. No. SVGS 01015, SVGS 010 RS and SVGS B10 10 with 

filling bell) are versatile devices for sterilizing aqueous solutions. They remove micro-

organisms, particles, precipitates and undissolved powders larger than 0.22 μm. You can 

connect these units to a repeating syringe, a peristaltic pump, or place in line with 

groundwater pumping system. The Sterivex- GS unit is a pre-sterilized, non-toxic, self-venting 

device that can withstand up to 45 psi (3 bar). These single-use units consist of a 0.22 μm 

triton free membrane sealed around a reinforced plastic core. 

� Do not use the Sterivex-GS unit at temperatures above 45 °C (113 °F). 

� Do not re-sterilize or reuse the Sterivex-GS unit. It is designed for single use only. 

Diagram of Sterivex-GS Filter Unit 

 



  

 

Directions for Use with Syringe 

� Place the tubing from your repeating syringe into the flask of solution you want to filter. 

� Peel open the pouch containing the Sterivex-GS unit aseptically. 

� Attach the syringe to the unit and withdraw it from the pouch. 

� Hold the syringe vertical (filter pointing up) and top off the filter by pushing some solution 

through it. 

� Push syringe plunger and deliver filtered solution. 

� Repeat step 5 as often as needed. Sterivex-GS devices sterilize approximately 2 liters of 

groundwater. 

Directions for Use with a Peristaltic Pump 

� Fill a flask with the solution you want to filter. A single Sterivex-GS unit filters 2 liters of 

liquid. 

� Prepare a peristaltic pump. For best results, use a pump drive and pump head that 

delivers a constant pressure of 15–20 psi (103–138 kPa), generating an average flow rate 

of 100 mL/min.  

� Load peristaltic pump head with 3/16 in. I.D. silicone tubing. 

� Peel open the pouch containing the Sterivex-GS unit aseptically. 

� Attach the tubing to the inlet of the unit and withdraw it from the pouch. 

� Connect the unit to a ring stand and place a sterile receiver flask under it. 

� Activate the pump. 

General Guidelines for sampling from well-head 

� Do not open Sterivex filter packages until they are ready to be filled. 

� Keep the areas surrounding the wellhead as clean as practical to minimize the potential 

for contamination of samples. 

� Minimize the potential for airborne contamination during sample collection. If vehicles or 

generators are running during sample collection, fill containers upwind from engine 

exhaust sources. If conditions are dusty, shield the sample collection area from wind-

borne contamination. 

� Use a clean pair of gloves at each new sampling point. 

� When sampling with a pump, place the discharge tubing on to the syringe-end of the 

Sterivex filter and allow water to pass through the filter until it becomes clogged (typically 

1.5-2 L of groundwater). 

� Once the filter is clogged, remove the discharge tubing and place the filter into a 50 mL 

falcon tube for shipping. 

� RECORD the volume of water passed through the filter either directly on the 50 mL falcon 

tube or on a sample label that can be attached to the tube. 

Specific instructions for Shipping and Handling Sterivex 

� Place the Sterivex filter into a sterile 50 mL falcon tube (provided). 

� Filters should be stored on dry ice for shipping purposes (if dry ice is not an option, pack 

tightly the between blue ice; shipping with ice in Ziploc bags is NOT an option). 

� Sterivex filters should be shipped priority overnight to the laboratory. 



  

 

3.3.1.4 Soil Core Sampling Instructions 

The following procedure is provided for proper collection and preservation of the soil samples 

for molecular analyses: 

� Total sample soil core size from each location must be at least 2 inches in diameter by at 

least 1 foot long. 

� For cores that are to be compared to groundwater analyses, collection is to be at or below 

the water table; it is important to collect samples at this depth for representativeness of 

contaminated media and for comparisons between the sediment cores and groundwater 

microbial populations. 

� For cores that are to be collected in vadose zone, collection at any depth above the water 

table is acceptable. 

� Core samples should be wrapped in aluminum foil, plastic wrap, or other appropriate 

material if the original core “sleeve” cannot be shipped with the core intact to the 

laboratory; it is preferred if the core is not exposed to the atmosphere prior to sample 

processing at the lab. If possible, use wax to seal the ends of the core immediately after it 

is removed and being prepared for shipping. 

� If intact cores CAN NOT be obtained; pack material in a cylinder/jar, minimizing 

headspace.  Place core into container, place lid on and tap down. Continue packing core 

material into the container until there is minimal empty space. Seal the container as 

tightly possible and seal with parafilm or tape. 

� Cores should be packaged in self-sealing plastic bags (if possible). Make sure the plastic 

bag is sealed shut immediately following sample collection to minimize potential for 

exposure to air. 

� Label each sample (using labels provided or similar contractor’s sample label) with a 

unique sample number, the sample location, date and time of sample collection, sampling 

depth, groundwater temperature, client, and sampler. 

� Pack samples on ice (preferably blue ice or frozen gel packs) immediately following sample 

collection and store/ship at 4oC. 

� Ship the samples on the same day as sample collection as priority overnight express 

(arrival by 10AM the following day) to Pacific Northwest National Laboratory. Samples can 

only be accepted during normal business hours on Monday through Friday. 

3.3.1.5 Decontamination 

All soil cores will be collected in accordance with site-specific procedures. Decontaminate all 

surfaces as appropriate that were in contact with the soil (per site-specific procedure) 

between each sampling location to eliminate cross contamination. Collect and handle 

decontamination fluids and disposable sampling equipment in accordance with site-specific 

procedures. 

4. SAMPLE HANDLING AND SHIPPING 

Field Notes: Field notes describing the sample collection process will be recorded and 

provided to the lab. This information should include: 

� Site name, well identifier, and sample depth from top-of-casing, 

� Personnel, 



  

 

� Date, 

� Water quality parameter values observed during purging, 

� Volume purged, 

� Time of sample collection, 

� Sample identification number, 

� Courier reference number for each sample shipment, 

� Weather conditions, and 

� Field screening results collected during sampling. Notify the project manager of any 

unusual field screening results that may impact the analysis, disposal, or handling of the 

sample by laboratory personnel. 

Chain of Custody (COC): Ensure that COC forms (provided, or similar contractor’s COC) and 

other appropriate sample collection documentation are complete.  

Sample Packing: Use the following general guidance for sample packaging: 

� Each sample container should be placed in a self-sealing plastic bag prior to placement in 

the cooler. Make sure each plastic bag is sealed shut. 

� The bottles should be packed upright within the cooler with sufficient blue ice or frozen 

gel packs such that they maintain approximately 4°C during shipment. 

� Pack the bottles tightly in the coolers so there is absolutely no movement. Add packaging 

materials to fill void space within the cooler. Include COC forms and other appropriate 

sample collection documentation in a self-sealing plastic bag. 

� Seal the cooler with strapping tape. 

Shipping: Ship the coolers on the same day as sample collection as priority overnight express 

(arrival by 10AM the following day) to Pacific Northwest National Laboratory (see address in 

Table 2). The sampler will notify the POC or project manager (see contact information below) 

with the courier reference number for each sample shipment on the day of the shipment. The 

project manager will track the shipment and will investigate if the shipment does not arrive at 

the expected time so that appropriate corrective action can be initiated. 

Samples can only be accepted Monday through Thursday during normal business hours (8am – 

5pm MST), except on Holidays. Please contact the lab project manager if there are any 

concerns regarding the receipt and delivery of samples or for technical assistance or questions. 

5. RECORDS 

The Project Manager shall maintain the following records: 

� Chain of Custody form 

� Field notes 

6. REFERENCES 

Puls, R.W. and M.J. Barcelona, 1996, Low-Flow (Minimal Drawdown) Ground-Water Sampling 
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Recommendation on Sample Collection for CSIA of Chlorinated Ethenes 
Revised 2/24/2015 
 
This recommendation applies to the standard CSIA (compound-specific isotope analysis) 
techniques at the Isotope Lab of the University of Oklahoma (OU). The recommendation 
assumes that the requested analysis is carbon CSIA, with optional H and/or Cl CSIA. 
 
Target compounds: chlorinated ethenes.  
 

 
 Use standard methods for collecting VOCs samples. Use care to prevent volatile losses. 
 
 Sample containers: standard 40 ml VOAs. Normally, the OU lab does not provide VOAs for 

field sample collection.  
 
 Preservation: Acidify the VOAs to pH below 2. Place in a cooler with generous amount of ice 

or ice packs. 

 Carbon and hydrogen CSIA: use HCl, H2SO4 or sodium bisulfate (NaHSO4) 

 Chlorine CSIA: Do not use HCl for chlorine isotope analysis. If alternative 
preservatives for chlorine CSIA samples are not available, provide unpreserved 
samples and request priority processing 

 
 Sample amount requirements. The amounts shown below should be sufficient to obtain 

data for cDCE, TCE and PCE at 1 ug/L (C, Cl) and 20 ug/L (H). Inquire about the requirements 
for additional analytes and/or improved detection limits. 

 

 Carbon CSIA: Collect at least FOUR 40 ml VOA vials from each well 
 

 Hydrogen CSIA: Collect additional TWO 40 ml VOA vials from each well  
 

 Chlorine CSIA: Collect additional SIX 40 ml VOA vials from each well 
 
 Ship overnight to: c/o Jon Allen 

Dept. of Geology / Geophysics, Univ. of Oklahoma 
100 E Boyd; room A119 
Norman, OK, 73019 
Phone 405-325-4453 

 
 Ship only between Mon – Thu. Samples will NOT be delivered during the weekend. If 

samples are collected at the end of the week, store in refrigerator and ship on Monday.  
 
 CoC: Any standard CoC format can be used. Specify the type of analysis (Carbon, hydrogen 

and/or chlorine CSIA) and list target analytes (TCE, PCE, etc.) 
 

 Leave a message at 405-325-4453 that the samples have been sent.    
 

 Contact Tomasz Kuder (tkuder@ou.edu) for additional inquiries.  

mailto:tkuder@ou.edu
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• Iron, Ferrous, Test Kit
1,10 Phenanthroline Iron Reagent Method

• Trousse d’analyse fer ferreux
Méthode réactif fer 1, 10 Phéanthroline

• Eisen, 2wertig Test Kit
1,10 Phenanthrolin-Eisenreagenz Methode

• Kit de análisis para hierro ferroso
Método reactivo de fenatrolina de hierro 1,10

0.0 – 10.0 mg/L
• Mod. IR-18C 
• # 26672-00

26672-88
• To ensure accurate results, read carefully before proceeding.
• Pour obtenir des résultats exacts, lire attentivement le mode d’emploi avant d’utiliser la trousse.
• Um genaue Ergebnisse zu gewährleisten, lesen Sie das Folgende bitte aufmerksam durch, bevor Sie fortfahren.
• Para obtener resultados precisos, lea detenidamente las instrucciones antes de proceder al análisis.

WARNING
Handling chemical samples, standards, and reagents can 

be dangerous. Review the Material Safety Data Sheets 
before handling any chemicals.

ATTENTION
La manipulation des échantillons chimiques, étalons et 

réactifs peut être dangereuse. Lire les fiches de données de 
sécurité des produits avant de manipuler tout 

produit chimique.

WARNUNG
Die Handhabung chemischer Proben, Standards und 
Reagenzien kann gefährlich sein. Bitte gehen Sie die 

Materialsicherheitsdatenblätter durch, bevor Sie 
Chemikalien handhaben.

ADVERTENCIA
El manejo de sustancias químicas, patrones y reactivos, 

puede resultar peligroso. Lea las fichas de informaciones 
de seguridad de materiales antes de manipular cualquier 

producto químico.



Introduction
The 1,10 phenanthroline indicator in the Ferrous Iron Reagent reacts with ferrous iron in 
the sample to form an orange color in proportion to the ferrous iron concentration. Ferric 
iron does not react. The ferric iron (Fe3+) concentration can be determined by subtracting 
the ferrous iron concentration from the results of a total iron test.

Introduction
L’indicateur 1,10 phénanthroline dans le réactif fer ferreux réagit avec le fer ferreux 
présent dans l’échantillon pour former une coloration orange proportionnelle à la 
concentration de fer ferreux. Le fer ferrique ne réagit pas. La concentration de fer ferrique 
(Fe3+) peut être déterminée en soustrayant la concentration de fer ferreux des résultats 
d’une analyse de fer total.

Einleitung
Der 1,10 Phenantrolin Indikator im Eisen(II)-Reagenz reagiert mit Eisen(II) in der Probe 
durch Bildungen einer orangen Farbe, proprotional zur Konzentration des zweiwertigen 
Eisens. Eisen(III) reagiert nicht. Die Konzentration des dreiwertigen Eisen (Fe3+) kann 
bestimmt werden, indem man die Konzentration des zweiwertigen Eisens von den 
Ergebnissen eines Eisen Gesamt Tests subtrahiert.

Introducción
El indicador de 1,10-fenantrolina en el Reactivo para Hierro Ferroso reacciona con el 
hierro ferroso de la muestra para formar un color anaranjado en proporción con la 
concentración de hierro ferroso. El hierro férrico no reacciona. La concentración de hierro 
férrico (Fe3+) puede ser determinada restando la concentración de hierro ferroso de el 
resultado de una prueba de hierro total.
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Measuring Hints and General Test Information
• Wash all labware between tests. Contamination may alter test results. Clean with a 

non-abrasive detergent or a solvent such as isopropyl alcohol. Use a soft cloth for 
wiping or drying. Do not use paper towels or tissue on plastic tubes as this may 
scratch them. Rinse with clean water (preferably deionized water).

• Rinse all viewing tubes thoroughly with the sample water before testing.
• Use clippers to open plastic powder pillows.
• For critical testing, reagent accuracy should be checked with each new lot of reagents. 

Prepare a ferrous iron stock solution (100 mg/L Fe) by dissolving 0.702 grams of 
ferrous ammonium sulfate, hexahydrate, in one liter deionized water. Dilute 5.00 mL 
of this solution to 100 mL with deionized water to make a 5.0 mg/L standard solution. 
Prepare this immediately before use. Follow the ferrous iron test instructions using 
this solution instead of a water sample.

Conseils pour les mesures et informations générales sur l’analyse
• Laver toute la verrerie entre les analyses. La contamination peut fausser les résultats 

d’analyses. Laver avec un détergent non abrasif ou un solvant tel que l’isopropanol. 
Utiliser un tissu doux pour essuyer ou sécher. Ne pas utiliser de tissu ou papier 
d’essuyage sur les tubes en plastique pour ne pas les rayer. Rincer à l’eau propre 
(de préférence de l’eau désionisée).

• Rincer soigneusement tous les tubes colorimétriques avec l’échantillon d’eau 
avant l’analyse.

• Utiliser la pince coupante pour ouvrir les gélules en plastique.
• Pour des analyses critiques, l’exactitude du réactif doit être vérifiée pour chaque 

nouveau lot de réactifs. Préparer une solution-mère de fer ferreux (100 mg/L Fe) en 
dissolvant 0,702 grammes d’ammonium-fer (II) sulfate, hexahydrate, dans un litre 
d’eau désionisée. Diluer 3,00 mL de cette solution à 100 mL avec de l’eau désionisée 
pour obtenir une solution étalon à 3,0 mg/L. Préparer cette solution immédiatement 
avant emploi. Suivre les instructions d’analyse du fer ferreux en remplaçant 
l’échantillon par cette solution étalon.
3



Meßtips und allgemeine Testinformationen
• Waschen Sie alle Laborartikel zwischen den Tests. Verunreinigung kann die 

Testergebnisse verfälschen. Reinigen Sie sie mit einem nicht scharfen Detergent oder 
einem Lösungsmittel wie zum Beispiel Isopropylalkohol. Verwenden Sie für das 
Abwischen oder Abtrocknen ein weiches Tuch. Verwenden Sie bei den 
Plastikröhrchen keine Papierhandtücher oder Tissue-Papier, da dieses sie zerkratzen 
kann. Spülen Sie mit sauberem Wasser (vorzugsweise entsalztes Wasser).

• Spülen Sie alle Prüfröhrchen vor dem Test gründlich mit dem Probenwasser.
• Verwenden Sie eine Schere zur Öffnung der Plastik-Pulverkissen.
• Um genaue Bestimungen zu erzielen, sollte die Genauigkeit der Reagenzien für jede 

neue Charge überprüft werden. Bereiten Sie eine Eisen-II Stammlösung 
(100mg/L Fe) auf, indem Sie 0,702 Gramm Eisen-II Ammoniumsulfat, hexahydrat, 
in einem Liter entsalzten Wasser lösen. 3,00 mL dieser Lösung werden mit 100 mL 
entsalztem Wasser verdünnt, so dass eine 3,0 mg/L Standardlösung entsteht. Diese 
Lösung wird unmittelbar vor Gebrauch angesetzt. Arbeiten Sie, unter Benutzung 
dieser Lösung anstelle einer Wasserprobe, gemäß den Anweisungen für den 
Eisen(II) Test.

Consejos para la medición e información general sobre el análisis
• Lavar todo el material de laboratorio entre los análisis. La contaminación puede 

alterar los resultados. Limpiar con un detergente no abrasivo o con un solvente como 
el alcohol isopropílico. Utilizar un paño suave para limpiar o secar. No utilizar ni 
toallitas ni pañuelos de papel para limpiar los tubos de plastico para no rayarlos. 
Aclarar con agua limpia (preferentemente agua desionizada). 

• Enjuagar todos los tubos para colorimetría abundantemente con la muestra de agua 
antes de realizar el análisis. 

• Utilice las pinzas cortantes para abrir las cápsulas de plástico.
• Para pruebas exigentes o difficiles, la precisión del reactivo debe ser verificada cada 

vez que se comienza con un nuevo lote. Preparar una solución de reserva de hierro 
ferroso (100 mg/L Fe), disolviendo 0,702 gs. de sulfato de amonio ferroso, 
hexahidrato, en un litro de agua desionizada. Diluya 3,00 mL de esta solución en 
100 mL de agua desionizada para hacer una solución estándar de 3,00 mg/L. Esta 
debe ser preparada inmediatamente antes de usarla. Siga las instrucciones de la 
prueba de hierro ferroso empleando esta solución en vez de una muestra de agua.
4



• Procedure • Technique • Verfahren • Procedimiento

1. Fill a viewing tube to the first (5-mL) line with sample 
water. This is the blank.

♦ Remplir un tube colorimétrique jusqu’au premier trait 
(5 mL) avec l’échantillon d’eau. Ceci est le blanc.

♦ Füllen Sie ein Prüfröhrchen bis zur ersten (5 mL) Linie mit 
Probenwasser. Dieses ist die Blindprobe.

♦ Llene un tubo para colorimetría hasta la primera marca 
(5 mL) con la muestra de agua. Esto constituye el blanco.

2. Place this tube in the top left opening of the 
color comparator.

♦ Placer ce tube dans l’ouverture supérieure gauche 
du comparateur.

♦ Stellen Sie dieses Röhrchen in die obere linke Öffnung 
des Farbkomparators.

♦ Coloque este tubo en la abertura superior izquierda 
del comparador.

3. Fill the measuring vial to the 25-mL mark with
sample water.

♦ Remplir le tube de mesure jusqu’au trait 25 mL avec 
l’échantillon d’eau.

♦ Füllen Sie das Messröhrchen bis zur 25 mL Markierung 
mit dem Probenwasser.

♦ Llene el frasco medidor hasta la marca de 25 mL con el 
agua de la muestra.

4. Add the contents of one Ferrous Iron Reagent Powder 
Pillow to the measuring vial.

♦ Ajouter le contenu d’une gélule de réactif du fer ferreux au 
tube de mesure.

♦ Geben Sie den Inhalt eines Eisen(II)-Reagenz-
Pulverkissens in das Messröhrchen.

♦ Agregue el contenido de una cápsula del Reactivo para 
Hierro Ferroso al frasco medidor.
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5. Swirl to mix. An orange color will develop if ferrous iron 
is present. Allow three minutes for full color development.

♦ Agiter pour mélanger. En présence de fer ferreux, une 
coloration orange se développe. Attendre le 
développement complet de la coloration.

♦ Schwenken Sie zum Vermischen. Ist Eisen(II) vorhanden, 
entwickelt sich eine orange Färbung. Warten Sie drei 
Minuten, bis sich die Farbe vollständig ausgebildet hat.

♦ Agite para mezclar. Se formará un color anaranjado en 
presencia de hierro ferroso. Deje pasar tres minutos para 
que el color se desarrolle completamente.

6. Fill another viewing tube to the first (5-mL) mark with the 
prepared sample.

♦ Remplir un autre tube jusqu’au premier trait (5 mL) avec 
l’échantillon préparé.

♦ Füllen Sie ein weiteres Prüfröhrchen bis zur ersten (5 mL-) 
Linie mit der vorbereiteten Probe.

♦ Llene otro tubo para colorimetría hasta la marca de 5mL 
con la muestra preparada en los puntos 4 y 5.

7. Place the second tube in the top right opening of the 
color comparator.

♦ Placer le second tube dans l’ouverture supérieure droite 
du comparateur.

♦ Setzen Sie das zweite Röhrchen in die obere rechte 
Öffnung des Farbkomparators.

♦ Coloque el segundo tubo en la abertura superior derecha 
del comparador.
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8. Hold comparator up to a light source such as the sky, a 
window or a lamp. Look through the openings in front.

♦ Tenir le comparateur face à une surface uniformément 
éclairée (ciel, lampe, fenêtre) et regarder par les ouvertures 
de la face antérieure du comparateur.

♦ Halten Sie den Komparator gegen eine Lichtquelle wie 
zum Beispiel den Himmel, ein Fenster oder eine Lampe. 
Sehen Sie durch die Öffnungen vorn.

♦ Lleve el comparador hasta una fuente de luz, tal como el 
cielo, una ventana o una lámpara. Mire a través de las 
aberturas frontales del comparador.

9. Rotate the color disc until the color matches in the 
two openings.

♦ Tourner le disque jusqu’à égalité des teintes dans les 
deux ouvertures.

♦ Drehen Sie die Farbscheibe, bis die Farbe in den beiden 
Öffnungen übereinstimmt.

♦ Haga girar el disco de color hasta que el color coincida en 
ambas aberturas.

10. Read the mg/L ferrous iron in the scale window.
♦ Lire la concentration du fer ferreux en mg/L dans la 

fenêtre de l’échelle.

♦ Lesen Sie die mg/L Eisen(II) im Skalenfenster ab.

♦ Lea la concentración de hierro ferroso en mg/L en la 
ventanilla graduada.
7



REPLACEMENTS
Description Unit Cat. No.
Clippers ................................................................................................... each...........968-00
Color Comparator.................................................................................... each.........1732-00
Color Disc, Iron Phenanthroline.............................................................. each.........1874-00
Ferrous Iron Reagent Powder Pillows, 25 mL .................................. 100/pkg.........1037-69
Instruction Card, IR-18C Test Kit ........................................................... each.......26672-88
Vial, measuring, with 2, 5, 10, 15, 20 and 25-mL marks ........................ each.........2193-00
Viewing Tube, plastic ............................................................................ 4/pkg.......46600-04
Water, deionized ........................................................................................ 4 L...........272-56

REACTIFS ET PIECES DE RECHANGE
Désignation Unité Réf. No

Pince coupante pour gélules moyennes........................................................ 1...........968-00
Comparateur ................................................................................................. 1.........1732-00
Disque coloré fer, phénanthroline ................................................................ 1.........1874-00
Réactif du fer ferreux en gélules pour 25 mL ....................................100/paq.........1037-69
Mode d’emploi de la trousse IR-18C ........................................................... 1.......26672-88
Tube de mesure marqué 2, 5, 10, 15, 20 et 25 mL ....................................... 1.........2193-00
Tube colorimétrique en plastique avec bouchon ....................................4/paq.......46600-04
Eau désionisée ........................................................................................... 4 L...........272-56

VERBRAUCHSMATERIAL UND ERSATZTEILE
Beschreibung Einheit Kat. Nr.
Abschneider.................................................................................................. 1...........968-00
Farbkomparator ............................................................................................ 1.........1732-00
Farbscheibe, Eisenphenanthrolin.................................................................. 1.........1874-00
Eisen(II) Reagenz-Pulverkissen, 25 mL........................................... 100/Stck.........1037-69
Anleitungskarte, IR-18C Test Kit................................................................. 1.......26672-88
Messröhrchen m. 2, 5, 10, 15, 20 und 25 mL Markierungen ....................... 1.........2193-00
Farbprüfröhrchen, Plastik, mit Kappe .................................................. 4/Stck.......46600-04
Entsalztes Wasser ...................................................................................... 4 L...........272-56

REACTIVOS Y MATERIALES
Descripción Unidad  No Ref.
Pinzas cortantes para cápsulas intermedias .................................................. 1...........968-00
Comparador de Colores................................................................................ 1.........1732-00
Disco de colores, fenantrolina de hierro....................................................... 1.........1874-00
Reactivo para Hierro Ferroso, Bolsas de Polvo, 25 mL .................... 100/lote.........1037-69
Tarjeta de Instrucciones, Juego de Prueba IR-18C....................................... 1.......26672-88
Frasco medidor, con marcas a 2, 5, 10, 15, 20 y 25 mL............................... 1.........2193-00
Tubo para colorimetría de plástico, con tapa protectora ....................... 4/lote.......46600-04
Agua desionizada ...................................................................................... 4 L...........272-56
8



OPTIONAL REAGENTS AND EQUIPMENT
Description Unit Cat. No.
Caps, for plastic Color Viewing Tubes 46600-04 ................................. 4/pkg.......46600-14
Ferrous Ammonium Sulfate, Hexahydrate............................................ 113 g.......11256-14
Flask, volumetric, Class A, 100-mL........................................................ each.......26366-42
Flask, volumetric, Class A, 1000-mL...................................................... each.......26366-53
Pipet, volumetric, Class A, 5-mL............................................................ each.......14515-37
Pipet Filler, safety bulb............................................................................ each.......14651-00

REACTIFS ET EQUIPEMENTS OPTIONNELS
Désignation Unité Réf. No

Bouchons pour tubes en plastique 46600-04..........................................4/paq.......46600-14
Ammonium, fer (II) sulfate, 6 H2O ACS .............................................. 113 g.......11256-14
Fiole jaugée, classe A, 100ml....................................................................... 1.......26366-42
Fiole jaugée, classe A, 1000 ml.................................................................... 1.......26366-53
Pipette jaugée, classe A, 5,00ml................................................................... 1.......14515-37
Poire à pipetter ............................................................................................. 1.......14651-00

ZUSÄTZLICHE REAGENZIEN UND ZUBEHÖR
Beschreibung Einheit Kat. Nr.
Kappen, für Plastik-Farbprüfröhrchen 46600-04 ................................. 4/Stck.......46600-14
Eisen(II)-Ammoniumsulfat, hexahydrat ............................................... 113 g.......11256-14
Messkolben, Klasse A, 100 mL.................................................................... 1.......26366-42
Messkolben, Klasse A, 1000 mL.................................................................. 1.......26366-53
Messpipette, Klasse A, 5mL ........................................................................ 1.......14515-37
Pipettenfüller, Sicherheitsball....................................................................... 1.......14651-00

REACTIVOS Y EQUIPAMIENTO OPCIONALES
Descripción Unidad  No Ref.
Tapas protectoras para tubos de plástico 46600-04............................... 4/lote.......46600-14
Sulfato de Amonio Ferroso, Hexahidratado.......................................... 113 g.......11256-14
Frasco volumétrico, clase A, 100-mL .......................................................... 1.......26366-42
Frasco volumétrico, clase A, 1000-mL ........................................................ 1.......26366-53
Pipeta volumétrica, clase A, 5-0 mL ............................................................ 1.......14515-37
Bulbo de seguridad para llenador de pipeta. ................................................ 1.......14651-00
9
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• Pour assistance technique, informations de prix ou informations pour 
commander, contactez HACH Company ou votre distributeur HACH.

• Technische Unterstützung, aktuelle Preisauskünfte und Bestellhilfe 
erhalten Sie bei Ihrer HACH Vertretung.

• Para obtener asistencia técnica asi como información sobre los precios y 
pedidos, ponerse en contacto con HACH Company o la agencia local 
de distribución.

© Hach Company, 1997. All rights reserved. Printed in U.S.A. te/dk 5/97 1ed
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Appendix C 

Quality Assurance Project Plan 

C1 Introduction 
This QAPP represents the first level of QA/QC detail for the NIC Site.  Quality assurance is an 

integrated program designed to assure reliability of monitoring and measurement data.  Quality 

assurance procedures such as tracking, reviewing, and auditing are implemented as necessary to 

ensure that all project work is performed in accordance with professional standards, regulations and 

guidelines, and specific project goals and requirements.  Quality control is the routine application of 

procedures for obtaining prescribed standards of performance in the monitoring and measuring 

process. 

The QAPP addresses the requirements set forth in EPA guidance and regulations (40 CFR 300), 

including procedures to ensure the precision, accuracy, completeness, and representativeness of all 

data collected and generated during the course of the NIC Site activities.  Further, the QAPP provides 

the QA requirement for data handling and manipulation during all phases of the project.  The QAPP is 

intended to guide field, laboratory, and management personnel in all relevant aspects of data 

collection, management, and control while on- or offsite. 

Sampling protocols for the project activities are provided in the FSP (Appendix B).  Field activities 

will include sample collection and field measurements.  QC of field data, tabulation, analyses, 

computations, and interpretation of field data will be provided by technical project personnel.  

Equipment used to take field measurements will be maintained and calibrated, and records of these 

activities will be kept in accordance with established procedures.  Internal QC of project deliverables 

will be provided by qualified internal technical review as needed.  QA of all project activities will be 

maintained by periodic audits; oversight system and performance audits may also be performed by 

the QA/QC manager or designee. 

Document control procedures have been implemented to track documents used in this study.  These 

procedures will be used to coordinate distribution, coding, storing, retrieving, and reviewing of all 

data collected over the course of the NIC Site activities.  Document control is monitored by periodic QA 

audits initiated by the QA/QC manager or designee. 

C2 Project Description 
A site description and brief history of the project are provided in Section 1 of the work plan.  An 

overview of the field investigation is provided in Sections 2 and 3 of the work plan and Section B2 of 

the FSP (Appendix B). 
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C3 Project Organization 
C3.1 Project Staffing 

Figure C3-1 lists the key personnel for the NIC Site activities.  QA roles are performed independently 

of the technical work and the QA manager is responsible for identifying QA activities required for the 

project.  The project manager is responsible for implementing necessary QA activities. 

Figure C3-1 Organizational Chart – Key Personnel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C3.2 Analytical Laboratories 

CDM Smith currently anticipates that Environmental Priority Service, Inc. (EPS) of Salina, KS will 

perform the DPT work for soil and groundwater sample collection.  A copy of EPS’s field procedures 

manual is provided in Attachment 1.  CDM Smith currently anticipates that TestAmerica will perform 

the analytical work for the VOCs and MNA parameters; the QA plan for TestAmerica is provided in 

Attachment 2. 

Soil samples for magnetic susceptibility will analyzed at CDM Smith’s treatability laboratory.  It is 

anticipated that a KT-10 magnetic susceptibility meter will be used for this analysis (or equivalent/ 

better instrument).  Magnetic susceptibility meters are widely used by geologists and geochemists to 

characterize samples of rock and sediment.  Data on magnetic susceptibility in Section 3 and Appendix 
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B of the 2009 EPA document on identification and characterization methods for reactive minerals1 

were acquired using a MS2 Magnetic Susceptibility System.  The EPA document1 states that “The 

estimation of magnetite in sediment is more likely to be limited by a spurious signal from another 

mineral, than by the sensitivity of the instrument.”  The EPA document1 also states that “The 

reproducibility and linearity of magnetic susceptibility instruments such as the Bartington MS2 Magnetic 

Susceptibility System is good, generally much less than ±10% of the expected value.  Error in predicting 

the content of magnetic materials from mass magnetic susceptibility will come from the natural 

variation in mass magnetic susceptibility of magnetite from one sample to another, and from the 

magnetic susceptibility of other minerals that might be in the sample.”  The document does go on to 

state that the mass magnetic susceptibility of magnetite is one thousand-fold greater than other 

common iron-bearing minerals and “If the iron content represented by the predicted concentration of 

magnetite is at least 1% of the total extractable iron, it is unlikely that the magnetic susceptibility of 

other iron minerals will cause significant error.”  A QAPP is not available for the magnetic susceptibility 

testing; however, a copy of a KT-10 brochure is provided in Attachment 3, including information on 

its sensitivity, calibration, use. 

Ferrous iron will be tested using a Hach field test kit.  A QAPP is not available for the Hach kit; 

however, a copy of the test procedure is provided in Attachment 2 of the FSP.  Analysis for the 

cometabolic enzymes will be done by Pacific Northwest National Laboratory (PNNL); a QA plan is not 

available; however, an example scope of work for enzyme analysis is provided in Attachment 4.  The 

scope of work was provided by PNNL for a specific, unrelated site and, therefore, all site-specific 

references have been blacked out.  Isotope analysis will be done by the University of Oklahoma, School 

of Geology and Geophysics.  A QA plan or SOP for the University laboratory is not available; however, 

available laboratory-specific information is provided in Attachment 5 of this QAPP and Attachment 1 

of the FSP.  CDM Smith’s treatability laboratory will perform the microcosm studies.  A formal QAPP 

for the microcosm studies is not available; however, a description of the testing along with quality 

control procedures for the studies are discussed in Appendix D.  If a laboratory changes prior to 

starting field work, an updated QAPP for the affected laboratory will be provided. 

C4 Data Quality Indicators 
Laboratory performance and analytical results will be checked through a QA validation and review.  

The review will assess analytical quality using five data quality indicators: completeness, accuracy, 

precision, comparability, and representativeness.  These categories are described below. 

���� Completeness – 100% percent of all samples collected should be analyzed as appropriate.  

Ninety percent (90%) of the results should be acceptable and useable for their intended 

purpose. 

���� Accuracy – Accuracy is a measure of the bias in a system.  Percent recoveries of laboratory 

control samples, laboratory blank samples, and surrogate recoveries in primary samples will be 

compared against laboratory control limits.  Laboratory acceptance criteria are provided in the 

laboratory QAPPs. 

                                                                    

1 EPA. 2009. Identification and Characterization Methods for Reactive Minerals Responsible for Natural 
Attenuation of Chlorinated Organic Compounds in Ground Water. EPA 600/R-09/115. December. 
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���� Precision – Precision is a measure of mutual agreement among individual measurements of the 

same property, usually under prescribed similar conditions. Precision is best expressed in 

terms of the standard deviation around the mean.  Field and laboratory precision of samples 

will be measured through the collection and analysis of duplicate samples.  Relative percent 

differences (RPDs) for duplicate samples should be 25% or less; however, it should be noted 

that comparison of low contaminant concentrations (less than 2 times the reporting limit (RL) 

for water and 5 times the RL for soils) often results in RPDs greater than 25%.  For sample 

results reported between the RL and 2 times the RL (5 times the RL for soils) the absolute 

difference between the two results should be less than the actual RL. 

���� Comparability – Comparability is the confidence with which one dataset can be compared to 

another.  Samples will be analyzed for similar parameters using the same sampling and 

analytical methods in order to compare data.  Laboratory acceptance criteria are provided in 

Table C4-1. 

���� Representativeness – Representativeness is the degree to which data accurately and precisely 

represent the true value of a characteristic of a population, parameter variations at a sampling 

point, a process condition, or an environmental condition intended to be characterized.  

Representativeness of reported results depends upon a number of considerations including, but 

not limited to, proper monitoring design; selection of appropriate field methodology; proper 

sample preparation; preservation and handling; selection and execution of appropriate 

analytical methodology; and proper sample identification and reporting of results. 

Table C4-1 Analytical Methods, References, and Reporting Limits 

Parameter Matrix 

Sample Prep. 
Extraction Digest. 

Method 
Sample Analysis 

Method References Reporting Limit 

VOCs Groundwater, 
surface 

water, soil 

SW-846 Method 
5030C, 5035A 

Method 8260B,C EPA. Test Methods 

for Evaluating Solid 

Wastes. SW-846 3rd 
Ed., Update IV. 

Analyte 
dependent (1-
25 µg/L 
[water], 1-25 
µg/kg [soils] 
per method) 

Alkalinity Groundwater per method 310.1 or SM 2320 EPA. Method for 

Chemical Analysis of 

Water and Wastes. 
Mar. 1983. Or 
Standard Methods for 

the Examination of 

Water and 

Wastewater, 22nd 
Ed. 2012. 

1 mg/L 

Carbon dioxide Groundwater per method ASTM 513-11e1 or 
equivalent 

American Society of 
Testing Materials 

2 mg/L 

Carbon 
isotopes 

Groundwater per method Isotope ratio mass 
spectrometry 

EPA. A Guide for 

Assessing 

Biodegradation and 

Source Identification 

of Organic Ground 

Water Contaminants 

using Compound 

Specific Isotope 

Analysis (CSIA). Dec. 
2008. 

Analyte 
dependent 
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Parameter Matrix 

Sample Prep. 
Extraction Digest. 

Method 
Sample Analysis 

Method References Reporting Limit 

Chloride Groundwater per method 300 EPA. Method for 

Chemical Analysis of 

Water and Wastes. 
Mar. 1983. 

1 mg/L 

Cometabolic 
enzymes 

Groundwater per method Epifluorescent 
microscopy 

Information from 
Pacific Northwest 
National Laboratory 

Not applicable 

Iron, ferrous Groundwater per method Hach Method 
8146 (field kit) 

Hach. Water Analysis 

Handbook 2nd Ed. 
1992 

0.5 mg/L 

Magnetic 
susceptibility 

Soil per method Oscillator 
frequency 

measurement 

EPA. Identification 
and Characterization 
Methods for Reactive 
Minerals Responsible 
for Natural 
Attenuation of 
Chlorinated Organic 
Compounds in 
Ground Water. EPA 
600/R-09/115. Dec. 
2009. 

1 E-6 SI 

Methane, 
Ethane, Ethene 

Groundwater per method SW-846 method 
3810 modified 

EPA. Test Methods 

for Evaluating Solid 

Wastes. SW-846 3rd 
Ed., Update IV. 

10-20 µg/L 

Nitrate+/ 
Nitrite 

Groundwater per method 300 EPA. Method for 

Chemical Analysis of 

Water and Wastes. 
Mar. 1983. 

0.01 mg/L 

Sulfate Groundwater per method 300 EPA. Method for 

Chemical Analysis of 

Water and Wastes. 
Mar. 1983. 

1 mg/L 

Total Kiehldahl 
nitrogen 

Groundwater per method EPA 351.2, 351.4 EPA. Method for 

Chemical Analysis of 

Water and Wastes. 
Mar. 1983. 

0.1 mg/L 

Total organic 
carbon 

Groundwater per method SW-846 9060A EPA. Test Methods 

for Evaluating Solid 

Wastes. SW-846 3rd 
Ed., Update IV. 

1 mg/L (water) 

Total 
petroleum 
hydrocarbons 
(purgeable) – 
gasoline range 
organics 

Groundwater SW-846 Method 
8015B,C,D 

SW-846 8015B,C,D EPA. Test Methods 

for Evaluating Solid 

Wastes. SW-846 3rd 
Ed., Update IV. 

Analyte 
dependent (5-
25 µg/L 
[water]) 

Total 
Petroleum 
Hydrocarbons 
(extractable) – 
diesel range 
organics 

Groundwater SW-846 Method 
8015B,C,D 

SW-846 8015B,C,D Same as above 0.5 mg/L 
(water) for 
each 
constituent 

 

C5 Sample Custody and Documentation 
Chain-of-custody procedures document the identity of a sample and its handling.  Custody records 

trace a sample from its collection through all transfers of custody including delivery to the analytical 
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laboratory.  Internal laboratory records then document sample custody through its final disposition.  

Sample custody and documentation procedures and requirements are discussed in Section B3 of the 

FSP (Appendix B of the work plan). 

C6 Sampling Procedures 
The objectives of sampling procedures and field measurements are to obtain samples and 

measurements that accurately and precisely represent the environment being investigated.  Trace 

levels of contaminants from external sources must be eliminated through use of proper sampling 

techniques, proper sampling equipment, proper decontamination procedures, and experienced field 

personnel.  Field measurements and sampling for the field investigation program will be performed in 

accordance with accepted procedures.  Details of field procedures are provided in Section B2 of the 

FSP (Appendix A of the work plan). 

C7 Equipment Operation, Maintenance, Calibration, and 
Standardization 
All laboratory equipment will be operated, maintained, calibrated, and standardized in accordance 

with the laboratory’s QAPP.  All field equipment used during the NIC Site activities will be operated, 

maintained, calibrated, and standardized in accordance with manufacturer specifications.  Methods 

and frequencies are described in Table C7-1.  Each piece of field equipment will have a protocol 

package that contains, as appropriate, the following: 

���� Standard operating procedures, 

���� Routine preventative maintenance procedures, including a list of critical spare parts to be 

available in the field, 

���� Calibration methods and frequency and description of calibration solutions, 

���� Standardization procedures (traceability to known standards), and 

���� Precision and accuracy assessment procedures. 

All sample bottles used for sample collection during the field investigations will be supplied by the 

analytical laboratory as appropriate. 

Table C7-1 Field Equipment Calibration and Maintenance 

Instrument Calibration Schedule Maintenance Schedule 

pH/Conductivity/Temperature/ 
Dissolved oxygen/Oxidation 
reduction potential meter 
(e.g., YSI 556 or equivalent) 

Check calibration once daily (before first 
use) using standard solution (at least two 

solutions for pH), and re-calibrate as 
needed per manufacturer’s instructions. 

Clean following use by rinsing 
electrodes with distilled water. Keep 

electrodes in appropriate solution 
when not in use.  Replace batteries 

when required. 

Water level indicator Check performance before each use. Clean following use.  Replace batteries 
when required. 

 

C8 Analytical Procedures 
The laboratories chosen to perform the analyses of the water and soil samples collected from the NIC 

Site will conduct the analytical work according to the procedures specified in Table C4-1; analytical 
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laboratories are listed in Section C3.2.  All method-specific QC measures, such as external and internal 

standard calibration procedures, instrument performance verifications, quantification using method 

of standard additions, etc., that are suggested within any referenced method (e.g., GC Methods in SW-

846) must be performed. 

In general, the laboratories will adhere to “good laboratory practices"; those recommendations as 

promulgated in 40 CFR 792; criteria described in Method for Chemical Analysis of Water and Wastes, 

1983 (EPA-60014-70-020, revised March 1983); Test Methods for Evaluating Solid Wastes, (SW-846, 

3rd ed., Update IV); Compendium of Methods for the Determination of Toxic Organic Compounds in 

Ambient Air, January 1999 (2nd ed.); American Society of Testing Materials; Water Analysis Handbook, 

1992 (Hach, 2nd ed.); and Federal Register 40 CFR Part 136, October 1984. 

C8.1 Laboratory QA/QC Requirements 

Each contracted laboratory will have an approved QA plan in place that describes corrective actions 

and delineates QA responsibilities within the laboratory (see laboratory QAPPs, operations manuals, 

and other procedural documents in Attachments 1 through 5 and Appendix D).  Specific 

requirements for the frequency of analysis and control limits for general QC sample types are 

summarized in Table C8-1. 

C9 Data Reduction, Validation, and Reporting 
Reduction of laboratory measurements and laboratory reporting of analytical parameters shall be in 

accordance with the procedures specified for each analytical method (i.e., perform laboratory 

calculations in accordance with the method-specific procedure).  Any deviations from the analytical 

method shall be delineated in a procedure-specific standard operating procedure (SOP).  Any special 

reporting requirements (e.g., reporting concentrations in soil on a dry or wet weight basis) shall also 

be delineated in an SOP.  All method deviations and reporting or calculation variances will be fully 

documented by the project laboratory.  Analytical parameters shall be reported in units generally 

accepted within the industry such as micrograms per liter (µg/L).  Analytical results for solids will be 

reported on a dry weight basis. 

C9.1 Data Usability Procedures 

Complete data validation as defined by the EPA in National Functional Guidelines for Organic Data 

Review, 1990, is not currently anticipated to be performed during the NIC Site activities; however, all 

laboratory analytical data packages will be consistent with contract laboratory program and SW-846 

methods and deliverables.  Therefore, strict data validation according to EPA guidelines may be 

performed in some cases.  It is not currently envisioned that complete data validation is necessary 

except under the most extreme circumstances of a large amount of unacceptable laboratory analytical 

data.  All data will be assessed by qualified technical personnel for overall usability and accuracy, 

taking into consideration sample collection, handling, results of blind QC samples, and results of any 

statistical analyses performed on the data. 

A review of the analytical methodology employed for each analytical suite will be performed.  The 

review is intended to determine if the laboratory followed the specified analytical methods.  

Deviations from the prescribed methodology will be noted, and an assessment of the effect(s) on the 

resulting data will be made.  In addition, all laboratory QA/QC samples (e.g., surrogates, laboratory 

control samples, matrix spikes, laboratory duplicates, method blanks, initial and continuing 
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calibrations, etc.) will be reviewed and compared to control limits.  Holding times will also be 

evaluated.  Any data outside the control limits will be qualified.  Data usability procedures are 

described below. 

C9.1.1 QC Documentation 

Laboratory data are screened for inclusion and frequency of the necessary QC supporting information 

(detection limit verification, initial calibration, continuing calibration, reagent blanks, duplicates, 

spikes, etc.).  QC information not included, or of insufficient frequency, is cause to designate the 

affected measurement data as questionable or invalid.  Requests for reanalysis for additional QC-

supporting information may be made at this point. 

C9.1.2 Corrective Action 

QC data are then screened for results outside established control limits, and if out-of-control data are 

discovered, the laboratory-specified appropriate corrective action is also obtained from the 

supporting information.  Certain out-of-control data without appropriate corrective action are cause 

to designate the affected measurement data as questionable or invalid.  Requests for reanalysis or 

supporting data may be made at this point. 

As defined in the EPA methods, automatic corrective action must be taken for specified out-of-control 

instrumental QC checks and method blanks.  Recalibration is required of any instrument until it meets 

calibration criteria, and reanalysis of the associated samples is required for out-of-control Initial and 

Continuing Calibration Verification Standards and Blanks (ICV/ICB and CCV/CCB), QC Check Samples, 

GC/MS instrument tunes, the Interface Change Proposal Interference Check, the Laboratory or Method 

Control Samples, surrogate spike recoveries, and internal standard responses.  The laboratory is 

required to demonstrate that the specified method detection limits (MDLs) are attained.  Corrective 

action is required for all methods used if any of the above QC measures do not meet criteria as 

specified in the applicable analytical method. 

Organic analytes found in preparation blanks are required to be less than the fixed laboratory’s RLs 

except as specified for certain common laboratory contaminants.  Reanalysis is required of any 

samples associated with an out-of-control preparation blank if the reported concentration in the 

samples of a specific analyte, which was also found in the blank, is less than 10 times the amount 

found in the blank. 

For all other QC samples, either a flag or no corrective action is specified.  This includes: 

���� Holding times (data will be flagged); 

���� Common laboratory contaminants found in organic blanks (value flagged as blank 

contaminated); 

���� MS/MSDs and duplicates (no corrective action); 

���� EPA approved standards (no corrective action). 

The existence of out-of-control, qualified results does not automatically invalidate data. 
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The goal to produce the best possible data does not necessarily mean producing data without QC 

qualifiers; some qualifiers can provide useful information.  Data qualifiers will be assigned by the 

laboratory, and where appropriate, by the data quality reviewer.  The following data qualifiers may be 

used: 

Data Qualifiers Added by the Laboratory 

���� ND = The analyte was analyzed for, but not detected.  The associated numerical value is at or 

below the MDL.  Used for Organics applications. 

���� U = The analyte was analyzed for, but not detected.  The associated numerical value is at or 

below the MDL. 

���� J = Indicates an estimated value.  Use justified by the following: 

- Value between RL and MDL 

- Estimated Tentatively Identified Compounds concentration assuming 1:1 response 

���� N = Presumptive evidence of the compound.  Used for Tentatively Identified Compounds in 

conjunction with "J". 

���� B = Analyte detected both in the sample and associated Method Blank.  "ND" or "U" combined 

with B is expressly prohibited; analytes flagged only when detected. 

���� E = Exceeds highest calibration standard or linear range. 

���� Q = One or more QC criteria (i.e., blank spike recovery, surrogate spike recovery) failed. 

Data must be carefully assessed by the prime contractor or project team with respect to the project-

specific requirements and evaluated for usability.  Subsequent assessment by the end data user may 

result in data rejection. 

"ND", "U", "J", "N", and "E" qualifiers are applied automatically by laboratory software.  Instances of 

blank contamination, presumptive evidence, and QC criteria failure require careful analyst’s review 

and are therefore applied manually.  Laboratory assigned qualifiers are defined in the analytical data 

report. 

Data Qualifiers Added by the Data Reviewer 

���� J = Data are considered estimated. 

���� JH = Data are considered estimated due to holding time violations. 

���� JS = Data are considered estimated due to surrogate recovery violations. 

���� JC = Data are considered estimated due to calibration violations. 

���� JM = Data are considered estimated because the duplicate injection precision was not met. 

���� JN = Data are considered estimated because the spike sample recovery was not within control 

limits. 

���� JD = Data are considered estimated because the duplicate analysis criteria were not met. 

���� JE = Data are considered estimated because the reported value obtained is outside of the linear 

range of the instrument. 

���� R = Data are rejected. 
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���� RH = Data are rejected due to holding time violations. 

���� RS = Data are rejected due to surrogate recovery violations. 

���� RC = Data are rejected due do calibration violations. 

C9.1.3 Precision, Accuracy, Representativeness, Completeness, and Comparability 
Parameters 

Measurement data may be reduced and validated in accordance with recognized EPA procedures.  

These procedures generally include consideration of the following parameters.  The items in bold 

italics will be included in evaluations of the NIC Site data. 

Precision 

���� Examining replicate samples for a range of values, 

���� Determining if sampling error has occurred by comparing scatter, 

���� Evaluating data on groups of samples that should all have similar composition (by analytical 

batch and by sample matrix) by examining the scatter in each group in comparison to the 

overall scatter (invalid data are discarded), and 

���� Computing an overall relative standard deviation that is applicable to all the field investigation 

data from a particular sampling campaign. 

Accuracy 

���� Computing percent recoveries for spiked samples, 

���� Applying Chauvenet's criterion for detecting bad recovery data, and 

���� Determining the range of uncertainty at a given level of confidence. 

Representativeness 

���� Describing nonconformance with approved sampling and analytical methodologies and 

evaluating their effects on representativeness, 

���� Examining the results of QC blanks for external sample contamination (external 

contamination may be cause for invalidation), and 

���� Invalidating non-representative data or identifying data to be classified as questionable (only 

representative data shall be used in subsequent data reduction and validation activities). 

Completeness 

���� Computing the fraction of measurement data that remained valid after discarding any 

invalid data due to physical, accuracy, or precision reasons (to be computed as a fraction of 

the total planned and total collected samples). 

Comparability 

���� Identifying pertinent data characteristics that may limit comparability to other data sets. 

C9.1.4 Database QC 

Validated data and appurtenant precision and accuracy statements shall be entered into a project 

database management system.  Duplicate data entry or item-by-item independent entry checks shall 
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be performed as a QC check of entry accuracy.  Computerized data storage may also be routinely 

verified using a software test program designed to verify accurate data retrieval (both sorted and 

unsorted). 

C9.1.5 Data Usability and Reduction Package 

The entire data usability and reduction package, plus the database management system output, shall 

be provided in a format that presents a summary of the samples collected, data results, and associated 

QA/QC that defines the analytical quality of the data.  A detailed summary of the data review for all 

data collected during the NIC Site activities will be provided in the final investigation report.  Data 

review summary reports will consist of an evaluation of the following data quality components: 

���� Holding times, 

���� Surrogate spikes, 

���� Matrix spikes, 

���� Duplicates, 

���� Initial and continuing calibrations, 

���� Compound quantitation and identification, and 

���� Transcription checks. 

A data quality review section will be provided in the investigation report.  The data quality review will 

consist of an overall assessment of both field and laboratory QC including a review of whether the 

number of QC standards and checks actually run met the specified method protocols.  The data quality 

review will have both field and laboratory QC components, as described below. 

Field QC 

Potential field QC samples include: 

���� Trip blanks, 

���� Decontamination rinsate blanks, and 

���� Field duplicates. 

Laboratory QC 

Laboratory QC samples include: 

���� Method blanks, 

���� Surrogate spike recoveries, 

���� MS/MSD recoveries, 

���� Laboratory control sample recoveries, 

���� Duplicate precision, and 

���� Blind performance sample recoveries. 

An overall assessment evaluating the precision, accuracy, representativeness, completeness, 

comparability, and overall usability of the data will be provided.  A discussion of qualitative data 
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relative to MS/MSD results is not appropriate, in that results from MS/MSDs are sample dependent 

and only 1/ 20 samples will be analyzed as a MS/MSD.  Deviations from the accepted QA/QC limits 

will be addressed in the summary and affected samples will be identified and appropriately qualified. 

C9.2 General Approach for Optional Data Validation and Assessment 

Data quality and utility depends on many factors, including sampling methods, sample preparation, 

analytical methods, quality control, and documentation.  Subcontractors, such as laboratories or 

sampling personnel, must be advised of all applicable documentation and procedural requirements.  

Once the data are assembled, satisfaction of all validation criteria will be documented as listed below.  

Chemical data must meet criteria of: (1) quantitative statistical significance; (2) custody and document 

control; and (3) sample representativeness.  Physical data include: (1) sampling location, time, and 

personnel; (2) documentation; and (3) methodologies. 

Documentation may be either direct (e.g., listing of dates, names, methodologies, etc.) or by reference 

to existing documents.  Any reference documents will be specifically identified.  The precise and 

retrievable location of nonstandard documents (e.g., in- house procedures manuals, chain-of-custody 

forms, and laboratory reports) will be stated. 

To determine the quantitative statistical significance of chemical data, the following items will be 

documented as appropriate (e.g., with laboratory records, laboratory SOPs by reference to an 

approved SOP manual, or with equipment manufacturer/supplier records). 

1. Laboratory/field instrumentation, including calibration data, standard methods, and 

references; 

2. Proper sample bottle preparation; 

3. Laboratory analysis methods, including method references; 

4. Laboratory analysis detection limits; 

5. Verification of standards using EPA or National Bureau of Standards reference materials; 

6. Analysis of laboratory blanks, spikes, duplicates, etc., as specified in this QAPP and 

referenced protocols; 

QC limits shall be consistent with the limits provided in the laboratory QAPPs, operations manuals, 

and other procedural documents in Attachments 1 through 5 and Appendix D.  Analysis of field 

duplicates, blanks, and other QC sample types shall be performed as specified herein (QAPP, Section 

B10) and in the FSP (Appendix B of the work plan). 

To evaluate the custody and document control for samples and results, the following items will be 

documented: 

1. Field custody noted in field log book or transfer-of-custody documentation for sample 

collection, handling, and shipment; 

2. Laboratory custody documented by transfer-of-custody documentation from either field 

personnel or shipper; 

3. Laboratory custody documented through designated laboratory sample custodian with 

secured sample storage area; 
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4. Traceability of sample designation number(s) through entire monitoring system; 

5. Maintenance and storage of all field notebooks, laboratory data, and all custody documents; 

6. Completion of all forms and log books (indelible ink without alterations except as crossed-

out [not erased] and initialed); 

7. Identity of sample collector; and 

8. Dates of sample collection, shipping, and laboratory analysis. 

In some cases, the handling of a sample while in the custody of one individual may not be properly 

documented.  In addition, written documentation of transfers of custody between two individuals may 

be lost.  In such cases, it may be necessary to rely on the custodian's verbal testimony that the sample 

remained secure or that a transfer was made to another individual.  If there is any chance that the 

custodian's testimony will be seen as unreliable, the data produced as a result of that sample may be 

rejected. 

The existence of appropriate and proper documentation associated with a sample's analysis may be 

judged as acceptable in a court of law; however, the possibility exists that individual testimony as to 

the proper application of all procedures may be required as well. 

To determine sample representativeness, the following items must be checked: 

1. Compatibility between field and laboratory measurements or suitable explanation of any 

discrepancy; 

2. Sample preservation technique and holding time; 

3. Sample storage within suitable temperature, light, and moisture conditions; 

4. Use of proper sample containers (e.g., inert for the parameter[s] of interest); 

5. Use of proper sample collection equipment; 

6. Use of proper decontamination procedures; 

7. Use of proper laboratory preparation techniques (e.g., drying, aliquoting, digestion, 

extraction); and 

8. Evaluation of proper sample site selection criteria to provide representativeness. 

To evaluate the physical data that support the analytical data, the following items should be 

documented: 

1. Sampling date and time; 

2. Sampling team, including observation taker, recorder, and FTL; 

3. Sampling location and physical description (e.g., tilled, rangeland, type of vegetation, 

monitoring well type, etc.); 

4. Sample depth increment; 

5. Sample collection techniques; 

6. Field preparation techniques (e.g., compositing, phase separating, etc.); 
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7. Visual classification of sample using an accepted classification system; 

8. A thorough description of the methodology used and a rationale for the use of that 

methodology (as included in the project Work Plan, QAPP, and any SOPs); and 

9. Examination of documentation of recordkeeping practices 

C9.3 Field Measurement Data 

Validation of data obtained from field measurements (e.g., pH, specific conductivity, temperature, etc.) 

will be performed by the project geologist.  Validity of all data will be determined by checking 

calibration procedures utilized in the field as appropriate; evaluating duplicate and control sample 

analyses; and by comparing data to previous measurements obtained at the site.  Large variations 

(greater than 10%) will be examined in association with changes in local conditions and general 

trends.  Variations in data that cannot be explained will be assigned a lower level of validity and will 

be used for limited purposes.  The project geologist will summarize the data obtained from field 

measurements in field books. 

C9.4 Final Reporting and Report Archival 

Upon successful completion of the data validation process and assessment of data usability, all data 

generated for the NIC Site will be entered into a database management system.  Data summaries and 

results will be available.  Copies of all analytical data and/or final reports are retained in the 

laboratory files and, at the discretion of the laboratory manager; data will be stored on computer disks 

for a minimum of 6 months.  After 6 months, or whenever data become inactive, the files will be 

transferred to data archives.  Data may be retrieved from archives, upon request. 

C10 Quality Control Checks 
This section presents QC checks that will be conducted during the field activities to ensure that all 

measurements and samples collected during the investigation result in data of known quality.  The 

following sections present the types and frequency of QC samples that will be collected. 

C10.1 Field External Quality Control Checks 

The following types of QC samples may be collected in the field for laboratory analysis along with 

other collected samples: 

���� Blind decontamination rinsate blank, 

���� Trip blanks, and 

���� Blind field duplicates. 

The type and frequency of these field QC samples are provided in Sections B2 and B4 of the FSP 

(Appendix B of the work plan).  Because the laboratory may not use field blanks for duplicate 

analyses or for matrix spiking, all field blanks will be shipped "blind”; however, the particular non-

field blank sample(s) to be used for duplicate and MS/MSD analyses will be specified to the laboratory. 

C10.1.1 Blind Decontamination Rinsate Blank 

The rinsate blank serves as a check to verify the effectiveness of decontamination procedures.  

Decontamination rinsate blanks will be comprised of the final analyte-free rinse water (deionized or 
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distilled water) from decontamination of field equipment.  The rinsate blank is prepared by pouring 

distilled/deionized water through/over the sampling equipment and into the sample container after 

equipment decontamination.  During DPT sampling, a blind decontamination rinsate blank will be 

collected at a target frequency of one 1/20 or 1/day.  During the monitoring well and surface water 

sampling programs, a blind decontamination blank will be submitted on a 1/20 basis only if non-

dedicated equipment is used during the sampling effort.  If analytes pertinent to the project are 

detected in the rinsate blanks, the frequency of decontamination blank collection will be reevaluated.  

Decontamination rinsate blanks will be analyzed for the same parameters as the samples taken during 

the field activity for which the tooling was used. 

Rinsate samples collected during the DPT groundwater sampling will be collected after the final rinse 

water is poured over and through the drop-screen tool.  Rinsate samples will be collected from the 

final rinsate water run through the Grundfos sampling pump if one is used to sample the monitoring 

wells.  No rinsate samples will be collected during the monitoring well or surface water sampling 

unless non-dedicated equipment is used. 

C10.1.2 Trip Blanks 

The trip blank (required only when VOC analyses are to be performed) is a sample bottle filled with 

analyte-free water that is prepared by the laboratory, carried to the sampling site, and remains with 

other field sample bottles during any storage and return shipping to a project laboratory.  One trip 

blank will be submitted per cooler of VOC samples shipped to the offsite laboratory.  Trip blanks will 

be analyzed for VOCs by Method 8260B. 

C10.1.3 Blind Field Duplicates 

Field duplicates are co-located samples within a single sampling location that are collected identically 

and consecutively over a minimum period of time.  This type of field duplicate provides a measure of 

the total system variability (field and laboratory variance) including the variability component 

resulting from the inherent heterogeneity of the field sources.  Duplicates will be collected at a 

minimum rate of 1/20 of the samples collected.  Duplicate samples will be collected, preserved, 

packaged, labeled, and sealed in manners identical to the other samples being collected.  Duplicate 

groundwater samples will be collected immediately after collecting the original sample.  Duplicate 

samples will be analyzed for the same parameters as for the original sample. 

C10.1.4 Laboratory QC Samples 

Additional sample volumes will be collected on a 1/20 sample frequency for the number of samples 

submitted to the offsite laboratory.  These additional sample containers will be used by the laboratory 

for their internal laboratory (MS/MSD) control program. 

C10.2 Electronic Database QC 

Laboratory analytical will be electronically transferred to the database management system.  This 

transfer will be checked for accuracy by performing a 10% QC check of the database management 

system against the laboratory deliverable.  If greater than 5% of the entered values are found in error, 

an additional 100% QC check will be performed.  Electronic databases manipulated by computer 

programs will have a minimum of 5% of data checked to ensure the programs functioned correctly. 
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C11 Audit Procedures 
Internal audits are the responsibility of the QA manager and will be performed on an as-needed basis.  

Internal system, evidentiary, and performance audits may also be conducted; if problems are 

discovered, additional audits may be performed.  System audits are qualitative reviews of project 

activities to verify that the overall QA program is functioning properly.  Evidentiary audits are checks 

on all project documentation that could potentially be required for legal proceedings.  Performance 

audits are quantitative checks on different aspects of internal support or project work, and are most 

appropriate for environmental sampling and analysis activities. 

Subsequent to each audit, the QA manager will develop an audit report that summarizes the findings, 

including those areas found to be in nonconformance (if any) and the proposed corrective measures.  

This audit report will be prepared in memo form and submitted to the project manager for inclusion 

in the project file. 

Field performance audits will be conducted when there is sufficient evidence that a potential problem 

may exist; potential problems may include inconsistent sample results as compared to split data, 

historical data, or expected data.  A field performance audit consists of a field visit to verify that all QA 

procedures set forth in the QAPP and the FSP are being followed.  The auditor will compare the 

sampling, collection, and documentation procedures as stated in project documents to what is actually 

being performed in the field.  Discrepancies will be noted and the appropriate field personnel will be 

notified so that corrections can be made immediately.  A formal field performance audit report will be 

produced and delivered to the project manager and field personnel.  A copy will also be submitted to 

the files.  The project manager is responsible for seeing that all recommended corrections occur. 

C12 Corrective Action 
An important part of a QA program is a well-defined, effective policy for correcting problems.  The QA 

program operates ideally to prevent problems, but it also serves to identify and correct those that 

exist.  Usually these problems require either immediate corrective action or long-term corrective 

action. 

The corrective action system used during the NIC Site activities is designed to quickly identify and 

solve problems.  The QA manager is responsible for directing this system, and receives full support 

from management for its implementation.  The essential steps are to: 

���� Identify and define the problem; 

���� Assign responsibility for investigating the problem; 

���� Determine a corrective action to eliminate the problem; 

���� Assign and accept responsibility for implementing the corrective action; 

���� Implement the corrective action; 

���� Verify that the corrective action has eliminated the problem; and 
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���� Document the problem identified, the corrective action taken, and its effectiveness in 

eliminating the problem. 

Corrective action procedures that will be used to resolve deficiencies found during routine activities 

or QA audits of field, laboratory, or office activities are described below. 

C12.1 Corrective Action Resulting from Routine Activities 

Deficiencies found during normal routine activities will be resolved by implementing corrective action 

as part of normal staff operating procedures.  Corrective actions of this type will be noted in the field 

or laboratory notebook; no other formal documentation is necessary unless further corrective action 

is required.  If normal procedures do not solve the problem, staff will document the problem in a 

formal memo addressed to the QA manager and copied to the project file. 

C12.2 Corrective Action Resulting from QA Audits 

Deficiencies encountered during a QA audit will be corrected as soon as possible.  The project manager 

is responsible for implementing appropriate corrective action.  The procedures used to expedite 

corrective action include: 

���� The auditor verbally notifies the project manager of deficiencies found; 

���� The project manager institutes corrective action as soon as possible; and 

���� The QA manager distributes the audit report, field notes, and memos related to the audit to the 

project manager, the client, and the KDHE. 

C13 Quality Assurance Reports to Management 
The investigation report will have a QA section that addresses the quality of data resulting from field 

and laboratory measurements and discusses the limitations (if any) of these data.  The QA section will 

address the following points as appropriate: 

���� Adherence to the FSP, QAPP, and Work Plan.  Deviations will be explained. 

���� Precision, accuracy, and completeness of the data reported, in quantitative terms, as compared 

with the objectives set for those parameters. 

���� Representativeness and comparability of data, in qualitative terms, as compared with objectives 

set for those parameters. 

���� Changes and revisions to the documents governing field work. 

���� Summary of QC activities, including development of SOP and QC procedures. 

���� Summary of QA activities: 

- Results of performance and/or system audits, 

- Description of quality problems found, and 

- Description of corrective actions taken. 



Appendix C  •  Quality Assurance Project Plan 

 

C-18 
K:\2395 - Wichita\NIC_Wichita\7.0 Reports & Studies\7.17 MNA Study\Work plan\Appendices\Appx C - QAPP\Appx C_NIC MNA_QAPP.docx 

Measurement reports generated as a result of field and laboratory activity will be reviewed by the QA 

manager or designee, the project manager, and the KDHE.  

 



Table C8-1

North Industrial Corridor (NIC) Site

Sample QC Analysis Frequency and Control Limits

Control Minimum Control Limit 
1

Minimum Control Limit 
1

Minimum Control Limit 
1

Minimum Control Limit 
1

Minimum

Parameter(s) Matrix Limit Frequency (RPD) Frequency (%R) Frequency (%R) Frequency (%R) Frequency

Volatile organic 

compounds

Groundwater, 

surface water, 

soil

Less than RL
1 per 20 

samples
__

1 per 20 

samples 
__

1 per 20 

samples
__

1 per 20 

samples
__ Each sample

Alkalinity Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
Not applicable

Not 

applicable
__

1 per 20 

samples
Not applicable Not applicable

Carbon dioxide Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Carbon isotopes Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Chloride Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Cometabolic 

enzymes
Groundwater Less than RL 1 per day __

1 per 10 

samples
__

1 per 

shipment
__

Not 

applicable
Not applicable Not applicable

Magnetic 

susceptibility
Groundwater Less than RL

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Methane, Ethane, 

and Ethene
Groundwater Less than RL

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Nitrate/Nitrite Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Sulfate Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Total Kiehldahl 

nitrogen
Groundwater Less than RL

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Total organic carbon Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
Not applicable Not applicable

Total Petroleum 

Hydrocarbons 

(purgable and 

extractable)

Groundwater Less than RL
1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__

1 per 20 

samples
__ Each Sample

-- = Laboratory-specific lower control limit, upper control limit, or maximum RPD

RL = Reporting limit per laboratory QAPP under separate cover 
1 

= Varies by analyte; refer to laboratory QAPP under separate cover

Laboratory Control Sample Surrogate SpikesMethod Blank Duplicate Sample Matrix Spike Sample

Appx C_QAPP Table C8-1_QC freq & CLs_tb.xls
Page 1 of 1
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 SAMPLING EQUIPMENT 

 

 

EQUIPMENT 

Probing Machine and Related Sampling Equipment 

• Geoprobe 4200 & 5400 Series Hydraulic Probe Machines 

• Geoprobe 6620 Track Units 

• Geoprobe 54DT Track Unit 

• On-board vacuum/volume system for vapor extraction 

• Hardened alloy steel probe roads (1.25” x 3,4,5’ flights) 

• Larger diameter (2.125” & 3.25”) probe rods for mini-well installation and track unit use 

• Hollow Stem Augers for shallow (<30’) 2” conventional wells 

• Soil sampling tools:  4 & 5 ft. macros & 4 & 2 ft. discreet large-bore sampler 

• Groundwater sampling tools:  2 & 4’ mill-slotted, 4’ stainless steel screen 

• Groundwater screen implants 

• Expendable Drive Points 

• Polyethylene tubing for sampling 

• Soil Gas sampling tools:  PRT system 

• Soil Electrical Conductivity System 

• Grout Pump 

• Generators 

• Water Tanks 

• Power Washers 

• Holding tanks 

Analytical Equipment 

• Shimadzu model GC-14A laboratory grade gas chromatograph 

• Hewlett Packard model 5890A Series 2 computerized laboratory gas chromatograph 

• Shimadzu model CR-7A Chromatopac Data Processor for Chromatography 

• P/E Nelson model  970A chromatography signal interface 

• P/E Nelson Analytical Turbochrom 4.0 series integration software  

• Three detectors – Flame Ionization (FID), Electron Capture (ECD), & Photoionization (PID) 

• Temperature-controlled laboratory oven  

• Odyssey Spectrophotometer 

EQUIPMENT SPECIFICATIONS 

Gas Chromatograph (GC-14A) 

• Two temperature-controlled injector ports and three detectors (FID, ECD, & PID) 

• Temperature Range from -80°C to +399°C 

• Provides 5 Program Ramping Stages with a maximum temperature range of 40°C/minute 

• Injection Port Range is 399°C 
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Data Integrator (CR-7A) 

• Contains 2 imprint channels. 

• Maximum peak number for identification:  1000 peaks 

• Minimum peak width processed:  0.04 seconds (width at half-height) 

• Linearity:  less than 0.1% 

• Dynamic Range:  10E6 

• Disk Drives:  3.5” hard disk drive (40 Mbyte), 3.5” floppy disk drive (1.6 Mbyte) 

Gas Chromatograph (HP-5890 Series 2) 

• Two temperature-controlled injector ports and three detectors (FID, ECD, & PID) 

• Temperature Range from -80°C to +450°C 

• Connected in-line with Tekmar Purge and Trap 

• Provides 3 Program Ramping Stages with a maximum temperature range of 40°C/minute 

• Injection Port Range is 0-399°C 

 

Signal Interface/Chromatography Integrator (Nelson model 970A) 

• Contains 2 imprint channels. 

• Maximum peak number for identification:  1000 peaks 

• Minimum peak width processed:  0.04 seconds (width at half-height) 

• Linearity:  less than 0.1% 

Megabore Column 

• Maximum temperature:  260°C 

• Type of Column:  J&W DB-624 

• Length of Column:  30 meters 

• Outer Diameter:  0.543 mm 

 

PRELIMINARY INSTRUMENT OPERATING CONDITIONS  

 

The Hewlett Packard 5890A Series 2 Gas Chromatograph or the Shimadzu Gas Chromatograph 14-A 

(GC), each equipped with a photo-ionization detector (PID) and an electron capture detector (ECD) in 

series, will be utilized to analyze the samples.  The GC column temperature will run isothermally for 3 

minutes at 50° C, then temperature ramp at 10°C/min to 170°C, while the injector temperature is at 180° 

C and the detectors are at 225° C. 

 

It should be noted that the instrument operating conditions noted above are preliminary.  The conditions 

will be modified in the field, as necessary, to optimize instrument performance.   

 

* * * * * 
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SAMPLE COLLECTION & ANALYSIS 

 

 

ANALYTES OF INTEREST 

Soil gas, soil and groundwater samples will be collected from the sites of interest. The target compounds 

analyzed for during this project are anticipated to be, Carbon Tetrachloride (CCL4), Chloroform (CFM), 

Cis-1,2 Dichloroethene (DCE), Trichloroethene (TCE) and Tetrachloroethene (PCE), as well as Benzene, 

Toluene, Ethylbenzene and Xylenes (BTEX).  For optimum detection of the analytes of interest, the gas 

chromatograph (GC) will be equipped with photoionization detector (PID) and an electron capture 

detector (ECD) in series.   

SAMPLE COLLECTION PROCEDURES 

To minimize cross-contamination of samples, each test hole is probed with pre-cleaned sampling rods.  

Pre-cleaning consists of steam-cleaning, washing with Alconox soap, and rinsing with deionized water.  

Enough probe rods are available so that they are used only once between decon periods.  In addition, 

disposable gloves, polyethylene tubing, and syringes are used for sample collection and analysis to 

minimize cross-contamination.  All disposable equipment is used only once. 

 

Procedures specific to the collection of soil gas, soil and groundwater are detailed in the following 

paragraphs: 

 

Soil Gas Sampling Procedure 

Soil gas sampling procedures include advancing 1.25-inch outer diameter (O.D.) probe rods with a 

threaded point holder and disposable point to the desired sampling depth on each test hole. Polyethylene 

tubing (1/4” dia.) is then lowered down the inner diameter of the probe rods and threaded onto the 

threaded point holder.  An o-ring is utilized to ensure a tight seal surrounding this threaded fitting.  The 

probe unit is then used to retract the rods approximately 2- to 4-inches, thereby disengaging the 

disposable drive point attached to the threaded point holder.  Once a space or void has been made for soil 

gas extraction, the tubing is purged, utilizing the on-board vacuum system, to remove any extraneous air 

present in the polyethylene tubing. 

 

Once purged, a soil gas sample is collected using a disposable syringe.  The soil gas sample is collected 

by first pinching off the upper sample tubing, puncturing the tubing directly above the upper probe rod 

with the syringe, and evacuating 0.50 cc of soil gas from within the tubing into the syringe.  The sample, 

0.50 cc of soil gas, is then immediately injected into the GC for analysis. 

Soil Sampling Procedure 

Soil sampling procedures include vertically profiling the soils to the desired sampling depths or probe 

refusal.  Continuous profiling procedures include attaching a 4-ft. in length Geoprobe macro-core soil 

sampler to the leading probe rod, and advancing the sampler in 4-ft. increments from the ground surface 

to the desired sampling depths.  Discreet profiling procedures include attaching a closed piston-assembled 

4-ft. in length Geoprobe macro-core soil sampler to the leading probe rod, and advancing the sampler in 

4-ft. increments from the ground surface to the desired sampling depth.  Once at depth, small diameter 

(1/8”) extension rods are lowered down the I.D. of the probe rods until they make contact with the piston 

rod and the reverse-threaded, piston rod stop pin.  The stop pin is unthreaded freeing up the inner piston 
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rod and driving point.  The 4-ft. sampler is then advanced filling the sample tube with the discreet sample.     

The sampler is equipped with an inner PVC, transparent liner, useful for logging purposes.  The filled 

liners are placed on visqueen and placed on the ground surface for visual observation.  Soil samples are 

then collected and logged by Client personnel.  Once a selected sample has been determined, EPS will 

conduct the on-site analysis of the soil samples.  Selected duplicate samples will be sent from the Client 

to a certified laboratory for analysis. 

 

Groundwater Sampling Procedure 

Once it has been determined that depth to groundwater is within sampling range of the hydraulic probe 

and that sufficient water is available for sampling, groundwater samples will be collected for analysis.  A 

1-inch by 2-foot length of mill-slotted groundwater sampling tool, which is attached to the leading probe 

rod, is advanced in 3-foot sections to the desired sampling depth at each test hole.  A larger diameter (1.5-

inch) pre-probe point is connected to the bottom end of the mill-slotted tool.  This pre-probe point is used 

to prevent the mill-slots from plugging with sediment as the rods are advanced to depth.  If conditions do 

not warrant mill-slot usage due to the presence of too much clay or too small fines, then a Geoprobe 

SP-15 Screen Point Sampler will be used.  This sampler is equipped with an inner 4-foot length of mesh-

wire screen.  Once the rods and SP-15 sampler are advanced to depth, the rods are retracted 

approximately 4 feet, which exposes the inner screen.  Once groundwater has infiltrated the sampler, a 

groundwater sample can be collected. 

 

Prior to sample collection, a groundwater depth measurement will be taken using a Solinst water level 

indicator.  Static water levels are taken by lowering the water level indicator inside the probe rods until 

contact with water occurs.  The water level is then measured to within 1/100
th
 of an inch. 

 

Temporary 1 inch and 2 inch PVC wells may also be utilized to facilitate groundwater collection in some 

settings where insufficient groundwater volume is available for immediate sampling.  Groundwater 

collection procedures from probe rods or pvc are as follows:   

 

To collect the groundwater sample, the on board vacuum/volume system, a peristaltic pump, or a ball-

and-seat check valve system is used.  Whichever system is utilized, depending on hydrologic conditions, 

3/8” polyethylene tubing will be used to collect the groundwater samples.  The 3/8” tubing is lowered 

down the inside of the probe rod until it reaches the bottom of the screened section or SP-15 sampler.  An 

up-down motion of the tubing allows groundwater to infiltrate up through the tubing to the ground surface 

if the ball-and-seat check valve system is used.  Utilizing the vacuum/volume system, groundwater is 

extracted through the tubing by using a vacuum of no more than 21 inches of mercury.  Once a sufficient 

amount of the groundwater has been purged from the sampling string, the tubing is pinched off at the 

ground surface and pulled from the probe rods.  Groundwater is then immediately transferred from the 

lower end of the tubing directly into 40-ml vials.  The vials are filled to minimize the headspace, and the 

samples are placed on ice and set aside awaiting analysis.  Depending upon groundwater availability, a 

minimum of two 40-mL vials is typically collected at each sample location.   

 

VERIFICATION OF REPORTING LIMITS 

The reporting limit for each compound is determined by the sensitivity of each detector that is utilized.    

Prior to field activities, the reporting limits will be verified as described in the following paragraphs. 

Verification of Soil Gas Reporting Limits 
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The reporting Limits than can be met for this project are anticipated to be 2 ug/l for  CCL4, CFM, DCE, 

TCE, PCE and BTEX.   To verify the reporting limit, a standard is made for each analyte of interest, or a 

commercially prepared standard is utilized.  The gas standard is made from stock solutions of the target 

compounds preserved in methanol.    The distributor (Chem Service) guarantees the concentrations of the 

stock solutions are 100ug/ml plus or minus 5% in methanol.  To produce a 5 ug/l gas standard, 50 

microliters (µl) of each stock solution is injected into a 1000-ml glass bulb.  To produce a 50 ug/l gas 

standard, 500 µl of the stock solution is injected into a 1000-ml glass bulb, and so on.   

 

The verification of the reporting limit is made by analyzing three (3) injections of the standard prepared at 

or below the chosen reporting limit.  If the instruments signal to noise ratio is 2.5 or greater, then the 

reporting limit has been verified.  If this criterion is not met, then the reporting limit should be increased 

accordingly. 

 

In order to meet data input requirements for the Shimadzu and P/E Nelson Analytical Data Processors, the 

average retention time and peak area is calculated for each analyte of interest during the verification 

process. The result of an internal 3-point calibration curve automatically determines a response factor, 

which enters into the Identification Table of the Data Processor.  The response factor, as defined/required 

by the Data Processor, is determined by dividing the known concentration of each individual compound 

within the standard by its average peak area.  Appropriate retention time windows are selected for the 

identification of each compound, based on degree of separation. 

 

Verification of Groundwater/Soil Reporting Limits 

To verify the 2 µg/L reporting limit, a standard is made for each analyte of interest.  The liquid standard is 

made from stock solutions of the target compounds preserved in methanol.    The stock solutions contain 

concentrations of the stock solutions at 100ug/ml plus or minus 5% in methanol.  

 

A 1:5 Working Standard is prepared using the stock solutions.   Standards are prepared in a 50cc 

volumetric flask for each calibration level using this compound mixture.   Three 40-ml vials are then 

prepared by transferring 20-ml of the Working Standard from the volumetric glassware.  Standards may 

also be prepared by spiking a half full 40-ml vial with the compound mixture.  The vials are placed in a 

temperature-controlled oven at approximately 90°C for approximately 15 minutes.  Once a vial has been 

thoroughly heated, 0.20 cc of headspace from within the vial is collected with a syringe and immediately 

injected into the GC for analysis. 

 

The verification of the reporting limit is made by analyzing three (3) injections of a standard prepared at 

or below the chosen reporting limit.  If the instruments signal to noise ratio is 2.5 or greater, then the 

reporting limit has been verified.  If this criterion is not met, then the reporting limit should be increased 

accordingly. 

 

In order to meet data input requirements for the Shimadzu and P/E Nelson Analytical Data Processors, the 

average retention time and peak area is calculated for each analyte of interest during the verification 

process. The result of an internal 3-point calibration curve automatically determines a response factor, 

which enters into the Identification Table of the Data Processor.  The response factor, as defined/required 

by the Data Processor, is determined by dividing the known concentration of each individual compound 

within the standard by its average peak area.  Appropriate retention time windows are selected for the 

identification of each compound, based on degree of separation. 
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CALIBRATION OF GAS CHROMATOGRAPH 

Prior to the start of field activities, the GC will be calibrated using a 3-point calibration.  Concentrations 

of  2ug/l will be utilized for the low level calibration and the other two levels will be determined based on 

expected contamination levels present within the soils.  Broader calibration ranges may need to be utilized 

if high concentrations of the analytes of interest are detected within the field.  This may be accomplished 

by a calibration check of a concentration range equivalent to the high concentration sample.  It is 

anticipated that the initial calibration may be sufficient for the entirety of this field activity.  Calibrations 

will be re-established if necessary.  The stability of the calibration will be assessed during the field 

program through the use of calibration checks (see Page 12,13 Quality Control / Quality Assurance). 

 

A chromatograph and area report is generated by the chromatography software for each standard that is 

analyzed.  Calibration reports that are generated by the chromatography software can be provided for an 

additional fee. 

 

Calibration of Gas Chromatograph for Soil Gas Samples 

Standards will be made at concentrations of 2, 25 and 50 ppb for each chlorinated analyte of interest.  The 

gas standard is made from stock solutions of the target compounds preserved in methanol. Concentrations 

of the stock solutions are 100ug/ml plus or minus 5% in methanol.  To produce each concentration of the 

gas standard, the appropriate volume of each stock solution is injected into a 1000-ml glass bulb.   

 

Once the gas standard has been made, a known volume (typically 0.50 cc) of the gas standard is injected 

into the GC for each concentration.   A calibration factor is calculated for each concentration of each 

target compound.  The ratio of the detector response (peak area or peak height) to the concentration of 

analyte in the calibration standard is defined as the calibration factor.  The CF is calculated as follows: 

 

 

  CF =  Peak Area (or Peak Height) of the Compound in the Standard 

      Concentration of the Compound Injected (ppb or µg/L) 

 

To evaluate the linearity of the initial calibration, the P/E Nelson integration software calculates a 

correlation coefficient (CC) by linear regression, from three calibration injections using a straight-line fit.   

The mean CF, the standard deviation (SD), and the relative standard deviation (RSD) can be manually 

calculated as follows: 
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Note:  In the preceding calculations n is the number of calibration standards and RSD is expressed as a 

percentage (%). 

 

If the RSD of the calibration factors is less than or equal to 25% over the calibration range for each 

compound of interest, then linearity through the origin is assumed.  The average calibration factor (mean 

CF) can then be used to determine sample concentrations by manual calculation. 

 

If the RSD for any target analyte exceeds 25%, then one or more of the following corrective actions will 

be necessary and will be performed in the following order: 

 

• Check the instrument operating conditions 

• Review the results (peak area) and subsequent calculations that do not meet the linearity criteria.  If 

the problem appears to be associated with a single standard or injection, that standard/injection may 

be reanalyzed and the calibration statistics recalculated. 

• Re-calibrate until all compounds meet the linearity criteria. 

 

Calibration of Gas Chromatograph for Groundwater/Soil Samples 

Standards are commonly made at concentrations of 2, 25 and 50 µg/L for each analyte of interest.  Please 

note that calibration ranges may be increased within the field if high concentrated samples detected 

cannot be diluted within the 100 ppb calibration range.  This may be accomplished by a calibration check 

of a concentration range similar to the high concentration sample detected within the field.  The liquid 

standards are made from stock solutions of the target compounds preserved in methanol.    The stock 

solutions contain concentrations at 100ug/ml plus or minus 5% in methanol.  A 1:5 Working Standard 

stock mixture is prepared using these stocks. 

 

Working Standards for each calibration concentration (i.e. 2, 25 and 50 µg/L) are prepared from 

Intermediate Standards.  Following preparation in a 50 cc volumetric flask, 20-ml of each calibration 

concentration is transferred to a 40-ml vial.  The standard can also be prepared by spiking a half full 40-

ml vial with the compound mixture.  The vials are placed in a temperature-controlled oven at 

approximately 90°C for approximately 15 minutes.  Once a vial has been thoroughly heated, 0.50 cc of 

headspace from within the vial is collected with a syringe and immediately injected into the GC for 

analysis. 

 

Linear regression is then used by the Turbochrom software to evaluate the linearity of the initial 3-point 

calibration by internal calculation of a correlation coefficient (r) that represents the “fit” of a straight line 

to the data.  A value of r=1.00 indicates a perfect fit.  Calibration is determined acceptable when r ≥0.98.  

Alternatively, the coefficient of determination (r
2
) can be determined.  Calibration of certain compounds 

with low detector response or short shelf life may be considered acceptable at a slightly lower coefficient.   

The Client will approve any deviance from the r ≥0.98 criteria prior to analysis of any samples. 

 

While the linear regression is performed internally by the Turbochrom software, it can also be performed 

manually using statistical procedures.  The linear regression calculations produce the slope and y-

intercept of a line of peak area versus compound concentration.  The linear equation is as follows: 

 

  y = ax + b 

 

Where: 
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 y = Peak area or height 

 a = Slope of the line 

 x = Concentration of target compound 

 b = y-intercept 

 

Alternatively, linearity of calibration can be manually evaluated using the average CF (CF).  Equations 

for the manual calculation of the mean CF, the standard deviation (SD), and the relative standard 

deviation (RSD) are used. 

 

Once each standard has been analyzed, a calibration factor is calculated (Shimadzu software) for each 

concentration of each target compound.  The equations for the mean CF, the standard deviation (SD), and 

the relative standard deviation (RSD) can be done manually as previously presented (See Page 8, 

Calibration of Gas Chromatograph for Soil Gas Samples). 

 

FIELD SCREENING & ANALYSIS 

Soil Gas Analysis 

At the beginning of each day of analysis, a gaseous calibration check and method blank analysis will be 

performed.   (See Page 12, 13) Quality Control/Quality Assurance, for further discussion of calibration 

checks and method blanks.)  Once it has been established that both the calibration check and method 

blank meets the acceptance criteria, field samples are analyzed.  As previously presented, a soil gas 

sample is collected from the sampling tubing using a disposable syringe.  The sample, 0.20 cc of soil gas, 

is then immediately injected into the GC for analysis.  After the analysis of 10 field samples, the method 

blank analysis is repeated.  The calibration check is repeated at the end of each day. 

 

Once the calibration is established, or the response factor defined (Shimadzu software) and retention time 

for each individual compound has been entered into the ID table of the GC, the GC’s Data Processor 

identifies each compound and reports the concentrations directly.  The concentration of an analyte in the 

sample can also be calculated manually using the following equation: 

Where: 

As = Peak area for the analyte in the sample 

 

D = Dilution factor (dimensionless).  If no dilution was necessary, D=1. 

 

CF = Mean calibration factor from the initial gas calibration (area per ppb) 

 

 

If a sample exhibits a concentration that potentially saturates the detector, dilution will be necessary.  For 

soil gas samples, dilution refers to injection of a smaller volume of soil gas into the GC. 

Soil Analysis 

At the beginning of each day of analysis, an aqueous calibration check and method blank analysis will be 

performed.   (See Page 12, 13) Quality Control/Quality Assurance, for further discussion of calibration 

( )( )
( )CF

DA
ppbionConcentrat s=,
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checks and method blanks.)  Once it has been established that both the calibration check and method 

blank meets the acceptance criteria, field samples are analyzed.  Following soil collection, 5 grams 

of soil are transferred into a separate 40-ml vial.  The vial is then filled to the half-full mark with 

deionized water (approx. 20 mLs.).  The vial is then shaken vigorously dissolving the soil into the DI 

water.  The vial is then placed into a temperature-controlled oven at 90°C for approximately 15 minutes.  

Once heated, the vial is removed from the oven, then 0.50 cc of headspace from within the vial is 

collected with a disposable syringe, and the sample is immediately injected into the GC for analysis. After 

the analysis of 10 field samples, the method blank analysis is repeated.  The calibration check is repeated 

at the end of each day. 

 

Once the calibration and/or response factor (defined previously) and retention time for each individual 

compound has been entered into the ID table of the GC, the GC’s Data Integrator identifies each 

compound and reports the concentrations in µg/L.  The concentration of the compounds within the soil is 

then converted to µg/Kg by multiplying the concentration reported in µg/L by the total volume of 

headspace (21 mL, actual) within the vial divided by the weight of the soil collected and analyzed (5 

grams). 

 

If a sample exhibits a high concentration that will potentially saturate the detector, dilution may be 

necessary.  Using the “back-up” vial collected at the sampling location, dilution will be performed by 

transferring less than 5 grams of soil into a 40-mL vial and adding deionized water until the total volume 

reaches the half-full mark on the vial.  The diluted sample is then analyzed as previously described.  As 

an alternative to preparing a dilution, a smaller volume of headspace could be injected into the GC.  In 

some cases, less soil may be used to increase dilution ranges. 

Groundwater Analysis 

At the beginning of each day of analysis, an aqueous calibration check and method blank analysis will be 

performed.   (See Page 12, 13) Quality Control/Quality Assurance, for further discussion of calibration 

checks and method blanks.)  Once it has been established that both the calibration check and method 

blank meets the acceptance criteria, field samples are analyzed.  Following groundwater collection, 20 ml 

of groundwater is transferred into a separate 40-ml vial.  The vial is then placed into a temperature-

controlled oven at 90°C for approximately 15 minutes.  Once heated, the vial is removed from the oven, 

0.50 cc of headspace from within the vial is collected with a disposable syringe, and the sample is 

immediately injected into the GC for analysis.  After the analysis of 10 field samples, the method blank 

analysis is repeated.  The calibration check is repeated at the end of each day. 

 

Once the calibration and/or response factor (defined previously) and retention time for each individual 

compound has been entered into the ID table of the GC, the GC’s Data Integrator identifies each 

compound and reports the concentrations directly.  The concentration of an analyte in the sample can also 

be calculated manually using the following equation: 

Where: 

As = Peak area for the analyte in the sample 

 

D = Dilution factor (dimensionless).  If no dilution was necessary, D=1. 

 

CF = Mean calibration factor from the initial aqueous calibration (area per µg/L) 

( )( )
( )CF

DA
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If a sample exhibits a concentration that may potentially saturate the detector, dilution will be necessary.  

Using the “back-up” vial collected at the sampling location, dilution will be performed by transferring 

less than 20 ml of groundwater into a 40-mL vial and adding cold deionized water until a total volume of 

20 ml of liquid is in the vial.  For example, a dilution factor of  2 would require 10 ml of groundwater 

sample and 10 ml of deionized water.  Likewise, a dilution factor of  5 would require 4 ml of groundwater 

sample and 16 ml of deionized water.  The diluted sample is then analyzed as previously described.  As 

an alternative to preparing a dilution, a smaller volume of headspace could be injected into the GC, or 

these procedures may be used in combination. 

  

QUALITY CONTROL / QUALITY ASSURANCE 

Calibration Check 

Calibration checks are performed to ensure that the relationship between instrument response and initial 

calibration is valid over the duration of the field effort.  Calibration check samples will be analyzed at the 

beginning and end of each day of analysis.   For the gaseous and aqueous calibration checks, a mid-point 

standard will be utilized.  Aqueous standards are prepared on-site.  The calibration checks regarding both 

aqueous and gas standards for each target analyte must fall within 25% of the true value. If this criterion 

is not met, then a second calibration check standard will be analyzed.  If the second standard also falls 

outside of acceptance criteria, then the standards may be used to re-calibrate prior to further sample 

analysis.  If field screened samples exhibit analyte concentrations greatly exceeding initial calibration 

ranges, calibration checks may include higher concentrations that reflect these levels. 

Blank Samples 

Method Blanks 

Method blanks will be run at the beginning of each day and following every 10
th
 sample to ensure a clean 

system.  For soil gas samples, the method blank consists of ambient air collected in a disposable syringe.  

For groundwater samples, the method blank consists of reagent water placed in a 40-mL vial and heated 

in the temperature-controlled oven for approximately 15 minutes at 90°C.  Once heated, 0.20cc of 

headspace from the vial is injected into the GC.  If a detection is noted within a method blank, then the 

blank analysis will be repeated.  If the associated field samples have similar detections, these samples will 

be reanalyzed if sufficient back-up volume was able to be collected. 

 

Rinsate Blanks 

Prior to the commencement of, or during sampling, rinsate blanks will be collected from syringes, 

soil/groundwater sampling tools, stirring rods, and/or sample vials to ensure that no cross-contamination 

has occurred.  If compound detection is noted within a rinsate blank, then the equipment will be re-

cleaned. If the associated field samples have similar detections, these samples will be reanalyzed if 

sufficient back-up volume was able to be collected. 

 

Duplicate Samples 

Duplicate samples are collected and analyzed to demonstrate the precision of the collection and analysis 

process.  Duplicate samples are collected and analyzed at a frequency of 10% of the total samples 
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collected.  Since duplicate sample results are dependent on both collection and analysis, the optimal 

deviation for duplicate samples is a relative percent difference (RPD) of less than or equal to 25%.  The 

RPD is calculated as follows: 

 

  

  Where: 

   C1 =  Measured Concentration of the first sample 

   C2 = Measured Concentration of the duplicate sample 

   RPD = Relative Percent Difference 

 

If the RPD between duplicate samples dramatically exceeds 25% and sufficient “back-up” sample volume 

was able to be collected, the sample may be reanalyzed. 

 

* * * * * 
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SECTION 3. INTRODUCTION, SCOPE AND APPLICABILITY 

3.1 Introduction and Compliance References  

TestAmerica Nashville’s Quality Assurance Manual (QAM) is a document prepared to define the 
policies, organization objectives, and functional responsibilities for achieving TestAmerica’s data 
quality goals.  Each TestAmerica laboratory maintains a local perspective in its scope of 
services and client relations and maintains a national perspective in terms of quality. 

The QAM has been prepared to assure compliance with The NELAC Institute (TNI) Standard 
dated 2009 (Volume 1 Modules 2 and 4) and ISO/IEC Standard 17025:2005(E).  In addition, the 
policies and procedures outlined in this manual are compliant with TestAmerica’s Corporate 
Quality Management Plan (CQMP) and the various accreditation and certification programs 
listed in Appendix 3.  The CQMP provides a summary of TestAmerica’s quality and data 
integrity system.  It contains requirements and general guidelines under which all TestAmerica 
facilities shall conduct their operations.  

The QAM has been prepared to be consistent with the requirements of the following documents:  

• EPA 600/4-88/039, Methods for the Determination of Organic Compounds in Drinking 
Water, EPA, Revised July 1991. 

• EPA 600/R-95/131, Methods for the Determination of Organic Compounds in Drinking 
Water, Supplement III, EPA, August 1995.  

• EPA 600/4-79-019, Handbook for Analytical Quality Control in Water and Wastewater 
Laboratories, EPA, March 1979.  

• EPA SW-846, Test Methods for Evaluating Solid Waste Physical/Chemical Methods 
(SW846), Third Edition, September 1986, Final Update 1, July 1992; Final Update IIA, 
August 1993; Final Update II, September 1994; Final Update IIB, January 1995; Final 
Update III, December 1996; Final Update IIIB, June 2005, and Final Update IV, January 
2008. 

• Federal Register, 40 CFR Parts 136, 141, 172, 173, 178, 179 and 261. 

• Manual for the Certification of Laboratories Analyzing Drinking Water (EPA-815-R-05-
004, January 2005) 

• Statement of Work for Inorganics & Organics Analysis, Multi-Media, Multi-Concentration, 
SOM and ISM, current revisions, USEPA Contract Laboratory Program 

• APHA, Standard Methods for the Examination of Water and Wastewater, 18th Edition, 
19th, 20th,  21st and on-line Editions.  

• Toxic Substances Control Act (TSCA). 

3.2 Terms and Definitions  

The Quality Assurance Program is a company-wide system designed to ensure that data 
produced by TestAmerica Nashville conforms to the standards set by state and/or federal 
regulations.  The program functions at the management level through company goals and 
management policies, and at the analytical level through Standard Operating Procedures 
(SOPs) and quality control.  The TestAmerica program is designed to minimize systematic error, 
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encourage constructive, documented problem solving, and provide a framework for continuous 
improvement within the organization. 

Refer to Appendix 2 for the Glossary/Acronyms.  

3.3 Scope / Fields of Testing  

TestAmerica Nashville analyzes a broad range of environmental and industrial samples.  Sample 
matrices vary among drinking water, effluent water, groundwater, hazardous waste, sludge, and 
soils.  The Quality Assurance Program contains specific procedures and methods to test samples 
of differing matrices for chemical and physical parameters.  The QA Program also contains 
guidelines on maintaining documentation of analytical processes, reviewing results, servicing 
clients, and tracking samples through the laboratory.  The technical and service requirements of 
all analytical requests are thoroughly evaluated before commitments are made to accept the 
work.  Measurements are made using published reference methods or methods developed and 
validated by the laboratory. 

The methods covered by this manual include the most frequently requested methodologies 
needed to provide analytical services in the United States and its territories.  The specific list of 
test methods used by the laboratory can be found on TestAmerica’s TotalAccess website.  The 
approach of this manual is to define the minimum level of quality assurance and quality control 
necessary to meet these requirements.  All methods performed by TestAmerica Nashville meet 
these criteria, as appropriate.  In some instances, quality assurance project plans (QAPPs), 
project specific data quality objectives (DQOs), or local regulations may require criteria other 
than those contained in this manual.  In these cases, the laboratory will abide by the requested 
criteria following review and acceptance of the requirements by the Laboratory Director, the 
Technical Director, and the Quality Assurance Manager.  In some cases, QAPPs and DQOs 
may specify less stringent requirements.  The Laboratory Director, the Technical Director, and 
the QA Manager must determine if it is in the laboratory’s best interest to follow the less 
stringent requirements.  

3.4 Management of the Manual  

3.4.1 Review Process  

The template on which this manual is based is reviewed annually by Corporate Quality 
Management Personnel to assure that it remains in compliance with Section 3.1.  This manual 
itself is reviewed biannually by senior laboratory management to assure that it reflects current 
practices and meets the requirements of TestAmerica Nashville’s clients and regulators as well 
as the CQMP.  Occasionally, the manual may need changes in order to meet new or changing 
regulations and operations.  The QA Manager reviews the changes in the normal course of 
business and incorporate changes into revised sections of the document.  All updates will be 
reviewed by senior laboratory management staff.  The laboratory updates and approves such 
changes according to the SOPs Document Control / NV08-152 and/or Management of Change / 
NV08-161. 
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SECTION 4. MANAGEMENT REQUIREMENTS 

4.1 Overview  

TestAmerica Nashville is a local operating unit of TestAmerica Laboratories, Inc.  The 
organizational structure, responsibilities, and authorities of the corporate staff of TestAmerica 
Laboratories, Inc are presented in the CQMP.  The laboratory has day-to-day independent 
operational authority overseen by corporate officers (e.g., Chief Executive Officer (CEO), 
Executive Vice President (VP) Operations, Corporate Quality, etc.).  The laboratory operational 
and support staff work under direction of the Laboratory Director.  The organizational structure 
for both Corporate and TestAmerica Nashville is presented in Figure 4-1.  

4.2 Roles and Responsibilities  

In order for the Quality Assurance Program to function properly, all members of the staff must 
clearly understand and meet their individual responsibilities as they relate to the quality 
program.  The following descriptions briefly define each role in its relationship to the Quality 
Assurance Program.  Due to the variable nature of terminology among the various States, the 
use of the words “Director” and “Manager” should be considered equivalent.  When necessary, 
more extensive job descriptions may be maintained by laboratory management.    

4.2.1 Additional Requirements for Laboratories  

The responsibility for quality resides with every employee of TestAmerica Nashville.  All 
employees have access to the QAM, are trained to this manual, and are responsible for 
upholding the standards therein.  Each person carries out his/her daily tasks in a manner 
consistent with the goals and in accordance with the procedures in this manual and the 
laboratory’s SOPs.  Role descriptions for corporate personnel are defined in the CQMP.  This 
manual is specific to the operations of TestAmerica’s Nashville laboratory. 

4.2.2 Laboratory Director  

TestAmerica Nashville’s Laboratory Director supervises all laboratory personnel and provides 
leadership and direction as needed.  The Laboratory Director is also responsible for ensuring 
compliance and integration of facility operations with corporate and regulatory policies and 
procedures. 

Specific responsibilities include, but are not limited to: 

• Manages the laboratory to provide a positive operating margin and meet annual 
budgetary goals. 

• Builds and maintains positive customer relationships and sales growth through direct 
interaction with customers and TestAmerica sales personnel. 

• Establishes and maintains an active and positive safety culture and ensures that the 
employee Health and Safety procedures are implemented and followed to maintain 
facility operations that are compliant with appropriate policies and regulations.  

• Reviews and approves Quality Assurance SOPs for the facility and ensures their 
implementation such that the facility is operated in a compliant manner which allows the 
production of defensible data.  
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• Prioritizes the activities of the operations groups to ensure key goals are achieved and 
customer service needs are addressed. 

• Communicates facility–specific goals and objectives to employees. Communicates and 
implements company iniatives designed to foster teamwork and communication.  

• Evaluates and maintains appropriate staffing levels to support operational needs and 
budgetary requirements.  

• Supports Human Resources function to ensure that all laboratory policies and programs 
are applied consistently throughout the laboratory. 

• Provides periodic reports to General Manager to ensure that goals and objectives are 
being achieved and to recognize opportunities for development. 

• Works with Project Managers and Manager of Project Managers to ensure forecasting is 
accurate, the lab is providing quality data to clients and meeting client expectations.   

• Provides supervisory resposnsibilities to  direct reports to achieve strong staff 
performance.  Mentors key employees.   

• Actively participates  in TestAmerica’s best practice process to spread best technical 
practices and develop TestAmerica Standard Operating Procedures.  Leads the 
implementation and follow-up of the best practices and SOPs in the laboratory.   

• Pursues and maintains appropriate laboratory certification and contract approvals.  
Supports ISO 17025 requirements. 

4.2.3 Quality Assurance (QA) Manager or Designee  

The QA Manager has responsibility and authority to ensure the continuous implementation of 
the quality system.   

The QA Manager reports directly to the Laboratory Director and has access to Corporate QA for 
advice and resources.  This position is able to evaluate data objectively and perform 
assessments without outside (i.e., managerial) influence.  Corporate QA may be used as a 
resource in dealing with regulatory requirements, certifications, and other quality assurance 
related items.  The QA Manager directs the activities of the QA officers to accomplish specific 
responsibilities, which include, but are not limited to:  

• Serves as the focal point for QA/QC in the laboratory 

• Maintains and updating the QAM. 

• Monitors and evaluating laboratory certifications; schedules proficiency testing samples. 

• Monitors and communicates regulatory changes that may affect the laboratory to 
management. 

• Trains and advises the laboratory staff on quality assurance/quality control procedures 
that are pertinent to their daily activities. 

• Arranges for or conducts internal audits on quality systems and the technical operation. 

• Acts as a focal point for ethics and data integrity issues 

• Maintains records of all ethics-related training, including the type and proof of 
attendance. 
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• Maintains training records, including DOCs, for all analysts. 

• Reviews and approves SOPs.  Writes SOPs as needed. 

• Maintains, improves, and evaluates the corrective action database and the corrective 
and preventive action systems.  

• Notifies laboratory management of deficiencies in the quality system and ensures 
corrective action is taken.  Procedures that do not meet the standards set forth in the 
QAM or laboratory SOPs shall be investigated following procedures outlined in Section 
12 and if deemed necessary, may be temporarily suspended during the investigation. 

• Objectively monitors standards of performance in quality control and quality assurance 
without outside (e.g., managerial) influence. 

• Coordinates document control of SOPs, MDLs, control limits, miscellaneous forms, and 
information. 

• Authorized to stop work when procedures do not conform to the requirements of the 
QAM or laboratory SOPs 

• Reviews a percentage of all final data reports for internal consistency, including Chain of 
Custody (COC), correspondence with the analytical request, batch QC status, 
completeness of any corrective action statements, 5% of calculations, format, holding 
time, sensibility and completeness of the project file contents. 

• Establishes a reporting schedule and prepares various quality reports for the Laboratory 
Director, clients, and/or Corporate QA. 

• Develops suggestions and recommendations to improve quality systems. 

• Researches of current state and federal requirements and guidelines. 

• Tracks customer complaints and assists in identifying improvements. 

• Oversees and approves MDL studies and verifications. 

• Captains the QA team to enable communication and to distribute duties and 
responsibilities. 

• Ensures communication and monitors standards of performance to ensure that systems 
are in place to produce the level of quality defined in this document. 

4.2.4 Technical Director or Designee  

The Technical Director Serves as a technical resource for TestAmerica’s personnel and clients 
in their field of expertise.  Researches, develops and implements new analytical methods and 
recommends process improvements to existing analyses.  Manages technical projects and 
conducts evaluations of technologies.  Writes and reviews laboratory SOPs and trains 
employees on methods and procedures.  Maintains and troubleshoots laboratory instruments..  
Specific responsibilities include, but are not limited to: 

• Solves technical problems in the laboratory including troubleshooting instruments and 
develops or modifies methods as needed to meet customer requirements.  Consults with 
clients regulators, and others regarding technical aspects of analyses. 

• Suggests and implements process improvements to maximize productivity, save costs 
and decrease turnaround time.  
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• Develops and amends departmental SOPs. 

• Participates in TestAmerica’s best practice process to spread best technical practices 
and develop TestAmerica Standard Operating Procedures.  Leads the implementation 
and follow-up of the best practices and SOPs in the laboratory. 

• Evaluates and adapts new technologies and methodologies.   

• Accountable for ensuring all analysts and analyses are compliant with ISO 17025.  
Assists analysts with maintainance and repairs of analytical equipment to reduce down 
time.  Performs non-routine analysis as required to meet the needs of current long-term 
clients or as a means to capture new clients in support of business development efforts.  
Consults with Project Managers and sales staff regarding analytical techniques, 
programs, and capabilities.  Mentors associates in the laboratory.  

• Manages technical projects.  Prepares reports and recommendations for senior 
laboratory management. 

• Contributes technical information  and evaluation for deciding major new equipment 
purchases and capital expenditures.   

• Reviews Quality Assurance Protocols from clients for technical anomalies or guidance 
that vary from routine laboratory procedures.  Makes recommendations on alternate 
methodology or guidance for the laboratory on how to meet the requested protocols.  
Meets with staff from laboratory director to analysts to ensure that guidance is 
understood and followed throughout the projects.  Provides training and development 
programs to applicable laboratory staff as new hires and, subsequently, on a scheduled 
basis.  Training may include instruction on calculations and instrumentation 
management to include troubleshooting and preventive maintenance. 

• Investigates issues raised by clients, QA, sales and other departments to find root cause 
and implement corrective action  and proper response.   

• Coordinates audit responses with Operations Managers, Department Supervisors, and 
QA Manager. 

4.2.5 Operations Manager(s)  

The Operations Manager manages and directs the analytical production sections of the 
laboratory.  For Ohio VAP, this position is known as a Department Operations Manager.  
He/She manages the day-to-day operational activities of the laboratory, directly supervises 
exempt group leaders, and coordinates the efforts of the analytical operating groups.  More 
specifically, he/she: 

• Responsible for reporting laboratory groups compliance with health, safety and quality 
assurance programs. 

• Coordinates the work of the laboratory groups and assists in setting work priorities in an 
effort to minimize costs, scheduling conflicts or delays. 

• Reviews and modifies group schedules based on the current and projected workloads 
and staffing in each department. 

• Prepares production reports and ensures status updates for each department are 
maintained daily.   
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• Assists the Technical Director with review and development of standard operating 
procedures and prepares recommendations as the need arises for new or revised 
analytical methods. 

• Works with the Manager of Project Managers to schedule and direct work to achieve 
established sales and profit goals of the laboratory.  

• Responsible for maintaining adequate staffing to meet sales and workload goals.  
Adjusts personnel to meet peak load demands and must support decisions in economic 
terms. 

• Meets with group leaders daily to resolve schedule conflicts and delivery issues.  

• Works with department managers and supervisors with their staffing and production 
efforts to ensure that the laboratory is optimizing all manpower and equipment for 
increased throughput as necessary. 

• Develops and improves the training of all analysts in cooperation with the Technical 
Director and QA Manager and in compliance with regulatory requirements. 

4.2.6 Department Managers  

Department Managers report to the Operations Manager.  Department Managers are 
responsible for the overall operations of a specific laboratory area.   These responsibilities 
include but are not limited to meeting client satisfaction goals, managing the human resources 
with in the department and ensuring health, safety and quality assurance plan compliance is 
followed.  Serves as a technical resource to department employees, as well as Project 
Managers, sales personnel, and clients.  Make recommendations to laboratory management in 
regards to process improvements.  Each one is responsible to: 

• Coordinates work projects with project managers to appropriately schedule laboratory 
workload to meet client requirements. 

• Prioritize samples for analysis to ensure OTD and TAT requirements are met. 

• Supervise supervisors to ensure test procedures are in compliance with method SOP’s 
and QA requirements and maximize productivity. 

• Schedules employees in regard to workload and backlog to improve efficiency. 

• Reviews data produced in assigned department and authorizes its release.  

• Communicates department issues and provides status reports to Laboratory Director 
and Project Managers. 

• Partners with laboratory management to evaluate new work opportunities and plan 
implementation. 

• With regard to analysts, oversees management of the selection, training (as documented 
in Section 18.3), development of performance objectives and standards of performance, 
appraisal (measurement of objectives), scheduling, counseling, discipline, and 
motivation of analysts and documents these activities in accordance with systems 
developed by the QA and Personnel Departments.  They evaluate staffing sufficiency 
and overtime needs. Training consists of familiarization with SOPs, QC, Safety, and 
computer systems. 
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• Encourage the development of analysts to become cross-trained in various methods 
and/or operate multiple instruments efficiently while performing maintenance and 
documentation, self-supervise, and function as a department team. 

• Provide guidance to analysts in resolving problems encountered daily during sample 
prep/analysis in conjunction with the Technical Director, Operations Manager, and/or QA 
Manager.  Each is responsible for 100% of the data review and documentation, non-
conformance and CAR issues, the timely and accurate completion of performance 
evaluation samples and MDLs, for his/her department. 

• Ensure all logbooks are maintained, current, and properly labeled or archived. 

• Report all non-conformance conditions to the QA Manager, Technical Director, 
Operations Manager, and/or Laboratory Director. 

• Ensure that preventive maintenance is performed on instrumentation as detailed in the 
QA Manual or SOPs.  He/she is responsible for developing and implementing a system 
for preventive maintenance, troubleshooting, and repairing or arranging for repair of 
instruments.   

• Maintain adequate and valid inventory of reagents, standards, spare parts, and other 
relevant resources required to perform daily analysis.   

• Achieve optimum turnaround time on analyses and compliance with holding times. 

• Conduct efficiency and cost control evaluations on an ongoing basis to determine 
optimization of labor, supplies, overtime, first-run yield, capacity (designed vs. 
demonstrated), second- and third-generation production techniques/instruments, and 
long-term needs for budgetary planning. 

• Develop, implement, and enhance calibration programs. 

• Provide written responses to external and internal audit issues. 

4.2.7 Laboratory Analysts  

Laboratory analysts are responsible for performing analyses and/or preps of samples using 
standard analytical techniques in compliance with TestAmerica’s Quality Assurance Program 
and SOP’s.  Responsibilities of the analysts are listed below: 

• Perform analyses by adhering to analytical and quality control protocols prescribed by 
current SOPs, this QA Manual, and project-specific plans honestly, accurately, timely, 
safely, and in the most cost-effective manner. 

• Responsible for meeting TestAmerica Health and Safety guidelines as appropriate for 
their job functions.  

• Performs routine lab tasks such as preparation of samples using standard techniques, 
chemical analyses using standard techniques, calculating data, recording and reporting 
unusual test occurences to the supervisor, routine maintenance of instruments and 
conforming to all lab QA/QC policies.   

• Completion of initial demonstration of capability and maintenance of ongoing 
demonstration of capability.  

• Repsonsible for general housekeeping and maintenance in his/her work area. 
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• Perform 100% review of the data generated prior to entering and submitting for 
secondary level review. 

• Suggest method improvements to their Department Manager, the Technical Director, 
and the QA Manager.  These improvements, if approved, are incorporated.  Ideas for the 
optimum performance of their assigned area, for example, through the proper cleaning 
and maintenance of the assigned instruments and equipment, are encouraged. 

• Work cohesively as a team in their department to achieve the goals of accurate results, 
optimum turnaround time, cost effectiveness, cleanliness, complete documentation, and 
personal knowledge of environmental analysis. 

4.2.8 Environmental Health & Safety (EH&S) Manager  

The EH&S Manager reports to the Laboratory Director and ensures that systems are maintained 
for the safe operation of the laboratory. For Ohio VAP, this is position is the Health & Safety 
Manager/Coordinator.  The EH&S Manager is responsible to: 

• Conduct ongoing, necessary safety training and conduct new employee safety 
orientation. 

• Assist in developing and maintaining the Chemical Hygiene/Safety Manual. 

• Administer dispersal of all Safety Data Sheet (SDS) information. 

• Perform regular chemical hygiene and housekeeping instruction.  

• Give instruction on proper labeling and practice. 

• Serve as chairman of the laboratory safety committee. 

• Provide and train personnel on protective equipment. 

• Oversee the inspection and maintenance of general safety equipment – fire 
extinguishers, safety showers, eyewash fountains, etc. and ensure prompt repairs as 
needed. 

• Supervise and schedule fire drills and emergency evacuation drills. 

• Determine what initial and subsequent exposure monitoring, if necessary to determine 
potential employee exposure to chemicals used in the laboratory. 

• When determined necessary, conduct exposure monitoring assessments. 

• Determine when a complaint of possible over-exposure is “reasonable” and should be 
referred for medical consultation. 

• Assist in the internal and external coordination of the medical consultation/monitoring 
program conducted by TestAmerica’s medical consultants. 

4.2.9 Manager of Project Management  

The Manager of Project Management reports to the Client Services Director and serves as the 
interface between the laboratory’s analytical departments and the laboratory’s clients.  For Ohio 
VAP, this position is the Project Management Operations Manager. The staff consists of the 
Project Management team.  With the overall goal of total client satisfaction, the functions of this 
position are outlined below: 
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• Technical training and growth of the PM team. 

• Technical liaison for the PM team. 

• Human resource management of the PM team. 

• Responsible to ensure that clients receive the proper sampling supplies. 

• Coordinating status meetings with Department Managers. 

• Responsible for assistance to clients regarding the resolution of problems concerning 
COC. 

• Ensuring that client specifications, when known, are met by communicating project and 
quality assurance requirements to the laboratory. 

• Notifying the department managers of incoming projects and sample delivery schedules. 

• Accountable to clients for communicating sample progress/status. 

• Responsible for discussing with client any project-related problems, resolving service 
issues, and coordinating technical details with the laboratory staff. 

• Responsible for staff familiarization with specific quotes, sample log-in review, and final 
report completeness. 

• Monitor the status of all data package projects in-house to ensure timely and accurate 
delivery of reports. 

• Inform clients of data package-related problems and resolve service issues. 

• Coordinate requests for sample containers and other services (data packages). 

4.2.10 Project Managers  

The Project Management team consists of Project Managers who report to the Manager of 
Project Management.  The Project Managers are responsible to:  

• Monitor analytical and QA project requirements for a specified project 

• Ensure that client specifications, when known, are met by communicating project and 
quality assurance requirements to the laboratory. 

• Notify laboratory personnel of incoming projects and sample delivery schedules. 

• Be accountable to clients for communicating sample progress/status. 

• Ensure that clients receive the proper sampling supplies. 

• Coordinate subcontract work. 

• Inform clients of project related problems, resolving service issues, and coordinating 
technical issues with the laboratory staff. 

• Provide assistance to clients regarding resolution of problems concerning COC. 

• Monitor the status of all projects in-house to ensure timely delivery of reports. 

• Perform review of projects for completeness and compliance to client needs prior to 
release to client. 

• Generate final laboratory reports and has signature authority (where approved). 
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4.2.11 Sample Receipt/Control Manager and Shipping Department Manager  

The Sample Receipt/Control Manager and Shipping Department Manager reports to the 
Laboratory Director.  He/She: 

• Coordinates sample log-in to LIMS. 

• Manages sample labeling. 

• Manages the appropriate storage of samples. 

• Oversees the preparation of bottle kits. 

• Coordinates the proper storage, packing, and disposal of laboratory wastes according to 
Department of Transportation (DOT) and Resource Conservation and Recovery Act 
(RCRA) regulations. 

• Manages the shipment of subcontracted samples to designated laboratories. 

• Schedules waste pick-ups and prepare paperwork according to DOT, RCRA regulations 
and Treatment, Storage, Disposal Facility (TSDF) requirements. 

• Maintains waste disposal records (manifests, land ban forms, and certificates of 
destruction, POTW reports/documentation) in a stand-alone and legally defensible 
fashion. 

• Coordinates hazardous waste minimization program to meet regulatory requirements. 

• Conducts weekly inspections of satellite accumulation areas and all hazardous waste 
storage areas.  Submits reports to area leaders, hazardous waste representatives, and 
Environmental Health and Safety (EH&S) Coordinator.  Ensures corrective actions noted 
are completed. 

• Labpacks expired chemicals for disposal according to regulatory requirements. 

• Tracks volume of waste generated for reporting to corporate and EPA. 

• Prepares and tracks implementation of Waste Minimization Plan. 

• Maintains the inventory control system for all departments. 

• Receives and distributes incoming supplies to appropriate departments. 

• Maintains bottle and cooler inventory. 

• Performs daily facility maintenance activities. 

• Performs routine preventative maintenance throughout facility. 

• Performs preventative maintenance on company vehicles. 

• Contacts outside contractors as necessary to repair/maintain items outside the realm of 
reasonable maintenance. 

• Oversees storage facilities, files, and outside storage. 

• Monitors vendor service and responds appropriately to any problems. 

• Completes all controlled purchases. 
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4.3 Deputies  

The following table defines who assumes the responsibilities of key personnel in their absence: 
 

Table 4-1. Deputies  
 

Key Personnel Primary Deputy Support Deputy 

Laboratory Director 
 

Technical Director QA Manager 
Operations Manager 

QA Manager 
 

Laboratory Director Technical Director 

Technical Director Laboratory Director QA Manager 
Operations Managers 

EHS Manager 
 

Purchasing Manager Laboratory Director 
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Figure 4-1.  Corporate and Laboratory Organization Charts 
 
Corporate Organization Chart 
 
 

 
 

Note:  Subject to change. 
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Laboratory Organization Chart 
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SECTION 5. QUALITY SYSTEM 

5.1 Quality Policy Statement  

It is TestAmerica’s Policy to:  

• Provide data of known quality to its clients by adhering to approved methodologies, 
regulatory requirements, and the QA/QC protocols.  

• Effectively manage all aspects of the laboratory and business operations by the highest 
ethical standards.   

• Continually improve systems and provide support to quality improvement efforts in 
laboratory, administrative, and managerial activities.  TestAmerica recognizes that the 
implementation of a quality assurance program requires management’s commitment and 
support as well as the involvement of the entire staff. 

• Provide clients with the highest level of professionalism and the best service practices in 
the industry.   

• To comply with the ISO/IEC 17025:2005(E) International Standard, the 2009 TNI 
Standard, and continually improve the effectiveness of the management system. 

Every staff member at TestAmerica Nashville plays an integral part in quality assurance and is 
held responsible and accountable for the quality of their work.  It is, therefore, required that all 
laboratory personnel are trained and agree to comply with applicable procedures and 
requirements established by this document. 

5.2 Ethics and Data Integrity  

TestAmerica is committed to ensuring the integrity of its data and meeting the quality needs of 
its clients.  The elements of TestAmerica’s Ethics and Data Integrity Program include: 

• An Ethics Policy (Corporate Policy No. CW-L-P-004) and Employee Ethics Statements.  

• Ethics and Compliance Officers (ECOs). 

• A training program. 

• Self-governance through disciplinary action for violations. 

• A confidential mechanism for anonymously reporting alleged misconduct and a means 
for conducting internal investigations of all alleged misconduct (Corporate SOP CW-L-S-
002). 

• Procedures and guidance for recalling data if necessary (Corporate SOP CW-L-S-002). 

• An effective external and internal monitoring system that includes procedures for internal 
audits (Section 16). 

• Production of results which are accurate and include QA/QC information that meets a 
client’s pre-defined Data Quality Objectives (DQOs). 

• Presentation of services in a confidential, honest, and forthright manner. 

• Provision of employees with guidelines and an understanding of the ethical and quality 
standards of our industry.  
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• Operation our facilities in a manner that protects the environment and the health and 
safety of employees and the public.  

• Adherence to all pertinent federal, state, and local laws and regulations and encourage 
other members of our industry to do the same.  

• Education clients as to the extent and kinds of services available. 

• Assertion of competency only for work for which adequate personnel and equipment are 
available and for which adequate preparation has been made.  

• Promotion of the status of environmental laboratories, their employees, and the value of 
services rendered by them. 

5.3 Quality System Documentation  

The laboratory’s Quality System is communicated through a variety of documents:  

• Quality Assurance Manual – Each laboratory has a laboratory-specific quality assurance 
manual.  

• Corporate SOPs and Policies - Corporate SOPs and Policies are developed for use by 
all relevant laboratories.  They are incorporated into the laboratory’s normal, SOP 
distribution, training, and tracking system.  Corporate SOPs may be general or technical. 

• Work Instructions - A subset of procedural steps, tasks, or forms associated with an 
operation of a management system (e.g., checklists, preformatted bench sheets, forms). 

• Laboratory SOPs – General and Technical 

• Laboratory QA/QC Policy Memoranda  

5.3.1 Order of Precedence  

In the event of a conflict or discrepancy between policies, the order of precedence is as follows: 

• Corporate Quality Management Plan (CQMP) 

• Corporate SOPs and Policies 

• Laboratory QA/QC Policy Memorandum  

• Laboratory Quality Assurance Manual (QAM) 

• Laboratory SOPs and Policies 

• Other (Work Instructions (WI), memos, flow charts, etc.) 

Note:  The laboratory has the responsibility and authority to operate in compliance with 
regulatory requirements of the jurisdiction in which the work is performed.  Where the CQMP 
conflicts with those regulatory requirements, the regulatory requirements of the jurisdiction shall 
hold primacy.  The laboratory’s QAM shall take precedence over the CQMP in those cases. 

5.4 QA/QC Objectives for the Measurement of Data  

Quality Assurance (QA) and Quality Control (QC) are activities undertaken to achieve the goal 
of producing data that accurately characterize the sites or materials that have been sampled.  
Quality Assurance is generally understood to be more comprehensive than Quality Control.  
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Quality Assurance can be defined as the integrated system of activities that ensures that a 
product or service meets defined standards. 

Quality Control is generally understood to be limited to the analyses of samples and to be 
synonymous with the term “analytical quality control”.  QC refers to the routine application of 
statistically based procedures to evaluate and control the accuracy of results from analytical 
measurements.  The QC program includes procedures for estimating and controlling precision 
and bias and for determining reporting limits. 

Request for Proposals (RFPs) and Quality Assurance Project Plans (QAPP) provide a 
mechanism for the client and the laboratory to discuss the data quality objectives in order to 
ensure that analytical services closely correspond to client needs.  The client is responsible for 
developing the QAPP.  In order to ensure the ability of the laboratory to meet the Data Quality 
Objectives (DQOs) specified in the QAPP, clients are advised to allow time for the laboratory to 
review the QAPP before being finalized.  Additionally, the laboratory provides support to the 
client for developing the sections of the QAPP that concern laboratory activities. 

Historically, laboratories have described their QC objectives in terms of precision, accuracy, 
representativeness, comparability, completeness, selectivity, and sensitivity (PARCCSS). 

5.4.1 Precision  

The laboratory objective for precision is to meet the performance for precision demonstrated for 
the methods on similar samples and to meet data quality objectives of the EPA and/or other 
regulatory programs.  Precision is defined as the degree of reproducibility of measurements 
under a given set of analytical conditions (exclusive of field sampling variability).  Precision is 
documented on the basis of replicate analysis, usually duplicate or matrix spike (MS) duplicate 
samples.   

5.4.2 Accuracy  

The laboratory objective for accuracy is to meet the performance for accuracy demonstrated for 
the methods on similar samples and to meet data quality objectives of the EPA and/or other 
regulatory programs.  Accuracy is defined as the degree of bias in a measurement system.  
Accuracy may be documented through the use of laboratory control samples (LCS) and/or MS. 
A statement of accuracy is expressed as an interval of acceptance recovery about the mean 
recovery.   

5.4.3 Representativeness  

The laboratory objective for representativeness is to provide data which is representative of the 
sampled medium.  Representativeness is defined as the degree to which data represent a 
characteristic of a population or set of samples and is a measurement of both analytical and 
field sampling precision.  The representativeness of the analytical data is a function of the 
procedures used in procuring and processing the samples.  The representativeness can be 
documented by the relative percent difference between separately procured, but otherwise 
identical samples or sample aliquots. 
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The representativeness of the data from the sampling sites depends on both the sampling 
procedures and the analytical procedures.  The laboratory may provide guidance to the client 
regarding proper sampling and handling methods in order to assure the integrity of the samples. 

5.4.4 Comparability  

The comparability objective is to provide analytical data for which the accuracy, precision, 
representativeness, and reporting limit statistics are similar to these quality indicators generated 
by other laboratories for similar samples and data generated by the laboratory over time. 

The comparability objective is documented by inter-laboratory studies carried out by regulatory 
agencies or carried out for specific projects or contracts by comparison of periodically generated 
statements of accuracy, precision, and reporting limits with those of other laboratories. 

5.4.5 Completeness  

The completeness objective for data is 90% (or as specified by a particular project) expressed 
as the ratio of the valid data to the total data over the course of the project.  Data will be 
considered valid if they are adequate for their intended use.  Data usability will be defined in a 
QAPP, project scope, or regulatory requirement.  Data validation is the process for reviewing 
data to determine its usability and completeness.  If the completeness objective is not met, 
actions must be taken internally and with the data user to improve performance.  This may take 
the form of an audit to evaluate the methodology and procedures as possible sources for the 
difficulty or may result in a recommendation to use a different method. 

5.4.6 Selectivity  

Selectivity is defined as: The capability of a test method or instrument to respond to a target 
substance or constituent in the presence of non-target substances.  Target analytes are 
separated from non-target constituents and subsequently identified/detected through one or 
more of the following, depending on the analytical method: extractions (separation), digestions 
(separation), interelement corrections (separation), use of matrix modifiers (separation), specific 
retention times (separation and identification), confirmations with different columns or detectors 
(separation and identification), specific wavelengths (identification), specific mass spectra 
(identification), specific electrodes (separation and identification), etc.  

5.4.7 Sensitivity  

Sensitivity refers to the amount of analyte necessary to produce a detector response that can be 
reliably detected (Method Detection Limit) or quantified (Reporting Limit).  

5.5 Criteria for Quality Indicators  

Unless otherwise noted, limits within LIMS are laboratory generated.  Some acceptability limits 
are derived from U.S. EPA methods when they are required.  Where U.S. EPA method limits 
are not required, TestAmerica Nashville has developed limits from evaluation of data from 
similar matrices.  Criteria for development of control limits are contained in Section 24.  
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5.6 Statistical Quality Control  

Statistically-derived precision and accuracy limits are required by selected methods (such as 
SW-846) and programs.  TestAmerica Nashville routinely utilizes statistically-derived limits to 
evaluate method performance and determine when corrective action is appropriate.  The 
analysts use the current limits in the laboratory (dated and approved by the Technical Director 
and QA Manager) and entered into the Laboratory Information Management System (LIMS).  
The Quality Assurance department maintains an archive of all limits used within the laboratory 
(see SOP Archiving of Technical and Quality Department Paper Records / NV08-194).  If a 
method defines the QC limits, the method limits are used.   

If a method requires the generation of historical limits, the laboratory develops such limits from 
recent data in the QC database of the LIMS following the guidelines described in Section 24.  All 
calculations and limits are documented and dated when approved and effective.  On occasion, a 
client requests contract-specified limits for a specific project. 

Current QC limits are entered and maintained in the LIMS analyte database.  As sample results 
and the related QC are entered into LIMS, the sample QC values are compared with the limits in 
LIMS to determine if they are within the acceptable range.  The analyst then evaluates if the 
sample needs to be re-analyzed or re-extracted/re-analyzed or if a comment is to be added to 
the report explaining the reason for the QC outlier.  

5.6.1 QC Charts  

As the QC limits are calculated, QC charts are generated showing warning and control limits for 
the purpose of evaluating trends.  The QA Manager evaluates these to determine if adjustments 
need to be made or for corrective actions to methods.  All findings are documented and kept on 
file.   

5.7 Quality System Metrics  

In addition to the QC parameters discussed above, the entire Quality System is evaluated on a 
monthly basis through the use of specific metrics (refer to Section 16).  These metrics are used 
to drive continuous improvement in the laboratory’s Quality System.  

 

SECTION 6. DOCUMENT CONTROL  

6.1 Overview  

The QA Department is responsible for the control of documents used in the laboratory to ensure 
that approved, up-to-date documents are in circulation and out-of-date (obsolete) documents 
are archived or destroyed.  The following documents, at a minimum, must be controlled: 

• Laboratory Quality Assurance Manual 

• Laboratory Standard Operating Procedures (SOP) 

• Laboratory Policies 

• Work Instructions and Forms 
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• Corporate Policies and Procedures distributed outside the intranet  

Corporate Quality posts Corporate Manuals, SOPs, Policies, Work Instructions, White Papers, 
and Training Materials on the company intranet site.  These Corporate documents are only 
considered controlled when they are read on the company intranet site.  Printed copies are 
considered uncontrolled unless the laboratory physically distributes them as controlled 
documents.  A detailed description of the procedures for issuing, authorizing, controlling, 
distributing, and archiving corporate documents is found in Corporate SOP CW-Q-S-001, 
Corporate Document Control and Archiving.  The laboratory’s internal document control 
procedure is defined in the following laboratory SOPs:  Document Control / NV08-152, Archiving 
of Technical and Quality Department Paper Records / NV08-194, and Organization of Quality 
Department Documents / NV08-220. 

The laboratory QA Department also maintains access to various references and document 
sources integral to the operation of the laboratory.  This includes reference methods and 
regulations.  Instrument manuals (hard or electronic copies) are also maintained by the 
laboratory.  

The laboratory maintains control of records for raw analytical data and supporting records such 
as audit reports and responses, logbooks, standard logs, training files, MDL studies, Proficiency 
Testing (PT) studies, certifications and related correspondence, and corrective action reports.  
Raw analytical data may consist of bound logbooks, instrument printouts, any other notes, 
magnetic media, electronic data, and final reports.   

6.2 Document Approval and Issue  

The pertinent elements of a control system for each document include a unique document title 
and number, pagination, the total number of pages of the item (or an ‘end of document’ page), 
the effective date, revision number, and the laboratory’s name.  The QA department is 
responsible for the maintenance of the system. 

Controlled documents are authorized by the QA Department and other management.  In order 
to develop a new document, a manager submits a paper or electronic draft to the QA 
Department for suggestions and approval before use.  Upon approval, QA personnel add the 
identifying version information to the document and retain that document as the official 
document on file.  That document is then provided as needed to all applicable operational units 
(may include electronic access).  Controlled documents are identified as such and records of 
their distribution are kept by the QA Department.  Document control may be achieved by either 
electronic or hardcopy distribution. 

The QA Department maintains a list of the official versions of controlled documents. 

Quality System Policies and Procedures are reviewed at a minimum of every two years except 
for drinking water SOPs which are reviewed every year and revised as appropriate.  Changes to 
documents occur when a procedural change warrants a revision of the document.  

6.3 Procedures for Document Control Policy  

For changes to the QA Manual, refer to SOP Document Control / NV08-152.  Uncontrolled 
copies must not be used within the laboratory.  Previous revisions and back-up data are stored 
by the QA department.  Electronic copies are stored on the QA server. 
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For changes to SOPs, refer to SOP No. CW-Q-S-002, Writing a Standard Operating Procedure 
(SOP) and SOP Document Control / NV08-152.  The QA Department has a complete file of all 
current and previous versions, showing changes, of each SOP.  Additionally, there are 
controlled notebooks of current SOPs in the lab.  These are updated by the QA department.  
There is a table of contents.  Electronic versions of current, previous, and in-transition SOPs are 
maintained on a QA hard drive that is backed-up weekly.  Current, unchangeable versions are 
stored on the QA server/SOPs.  

Changes to facilities, the QA Manual, certifications, personnel, safety/health, and capabilities 
are documented in the Management of Change log as prescribed in Section 14.  

Forms, worksheets, work instructions and information are organized on the QA server.  There is 
a table of contents.  The procedure for the care of these documents is in SOP Document 
Control / NV08-152.  

Reference books, regulations, and other external protocols are listed, with location, in the QA 
office.  This list is updated as needed.  

Logbooks and preparation worksheets are initialized and stored in an archiving system 
described in SOP Archiving of Technical and Quality Department Paper Records / NV08-194 for 
easy tracking and retrieval.  

Certification correspondence, audit reports and responses, control charts, MDLs, training files, 
subcontractor credentials, and PT studies are stored in the QA office in appropriate files and/or 
on the QA server.  These documents are not uniquely identified. 

6.4 Obsolete Documents  

The laboratory has specific procedures (as described above) to ensure that all invalid or 
obsolete documents are removed, or otherwise prevented from unintended use.  In general, 
obsolete documents are collected from employees according to distribution lists and are marked 
obsolete on the cover or destroyed.  At least one copy of the obsolete document is archived as 
described in SOP Document Control / NV08-152.  

 

SECTION 7. SERVICE TO THE CLIENT 

7.1 Overview  

TestAmerica Nashville has established procedures for the review of work requests and 
contracts, oral or written.  The procedures include evaluation of the laboratory’s capability and 
resources to meet the contract’s requirements within the requested time period.  All 
requirements, including the methods to be used, must be adequately defined, documented, and 
understood.       

A thorough review of technical and QC requirements contained in contracts is performed to 
ensure project success.  The appropriateness of requested methods, and the laboratory’s 
capability to perform them must be established.  Projects, proposals, and contracts are 
reviewed for adequately defined requirements and TestAmerica Nashville’s capability to meet 
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those requirements.  Alternate test methods that are capable of meeting the clients’ 
requirements may be proposed by the laboratory.  A review of the laboratory’s capability to 
analyze non-routine analytes is also part of this review process. 

All projects, proposals and contracts are reviewed for the client’s requirements in terms of 
compound lists, test methodology requested, sensitivity (method detection and reporting limits), 
accuracy, and precision requirements (% Recovery and RPD).  The reviewer ensures that the 
laboratory’s test methods are suitable to achieve these requirements and that the laboratory 
holds the appropriate certifications and approvals to perform the work.  The laboratory and any 
potential subcontract laboratories must be certified, as required, for all proposed tests.   

The laboratory determines if it has the necessary physical, personnel, and information 
resources to meet the contract, and if the personnel have the expertise needed to perform the 
testing requested.  Each proposal is checked for its impact on the capacity of the laboratory’s 
equipment and personnel.  As part of the review, the proposed turnaround time will be checked 
for feasibility. 

Electronic or hard copy deliverable requirements are evaluated against the laboratory’s capacity 
for production of the documentation. 

If the laboratory cannot provide all services and intends to subcontract such services (whether 
to another TestAmerica facility or to an outside firm), then the subcontracted services must be 
documented and discussed with the client prior to contract approval (refer to Section 8 for 
Subcontracting Procedures.) 

The laboratory informs the client of the results of the review if it indicates any potential conflict, 
deficiency, lack of accreditation, or inability of the laboratory to complete the work satisfactorily.  
Any discrepancy between the client’s requirements and TestAmerica’s ability to meet those 
requirements must be resolved in writing before acceptance of the contract.  It is necessary that 
the contract be acceptable to both the laboratory and the client.  Amendments initiated by the 
client and/or TestAmerica are documented in writing.  

All contracts, QAPPs, Sampling and Analysis Plans (SAPs), contract amendments, and 
documented communications become part of the project record.   

The same contract review process used for the initial review is repeated when there are 
amendments to the original contract by the client, and the participating personnel are informed 
of the changes. 

7.2 Review Sequence and Key Personnel  

Appropriate personnel must review the work request at each stage of evaluation. 

For routine projects and other simple tasks, a review by the Project Manager (PM) is considered 
adequate.  The PM confirms that the laboratory has any required certifications, that it can meet 
the clients’ data quality and reporting requirements, and that the laboratory has the capacity to 
meet the clients turn around needs.  Project Managers contact the appropriate laboratory 
management or corporate personnel if any of the details are unknown, differ from what standard 
payment policy and insurance coverage includes, or if the task appears to fall outside the 
Project Manager’s job responsibilities. 
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For new, complex, or large projects, the proposed contract is given to the Director of National 
Accounts, who decides which laboratory will receive the work based on the scope of work and 
other requirements, including certification, testing methodology, and available capacity to 
perform the work.  The contract review process is outlined in SOP No. CA-L-P-002, Contract 
Compliance Policy.   

This review encompasses all facets of the operation.  The scope of work is distributed to the 
appropriate personnel, as needed based on the scope of the contract, to evaluate all of the 
requirements shown above (not necessarily in the order below):  

• Contract Administrator 

• VP of Operations 

• Manager of Project Management 

• Laboratory Project Manager 

• Laboratory and/or Corporate Technical Directors 

• Account Executives  

• Laboratory and/or Corporate Quality  

• Laboratory and/or Corporate Environmental Health and Safety Managers/Directors 

• The Laboratory Director reviews the formal laboratory quote and makes final acceptance 
for their facility. 

The Sales Director, Contract Administrator, Account Executive, or Proposal Coordinator then 
submits the final proposal to the client.  

In the event that one of the above personnel is not available to review the contract, his or her 
back-up fulfills the review requirements.  

The Contracts Department maintains copies of all signed contracts.  

7.3 Documentation  

Appropriate records are maintained for every contract or work request.  All stages of the 
contract review process are documented and include records of any significant changes.  
Information is stored in the LIMS system or on the server. 

The contract will be maintained on the contracts drive for Nashville:  
\\corp-fs-04.tai.com\Contracts_Management\Nashville Contract Docs  

Records are maintained of pertinent discussions with a client relating to the client’s 
requirements or the results of the work during the period of execution of the contract.  The PM 
keeps correspondence records (i.e., e-mail) and a phone log of conversations with the client.  
These records are archived by the laboratory facility for a minimum of five years.   
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7.3.1 Project-Specific Quality Planning  

Communication of contract specific technical and QC criteria is an essential activity in ensuring 
the success of site specific testing programs.  To achieve this goal, TestAmerica Nashville 
assigns a PM to each client.  It is the PM’s responsibility to ensure that project-specific technical 
and QC requirements are effectively evaluated and communicated to the laboratory personnel 
before and during the project.  QA department involvement may be needed to assist in the 
evaluation of custom QC requirements. 

PMs are the primary client contact and they ensure resources are available to meet project 
requirements.  Although PMs do not have direct reports or staff in production, they coordinate 
opportunities and work with laboratory management and supervisory staff to ensure available 
resources are sufficient to perform work for the client’s project.  Project management is 
positioned between the client and laboratory resources. 

Prior to work on a new project, the dissemination of project information and/or project opening 
meetings may occur to discuss schedules and unique aspects of the project.  Items to be 
discussed may include the project technical profile, turnaround times, holding times, methods, 
analyte lists, reporting limits, deliverables, sample hazards, or other special requirements.  The 
PM introduces new projects to the laboratory staff through project kick-off meetings or to the 
supervisory staff during production meetings.  These meetings provide direction to the 
laboratory staff in order to maximize production and client satisfaction while maintaining quality.  
In addition, project notes may be associated with each sample batch as a reminder upon 
sample receipt and analytical processing. 

During the project, any change that may occur within an active project is agreed upon between 
the client/regulatory agency and the PM/laboratory.  These changes (e.g., use of a non-
standard method or modification of a method) and approvals must be documented prior to 
implementation.  Documentation pertains to any document, e.g., letter, e-mail, variance, 
contract addendum, which has been signed by both parties. 

Such changes are also communicated to the laboratory during production meetings.  Such 
changes are updated to the project notes and are introduced to the managers/supervisors at 
these meetings.  The laboratory staff is then introduced to the modified requirements via the 
individual department managers/supervisors.  After the modification is implemented into the 
laboratory process, documentation of the modification is made in the case narrative of the data 
report(s). 

TestAmerica strongly encourages client visits to the laboratory and formal/informal information 
sharing sessions with employees in order to effectively communicate ongoing client needs as 
well as project specific details for customized testing programs. 

7.4 Special Services  

The laboratory cooperates with clients and their representatives to monitor the laboratory’s 
performance in relation to work performed for the client.  It is the laboratory’s goal to meet all 
client requirements in addition to statutory and regulatory requirements.  The laboratory has 
procedures to ensure confidentiality to clients (Section 15 and 25).  
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Note:  ISO/IEC 17025 states that a laboratory “shall afford clients or their representatives 
cooperation to clarify the client’s request”. This topic is discussed in Section 7. 

The laboratory’s standard procedures for reporting data are described in Section 25. Special 
services are also available and provided upon request.  These services include: 

• Reasonable access for our clients or their representatives to the relevant areas of the 
laboratory for the witnessing of tests performed for the client.  

• Assist client-specified third party data validators as specified in the client’s contract.  

• Supplemental information pertaining to the analysis of their samples. Note:   An 
additional charge may apply for additional data/information that was not requested prior 
to the time of sample analysis or previously agreed upon.   

7.5 Client Communication  

Project managers are the primary communication link to the clients.  They shall inform their 
clients of any delays in project completion as well as any non-conformances in either sample 
receipt or sample analysis.  Project management will maintain ongoing client communication 
throughout the entire client project.  

The Technical Director or QA Manager is available to discuss any technical questions or quality 
concerns that the client may have.  

7.6 Reporting  

The laboratory works with our clients to produce any special communication reports required by 
the contract.  

7.7 Client Surveys  

The laboratory assesses both positive and negative client feedback.  The results are used to 
improve overall laboratory quality and client service.  TestAmerica’s Sales and Marketing teams 
periodically develops lab and client specific surveys to assess client satisfaction.  Client 
comments are also collected from the TotalAccess public website. 

 

SECTION 8. SUBCONTRACTING OF TESTS  

8.1 Overview  

For the purpose of this quality manual, the phrase subcontracting laboratory refers to a 
laboratory external to the TestAmerica laboratory network.  The phrase “work sharing” refers to 
internal transfers of samples between TestAmerica laboratories.  The term outsourcing refers to 
the act of subcontracting tests.  

When contracting with our clients, the laboratory makes commitments regarding the services to 
be performed and the data quality for the results to be generated.  When the need arises to 
outsource testing for our clients because project scope, changes in laboratory capabilities, 
capacity, or unforeseen circumstances, we must be assured that the subcontractors or work 
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sharing laboratories understand the requirements and will meet the same commitments we 
have made to the client.  Refer to the SOP on Subcontracting Procedures (CA-L-S-002).  

When outsourcing analytical services, the PM or other laboratory staff must assure, to the 
extent necessary, that the subcontracting or work sharing laboratory maintains a program 
consistent with the requirements of this document, the requirements specified in TNI/ISO 17025, 
and/or the client’s Quality Assurance Project Plan (QAPP).  All QC guidelines specific to the 
client’s analytical program are transmitted to the subcontractor and agreed upon before sending 
the samples to the subcontracting facility.  Additionally, work requiring accreditation is placed 
with an appropriately accredited laboratory.  The laboratory performing the subcontracted work 
is identified in the final report, as is non-TNI accredited work where required.   

Project Managers (PMs), Manager of Project management, or Account Executives (AEs) for the 
Export Laboratory (i.e., the TestAmerica laboratory transferring samples to a nother laboratory) 
are responsible for obtaining client approval prior to subcontracting any samples.  The 
laboratory will advise the client of a subcontracting arrangement in writing and when possible 
approval from the client is retained in the project folder.  Standard TestAmerica Terms & 
Conditions include the flexibility to subcontract samples within the TestAmerica laboratory 
network.  Therefore, additional advance notification to clients for intra-laboratory subcontracting 
is not necessary unless specifically required by a client contract. 

Note:  In addition to the client, some regulatory agencies (e.g., USDA) or contracts may require 
notification prior to placing such work.  

8.2 Qualifying and Monitoring Subcontractors  

Whenever a PM (or Account Executive (AE) or Manager of Project Management) becomes 
aware of a client requirement or laboratory need where samples must be outsourced to another 
laboratory, the other laboratory(s) shall be selected based on the following:  

• The first priority is to attempt to place the work in a qualified TestAmerica laboratory;  

• Firms specified by the client for the task (Documentation that a subcontractor was 
designated by the client must be maintained with the project file.  This documentation 
can be as simple as placing a copy of an e-mail from the client in the project folder); 

• Firms listed as pre-qualified and currently under a subcontract with TestAmerica.  A 
listing of all approved subcontracting laboratories is available on the TestAmerica 
intranet site.  Supporting documentation is maintained by corporate offices and by the 
TestAmerica laboratory originally requesting approval of the subcontracting laboratory.  
Verify necessary accreditation, where applicable (e.g., on the subcontractors TNI, A2LA 
accreditation, or State Certification). 

• Firms identified in accordance with the company’s Small Business Subcontracting 
program as small, women-owned, veteran-owned, and/or minority-owned businesses; 

• TNI or A2LA accredited laboratories; 

• In addition, the firm must hold the appropriate certification to perform the work required. 

All TestAmerica laboratories are pre-qualified for work sharing provided they hold the 
appropriate accreditations, can adhere to the project/program requirements, and the client has 
approved sending the samples to that laboratory.  The client must provide written 
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acknowledgement that the samples can be sent to that facility (an e-mail is sufficient 
documentation – or, if acknowledgement is verbal, the date, time, and name of the person 
providing acknowledgement must be documented).  The originating laboratory is responsible for 
communicating all technical, quality, and deliverable requirements as well as other contract 
needs. 

When the potential sub-contract laboratory has not been previously approved, Account 
Executives or PMs may nominate a laboratory as a subcontractor based on need.  The decision 
to nominate a laboratory must be approved by the Laboratory Director.  The Laboratory Director 
requests that the QA Manager begin the process of approving the subcontracting laboratory as 
outlined in Corporate SOP No. CA-L-S-002, Subcontracting Procedures.  The client must 
provide written acknowledgement that the samples can be sent to that facility (an e-mail is 
sufficient documentation – or, if acknowledgement is verbal, the date, time, and name of the 
person providing acknowledgement must be documented).   

8.2.1 Once the appropriate accreditation and legal information is received by the laboratory, it 
is evaluated for acceptability (where applicable) by laboratory management and forwarded to 
the Corporate Quality Information Manager (QIM) for review.  Once all documents are reviewed 
for completeness, the Corporate QIM will forward the documents to the Purchasing Manager for 
formal signature and contracting with the laboratory.  The approved vendor will be added to the 
approved subcontractor list on the intranet site and the finance group is concurrently notified for 
JD Edwards.    

8.2.2 The client assumes responsibility for the quality of the data generated from the use of a 
subcontractor they have requested the laboratory to use.    The qualified subcontractors on the 
intranet site are known to meet minimal standards.  TestAmerica does not certify laboratories.  
The subcontractor is on our approved list and can only be recommended to the extent that we 
would use them. 

8.2.3 The status and performance of qualified subcontractors will be monitored periodically by 
the Corporate Contracts and/or Quality Departments.  Any problems identified are brought to 
the attention of TestAmerica’s Corporate Finance or Corporate Quality personnel.   

• Complaints shall be investigated.  Documentation of the complaint, investigation, and 
corrective action is maintained in the subcontractor’s file on the intranet site.  Complaints 
are posted using the Vendor Performance Report. 

• Information shall be updated on the intranet when new information is received from the 
subcontracting laboratories. 

• Subcontractors in good standing are retained on the intranet listing.  The QA Manager 
will notify all TestAmerica laboratories, Corporate Quality, and Corporate Contracts if 
any laboratory requires removal from the intranet site.  This notification is posted on the 
intranet site and e-mailed to all Laboratory Directors, QA Managers, and Sales 
Personnel.  

8.3 Oversight and Reporting  

The PM must request that the selected subcontractor be presented with a subcontract if one is 
not already executed between the laboratory and the subcontractor.  The subcontract must 
include terms which reflect the requirements of our clients, either in the subcontract itself or 
through the mechanism of work orders relating to individual projects.  A standard subcontract 
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and the Laboratory Subcontractor Vendor Package (posted on the intranet) can be used to 
accomplish this, and Corporate Counsel can tailor the document or assist with negotiations, if 
needed.  The PM (or  EDs, AEs, or CSM, etc.) responsible for the project must advise and 
obtain client consent to the subcontract as appropriate and provide the scope of work to ensure 
that the proper requirements are made a part of the subcontract and are made known to the 
subcontractor. 

Prior to sending samples to the subcontracting laboratory, the PM confirms their certification 
status to determine if it is current and scope-inclusive.  The information is documented on a 
Subcontracted Sample Form (Figure 8-1) and the form is retained in the project folder.  For 
TestAmerica laboratories, certifications can be viewed on the company’s Total Access 
Database.  

The Sample Control department is responsible for ensuring compliance with QA requirements 
and applicable shipping regulations when shipping samples to a subcontracting laboratory.  

All subcontracted samples must be accompanied by a TestAmerica Chain of Custody (COC). A 
copy of the original COC sent by the client must also be included with all samples subcontracted 
within TestAmerica.  Client CoCs are only forwarded to external subcontractors when samples 
are shipped directly from the project site to the subcontracting laboratory.  Under routine 
circumstances, client COCs are not provided to external subcontractors. 

Through communication with the subcontracting laboratory, the PM monitors the status of the 
subcontracted analyses, facilitates successful execution of the work, and ensures the timeliness 
and completeness of the analytical report.  

Non-TNI accredited work must be identified in the subcontractor’s report as appropriate.  If TNI 
accreditation is not required, the report does not need to include this information.  

Reports submitted from subcontracting laboratories are not altered and are included in their 
original form in the final project report.  The added report clearly identifies the data as being 
produced by a subcontracting facility.  If subcontracting laboratory data is incorporated into the 
laboratory’s EDD (i.e., imported), the report must explicitly indicate which laboratory produced 
the data for which methods and samples. 

Note:  The results submitted by a TestAmerica work sharing laboratory may be transferred 
electronically, and the results reported by the TestAmerica work sharing laboratory are identified 
on the final report.  The report must explicitly indicate which laboratory produced the data for 
which methods and samples.  The final report must include a copy of the completed COC for all 
work sharing reports.  

8.4 Contingency Planning  

The Laboratory Director may waive the full qualification process of a subcontracting laboratory 
temporarily to meet emergency needs; however, this decision and justification must be 
documented in the project files, and the ‘Purchase Order Terms And Conditions For 
Subcontracted Laboratory Services’ must be sent with the samples and Chain-of-Custody.  In 
the event this provision is utilized, the laboratory (e.g., PM) will be required to verify and 
document the applicable accreditations of the subcontractor.  All other quality and accreditation 
requirements will still be applicable, but the subcontractor need not have signed a subcontract 
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with TestAmerica at this time.  The comprehensive approval process must then be initiated 
within 30 calendar days of subcontracting. 
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Figure 8-1.   
 

Subcontracted Sample Form 
 
 

Date/Time:     ______________________________________ 
 
Subcontracted Laboratory Information: 
 

• Subcontractor’s Name:   ______________________________________ 
 

• Subcontractor Point of Contact:  ______________________________________ 
 

• Subcontractor’s Address:  ______________________________________ 
 

• Subcontractor’s Phone:   ______________________________________ 
 

• Analyte/Method:   ______________________________________ 
 

• Certified for State of Origin:  ______________________________________ 
 

• NELAC Accredited:   Yes________________No_________________ 
 

• A2LA (or ISO 17025) Accredited:  Yes________________No_________________ 
 

• AIHA Accredited:   Yes________________No_________________ 
 

• CLP-like Required:   Yes________________No_________________ 
(Full doc required) 
 

• Requested Sample Due Date:  ______________________________________ 
(Must be put on COC) 
 

• Client POC Approval on-file to  Yes________________No_________________ 
Subcontract Samples to Sub-Laboratory: 
 
 

Project Manager:  ______________________________________ 
 
 
Laboratory Sample # Range: ______________________________________ 
(Only of Subcontracted Samples) 
 
 
Laboratory Project Number (Billing Control #):  ______________________________________ 
 
All subcontracted samples are to be sent via bonded carrier and Priority Overnight.  Please attach 
tracking number below and maintain these records in the project files. 
 
 
PM Signature_________________________________________Date___________________________ 
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SECTION 9. PURCHASING SERVICES AND SUPPLIES   

9.1 Overview  

Capital expenditures are normally made in accordance with TestAmerica’s Corporate SOP 
Capital Expenditure, Controlled Purchase Requests, and Fixed Asset Capitalization, CW-F-S-
007.  TestAmerica Nashville may approve some expenditures according the guidance given in 
SOP Purchasing / NV08-232 

Evaluation and selection of suppliers and vendors are performed, in part, on the basis of the 
quality of their products, their ability to meet the demand for their products on a continuous and 
short term basis, the overall quality of their services, their past history, and competitive pricing.  
This is achieved through evaluation of objective evidence of quality furnished by the supplier, 
which can include certificates of analysis, recommendations, and proof of historical compliance 
with similar programs for other clients.  To ensure that quality critical consumables and 
equipment conform to specified requirements, which may affect quality, all purchases from 
specific vendors are approved by a member of the supervisory or management staff.   

Contracts are signed in accordance with TestAmerica’s Company-Wide Authorization Matrix 
Policy, CW-F-P-002.  Requests for Proposals (RFP’s) will be issued where more information is 
required from the potential vendors than just price.  Process details are available in 
TestAmerica’s Corporate Procurement and Contracts Policy (Policy No. CW-F-P-004).  RFP’s 
allow TestAmerica to determine if a vendor is capable of meeting requirements such as 
supplying all of the TestAmerica facilities, meeting required quality standards, and adhering to 
necessary ethical and environmental standards.  The RFP process also allows potential 
vendors to outline any additional capabilities they may offer.  

9.2 Glassware  

Glassware used for volumetric measurements must be Class A or verified for accuracy by the 
manufacturer or according to laboratory procedure.  Pyrex (or equivalent) glass is used where 
possible.   

9.3 Reagents, Standards, and Supplies  

Purchasing guidelines for equipment and reagents must meet the requirements of the specific 
method and testing procedures for which they are being purchased.  Standards should be 
purchased through ISO Guide 34 compliant vendors.  Solvents and acids are pre-tested in 
accordance with Corporate SOP on Solvent & Acid Lot Testing & Approval, SOP No. CA-Q-S-
001.  

9.3.1 Purchasing  
Chemical reagents, solvents, glassware, and general supplies are ordered as needed to 
maintain sufficient quantities on hand.  Materials used in the analytical process must be of a 
known quality.  The wide variety of materials and reagents available makes it advisable to 
specify recommendations for the name, brand, and grade of materials to be used in any 
determination.  This information is contained in the method SOP.  The analyst may check the 
item out of the on-site consignment system that contains items approved for laboratory use. 
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Any substitution of items requires the approval of the Technical Director, QA Manager, or 
Laboratory Director, using a Supply Item Substitution Approval Form as described in SOP 
Reagent and Standard Purchase, Preparation, Control Documentation / NV08-214.  Completed 
Supply Item Substitution forms are filed with the Purchasing Manager.  The department 
managers and the Purchasing Manager place the orders.  See SOP Purchasing / NV08-232 for 
further details.   

9.3.2 Receiving  
It is the responsibility of the Purchasing Manager or Operations Manager to acknowledge 
receipt the shipment into J.D. Edwards.  It is the responsibility of the analyst who ordered the 
materials to document the date materials were received.  Once the ordered reagents or 
materials are received, the analyst compares the information on the label or packaging to the 
original order to ensure that the purchase meets the quality level specified.  Safety Data Sheets 
(SDSs) are available online through the Company’s intranet website.  Anyone may review these 
for relevant information on the safe handling and emergency precautions of on-site chemicals. 

9.3.3 Specifications  
Methods in use in the laboratory specify the grade of reagent that must be used in the 
procedure.  If the quality of the reagent is not specified, reagent grade will be used.  It is the 
responsibility of the analyst to check the procedure carefully for the suitability of grade of 
reagent. 

Chemicals must not be used past the manufacturer’s expiration date and must not be used past 
the expiration time noted in a method SOP or the SOP Reagent and Standard Purchase, 
Preparation, Control Documentation / NV08-214.  If expiration dates are not provided, the 
laboratory may contact the manufacturer to determine an expiration date. 

The laboratory assumes a five year expiration date on inorganic dry chemicals and solvents 
unless noted otherwise by the manufacturer or by the reference source method.  
Chemicals/solvents must not be used past the manufacturer’s or SOP’s expiration date unless 
‘verified’ (refer to the 2nd bulleted item below).  

 An expiration date cannot be extended if the dry chemical/solvent is discolored or appears 
otherwise physically degraded.  The dry chemical/solvent must be discarded.  

• Expiration dates can be extended if the dry chemical/solvent is found to be satisfactory 
based on acceptable performance of quality control samples (Continuing Calibration 
Verification (CCV), Blanks, Laboratory Control Sample (LCS), etc.).  

• If the dry chemical/solvent is used for the preparation of standards, the expiration dates 
can be extended 6 months if the dry chemical/solvent is compared to an unexpired 
independent source in performing the method and the performance of the dry 
chemical/solvent is found to be satisfactory.  The comparison must show that the dry 
chemical/solvent meets CCV limits.  The comparison studies are maintained by the 
department manager.  

Wherever possible, standards must be traceable to national or international standards of 
measurement or to national or international reference materials (i.e., 9001, IT024, and ISO 34 
as applicable).  Records to that effect must be available to the user. 
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Compressed gases in use are checked for pressure and secure positioning daily.  The minimum 
total pressure must be 500 psig or the tank must be replaced.  To prevent a tank from going to 
dryness or introducing potential impurities, close observation of the tank gauge must take place 
as pressure decreases toward 15% of the original reading, at which point it should be replaced.  
For example, a standard sized laboratory gas cylinder containing 3,000 psig of gas should be 
replaced when it drops to approximately 500 psig.  The quality of the gases must meet method 
or manufacturer specification or be of a grade that does not cause any analytical interference.  

Water used in the preparation of standards or reagents must be free of target analytes at the 
concentration of the MDL. 

The laboratory may purchase reagent grade (or other similar quality) water for use in the 
laboratory.  This water must be certified “clean” by the supplier for all target analytes or 
otherwise verified by the laboratory prior to use.  This verification must be documented.   

Standard lots are verified before first time use if the laboratory switches manufacturers or has 
historically had a problem with the type of standard.  

Purchased bottleware used for sampling must be certified clean and the certificates must be 
maintained.  If uncertified sampling bottleware is purchased, all lots must be verified clean prior 
to use.  This verification must be maintained.  

Records of manufacturer’s certification and traceability statements are maintained in files or 
binders in each laboratory section or electronically.  These records include date of receipt, lot 
number (when applicable) and expiration date (when applicable).  Incorporation of the item into 
the record indicates that the analyst has compared the new certificate with a previous one for 
the same purpose and that no difference is noted, unless approved and so documented by the 
Technical Director, Quality Assurance Manager, or Corporate. 

9.3.4 Storage  
Reagent and chemical storage is important from the aspects of both integrity and safety.  Light-
sensitive reagents may be stored in brown-glass containers.  Storage conditions are per the 
Corporate Environmental Health & Safety Manual (Corp. Doc. No. CW-E-M-001), method 
SOPs, or manufacturer instructions.   

9.4 Purchase of Equipment / Instruments / Software  

When a new piece of equipment is needed, either for additional capacity or for replacing 
inoperable equipment, the analyst or department manager makes a supply request to the 
Operations Manager, Technical Director, and/or the Laboratory Director.  If they agree with the 
request, the procedures outlined in TestAmerica’s Corporate Policy No. CA-T-P-001, Qualified 
Products List, are followed.  A decision is made as to which piece of equipment can best satisfy 
the requirements.  The appropriate written requests are completed and purchasing places the 
order. 

Upon receipt of a new or used piece of equipment, an identification name is assigned and 
added to the equipment list that is maintained by the QA Department, and IT must be notified so 
that it can be linked to the server for back-ups.  Its capability is assessed to determine if it is 
adequate or not for the specific application.  For instruments, a calibration curve is generated, 
followed by MDLs, Demonstration of Capabilities (DOCs), and other relevant criteria (see 
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Section 19).  For software, its operation must be deemed reliable and evidence of instrument 
verification must be retained at the instrument and in the QA Department.  Software certificates 
supplied by the vendors are filed with the IT department.  The manufacturer’s operation manual 
is retained at the bench. 

9.5 Services  

Service to analytical instruments (except analytical balances) is performed on an as needed 
basis.  Routine preventive maintenance is discussed in Section 20.  The need for service is 
determined by analysts and/or the Technical Director/Operations Manager/Laboratory Director.  
The service providers who perform the services are approved by the Department 
Managers/Supervisors/Technical Director.  

9.6 Suppliers  

TestAmerica selects vendors through a competitive proposal / bid process, strategic business 
alliances, or negotiated vendor partnerships (contracts).  This process is defined in Procurement 
and Contracts Policy (Policy No. CW-F-P-004).  The level of control used in the selection 
process is dependent on the anticipated expenses and the potential impact on TestAmerica 
business.  Vendors that provide test and measuring equipment, solvents, standards, certified 
containers, instrument related service contracts, or subcontract laboratory services shall be 
subject to more rigorous controls than vendors that provide off-the-shelf items of defined quality 
that meet the end use requirements.  The JD Edwards purchasing system includes all suppliers 
/vendors that have been approved for use.  

Evaluation of suppliers is accomplished by ensuring the supplier ships the product or material 
ordered and that the material is of the appropriate quality.  This is documented by signing off on 
packing slips or other supply receipt documents.  The purchasing documents contain the data 
that adequately describe the services and supplies ordered. 

Any issues of vendor performance are to be reported immediately by the laboratory staff to the 
Corporate Purchasing Group by completing a Vendor Performance Report (CW-F-WI-009). 

The Corporate Purchasing Group works through the appropriate channels to gather the 
information required to clearly identify the problem and will contact the vendor to report the 
problem and to make any necessary arrangements for exchange, return authorization, credit, 
etc. 

As deemed appropriate, the Vendor Performance Reports will be summarized and reviewed to 
determine corrective action necessary or service improvements required by vendors 

The laboratory has access to a master listing of all approved suppliers of critical consumables, 
supplies, and services.  This information is provided through the JD Edwards purchasing 
system.  
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9.6.1 New Vendor Procedure 

TestAmerica employees who wish to request the addition of a new vendor must complete a J.D. 
Edwards Vendor Add Request Form.  New vendors to be used for technical purchases must 
also undergo vendor evaluation as described in laboratory SOP Purchasing / NV08-232. 

New vendors are evaluated based upon criteria appropriate to the products or services provided 
as well as their ability to provide those products and services at a competitive cost.  Vendors are 
also evaluated to determine if there are ethical reasons or potential conflicts of interest with 
TestAmerica employees that would make it prohibitive to do business with them as well as their 
financial stability.  The Corporate QA Department and/or the Corporate Technical Services 
Director are consulted with vendor and product selection that have an impact on quality.  

 

SECTION 10. COMPLAINTS 

10.1 Overview  

TestAmerica Nashville considers an effective client complaint handling processes to be of 
significant business and strategic value.  Listening to and documenting client concerns captures 
“client knowledge” that enables our operations to continually improve processes and client 
satisfaction.  An effective client complaint handling process also provides assurance to the data 
user that the laboratory stands behind its data, service obligations, and products. 

A client complaint is any expression of dissatisfaction with any aspect of our business services 
(e.g., communications, responsiveness, data, reports, invoicing and other functions) expressed 
by any party, whether received verbally or in written form.  Client inquiries, complaints, or noted 
discrepancies are documented, communicated to management, and addressed promptly and 
thoroughly. 

The laboratory has procedures for addressing both external and internal complaints, with the 
goal of providing satisfactory resolution to complaints in a timely and professional manner. 

The nature of the complaint is identified, documented, and investigated, and an appropriate 
action is determined and taken.  In cases where a client complaint indicates that an established 
policy or procedure was not followed, the QA Department must evaluate whether a special audit 
must be conducted to assist in resolving the issue.  A written confirmation or letter to the client, 
outlining the issue and response taken is recommended as part of the overall action taken. 

The process of complaint resolution and documentation utilizes the procedures outlined in 
Section 12 (Corrective Actions) and is documented in a non-conformance database or in a 
Corrective Action Report (CAR).   

10.2 External Complaints  

An employee that receives a complaint initiates the complaint resolution process and the 
documentation of the complaint.     

Complaints fall into two categories: correctable and non-correctable.  An example of a correctable 
complaint would be one where a report re-issue would resolve the complaint.  An example of a 
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non-correctable complaint would be one where a client complains that their data was repeatedly 
late.  Non-correctable complaints are reviewed for preventive action measures to reduce the 
likelihood of future occurrence and mitigation of client impact.   

The general steps in the complaint handling process are: 

• Receiving and Documenting Complaints 

• Complaint Investigation and Service Recovery 

• Process Improvement 

The laboratory shall inform the initiator of the complaint of the results of the investigation and the 
corrective action taken, if any. 

10.3 Internal Complaints  

Internal complaints include, but are not limited to: errors and non-conformances, training issues, 
internal audit findings, and deviations from methods.  Corrective actions may be initiated by any 
staff member who observes a nonconformance and shall follow the procedures outlined in Section 
12.  In addition, Corporate Management, Sales and Marketing, and Information Technology (IT) 
may initiate a complaint by contacting the laboratory or through the corrective action system 
described in Section 12.   

10.4 Management Review  

The number and nature of client complaints are reported by the QA Manager to the laboratory and 
Corporate QA Director in the QA Monthly report.  Monitoring and addressing the overall level and 
nature of client complaints and the effectiveness of the solutions are part of the Annual 
Management Review (Section 16). 

 

SECTION 11. CONTROL OF NON-CONFORMING WORK 

11.1 Overview  

When data discrepancies are discovered or deviations and departures from laboratory standard 
procedures, policies, and/or client requests have occurred, corrective action is taken immediately.  
First, the laboratory evaluates the significance of the nonconforming work and generates a non-
conformance memo (NCM) in LIMS, and notifies laboratory management (using the “Nashville-
Mgr411” emailing group).  Then, an action plan is initiated based on the outcome of the 
evaluation.  If it is determined that the nonconforming work is an isolated incident, the plan could 
be as simple as adding a qualifier to the final results and/or making a notation in the case 
narrative.  If it is determined that the nonconforming work is a systematic or improper practices 
issue, the action plan could include a more in depth investigation and a possible suspension of an 
analytical method.  In all cases, the actions taken are documented using the laboratory’s NCM 
and/or corrective action system (refer to Section 12).  

Due to the frequently unique nature of environmental samples, sometimes departures from 
documented policies and procedures are needed.  When an analyst encounters such a situation, 
the problem is presented to the supervisor for resolution.  The supervisor may elect to discuss it 
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with the Technical Director or have a representative contact the client to decide on a logical 
course of action.  Once an approach is agreed upon, the analyst documents it using the 
laboratories NCM system described in Section 13.  This information can then be supplied to the 
client in the form of a footnote or a case narrative with the report.  [Note:   For Ohio VAP, the 
laboratory must not deviate from approved SOPs or the QA Manual.] 

Project Management may encounter situations where a client may request that a special 
procedure be applied to a sample that is not standard laboratory practice.  Based on a technical 
evaluation, the laboratory may accept or opt to reject the request based on technical or ethical 
merit.  An example might be the need to report a compound that the laboratory does not normally 
report.  The laboratory would not have validated the method for this compound following the 
procedures in Section 19.  The client may request that the compound be reported based only on 
the calibration.  Such a request would need to be approved by the Technical Director and QA 
Manager, documented, and included in the project folder.  Deviations must also be noted on the 
final report with a statement that the compound is not reported in compliance with TNI (or the 
analytical method) requirements and the reason.  Data being reported to a non-TNI state would 
need to note the change made to how the method is normally run.  

On a monthly basis, the laboratory management team reviews the non-conformances to 
determine if any trends are present.  If trends are found, such as repeated occurrences, further 
corrective action is taken to eliminate the reoccurrences as outline in Section 12. 

11.2 Responsibilities and Authorities  

TestAmerica’s Corporate SOP entitled Internal Investigation of Potential Data Discrepancies and 
Determination for Data Recall (SOP No. CW-L-S-002) outlines the general procedures for the 
reporting and investigation of data discrepancies and alleged incidents of misconduct or violations 
of TestAmerica’s data integrity policies as well as the policies and procedures related to the 
determination of the potential need to recall data. 

Under certain circumstances the Laboratory Director, the Technical Director, a Department 
Manager, or the QA Manager may authorize departures from documented procedures or policies.  
The departures may be a result of procedural changes due to the nature of the sample; a one-
time procedure for a client; QC failures with insufficient sample to reanalyze, etc.  In most cases, 
the client must be informed of the departure prior to the reporting of the data.  Any departures 
must be well documented using the laboratory’s corrective action procedures.  This information 
may also need to be documented in logbooks and/or data review checklists and in LIMS, as 
appropriate.  Any impacted data must be referenced in a case narrative and/or flagged with an 
appropriate data qualifier.     

Any misrepresentation or possible misrepresentation of analytical data discovered by any 
laboratory staff member must be reported to facility senior management within 24 hours.  The 
Senior Management staff is comprised of the Laboratory Director, the QA Manager, and the 
Technical Director.  The reporting of issues involving alleged violations of the company’s data 
integrity or manual integration procedures must be conveyed to an Ethics and Compliance Officer 
(ECO), the Director of Quality & Client Advocacy, and Corporate Quality Director within 24 hours 
of discovery.   

Whether an inaccurate result was reported due to calculation or quantitation errors, data entry 
errors, improper practices, or failure to follow SOPs, the data must be evaluated to determine the 
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possible effect.  The Department Manager or Operations Manager must notify the QA Manager, 
Technical Director, and Laboratory Director when the reporting of inaccurate data has been 
confirmed. 

The Laboratory Director, QA Manager, Ethics and Compliance Officers, Corporate Quality, 
Executive VP of Operations, VP of Operations, and the Corporate Quality Directors have the 
authority and responsibility to halt work, withhold final reports, or suspend an analysis for due 
cause as well as authorize the resumption of work. 

11.3 Evaluation of Significance and Actions Taken  

TestAmerica’s Corporate SOP entitled Internal Investigation of Potential Data Discrepancies and 
Determination for Data Recall (SOP No. CW-L-S-002) distinguishes between situations when it 
would be appropriate for laboratory management to make the decision on the need for client 
notification (written or verbal) and data recall (report revision) and when the decision must be 
made with the assistance of the ECOs and Corporate Management.  Laboratory level decisions 
are documented and approved using the laboratory’s standard nonconformance/corrective action 
reporting in lieu of the data recall determination form contained in TestAmerica’s Corporate SOP 
No. CW-L-S-002.  

11.4 Prevention of Non-Conforming Work  

If it is determined that the nonconforming work could recur, corrective actions must be made 
following the laboratory’s corrective action system.   

On a monthly basis, the Senior Management team evaluates non-conformances to determine if 
any nonconforming work has been repeated multiple times.  If so, the laboratory’s corrective 
action process is followed.  

11.5 Method Suspension / Restriction (Stop Work Procedures)  

In some cases it may be necessary to suspend/restrict the use of a method or target compound 
which constitutes significant risk and/or liability to the laboratory.  Suspension/restriction 
procedures can be initiated by any of the persons noted in Section 11.2, Paragraph 5. 

Prior to suspension/restriction, confidentiality must be respected, the problem and the required 
corrective and preventive action must be stated in writing and presented to the Laboratory 
Director. 

The Laboratory Director must arrange for the appropriate personnel to meet with the QA Manager 
as needed.  This meeting must be held to confirm that there is a problem, that 
suspension/restriction of the method is required and must be concluded with a discussion of the 
steps necessary to bring the method/target or test fully back on line.  In some cases a formal 
group meeting may not be necessary if all appropriate personnel have already agreed there is a 
problem and there is agreement on the steps needed to bring the method, target or test fully back 
on line.  

The QA Manager also initiates a corrective action report as described in Section 12 if one has not 
already been started.  A copy of any meeting notes and agreed upon steps should be faxed or e-
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mailed by the laboratory to the appropriate General Manager and member of Corporate QA.  This 
fax/e-mail acts as notification of the incident. 

After suspension/restriction, the laboratory holds all reports to clients pending review.  No faxing, 
mailing, or distributing through electronic means may occur.  The report must not be posted for 
viewing on the internet.  It is the responsibility of the Laboratory Director to hold all reporting and 
to notify all relevant laboratory personnel regarding the suspension/restriction (i.e., Project 
Management, Log-in, etc.).  Clients will NOT generally be notified at this time.  Analysis may 
proceed in some instances depending on the issue.  

Within 72 hours, the QA Manager determines if compliance is now met and reports can be 
released, OR determines the plan of action to bring work into compliance, and releases work.  A 
team, with all principals involved (Laboratory Director, Technical Director, QA Manager, 
Department Manager) can devise a start-up plan to cover all steps from client notification through 
compliance and release of reports.  Project Management and the Director of Client Services and 
Sales and Marketing are notified if clients must be notified or if the suspension/restriction affects 
the laboratory’s ability to accept work.  The QA Manager must approve start-up or elimination of 
any restrictions after all corrective action is complete.  Approval is given by final signature on the 
completed corrective action report.  

 

SECTION 12. CORRECTIVE ACTION 

12.1 Overview  

A major component of TestAmerica’s Quality Assurance (QA) Program is the problem 
investigation and feedback mechanism designed to keep the laboratory staff informed on quality 
related issues and to provide insight to problem resolution.  When nonconforming work or 
departures from policies and procedures in the quality system or technical operations are 
identified, the corrective action procedure provides a systematic approach to assess the issues, 
restore the laboratory’s system integrity, and prevent reoccurrence.  Corrective actions are 
documented using Non-Conformance Memos (NCM) and Corrective Action Reports (CAR) (refer 
to Figure 12-1). 

12.2 General  

Problems within the quality system or within analytical operations may be discovered in a variety 
of ways, such as QC sample failures, internal or external audits, proficiency testing (PT) 
performance, client complaints, staff observation, etc. 

The purpose of a corrective action system is to: 

• Identify non-conforming events and assign responsibility for investigation. 

• Resolve non-conforming events and assign responsibility for any required corrective 
action.  

• Identify systematic problems before they become serious. 

• Identify and track client complaints and provide resolution (see more on client complaints 
in Section 11). 
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12.2.1 Non-Conformance Memo (NCM)  - is used to document the following types of 
corrective actions:  

• Deviations from an established procedure or SOP  

• QC outside of limits (non-matrix related) 

• Isolated reporting / calculation errors 

• Client complaints  

• Discrepancies in materials / goods received versus manufacturer’s packing slips 

12.2.2 Corrective Action Report (CAR)  - is used to document the following types of 
corrective actions:  

• Questionable trends that are found in the review of NCMs  

• Issues found while reviewing NCMs that warrant further investigation  

• Internal and external audit findings  

• Failed or unacceptable PT results 

• Corrective actions that cross multiple departments in the laboratory  

• Systematic reporting / calculation errors 

• Client complaints 

• Data recall investigations 

• Identified poor process or method performance trends 

• Excessive revised reports 

• Health and safety violations 

This will provide background documentation to enable root cause analysis and preventive 
action. 

12.3 Closed Loop Corrective Action Process  

Any employee in the company can initiate a corrective action.  There are four main components to 
a closed-loop corrective action process once an issue has been identified:  Cause Analysis, 
Selection and Implementation of Corrective Actions (both short and long term), Monitoring of the 
Corrective Actions, and Follow-up.   

12.3.1 Cause Analysis  

• Upon discovery of a non-conformance event, the event must be defined and 
documented.  An NCM or CAR must be initiated, someone is assigned to investigate the 
issue and the event is investigated for cause.  Table 12-1 provides some general 
guidelines on determining responsibility for assessment. 

• The cause analysis step is the key to the process since a long-term corrective action 
cannot be determined until the cause is determined 
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• If the root cause is not obvious, the Department Manager, Technical Director, Laboratory 
Director, or QA Manager (or QA designee) is consulted. 

12.3.2 Selection and Implementation of Corrective Actions  

• Where corrective action is needed, the laboratory must identify potential corrective 
actions.  The action(s) most likely to eliminate the problem and prevent recurrence are 
selected and implemented.  Responsibility for implementation is assigned.  

• Corrective actions must be to a degree appropriate to the magnitude of the problem 
identified through the cause analysis. 

• Whatever corrective action is determined to be appropriate, the laboratory must 
document and implement the changes.  The NCM or CAR is used for this 
documentation.  

12.3.3 Root Cause Analysis  

Root Cause Analysis is a class of problem solving (investigative) methods aimed at identifying 
the basic or causal factor(s) that underlie variation in performance or the occurrence of a 
significant failure. The root cause may be buried under seemingly innocuous events, many 
steps preceding the perceived failure. At first glance, the immediate response is typically 
directed at a symptom and not the cause. Typically, root cause analysis would be best with 
three or more incidents to triangulate a weakness.  

Systematically analyze and document the Root Causes of the more significant problems that 
are reported. Identify, track, and implement the corrective actions required to reduce the 
likelihood of recurrence of significant incidents.  Trend the Root Cause data from these 
incidents to identify Root Causes that, when corrected, can lead to dramatic improvements in 
performance by eliminating entire classes of problems.  

Identify the one event associated with problem and ask why this event occurred.  Brainstorm 
the root causes of failures; for example, by asking why events occurred or conditions existed; 
and then why the cause occurred 5 consecutive times until you get to the root cause. For each 
of these sub events or causes, ask why it occurred.  Repeat the process for the other events 
associated with the incident.  

Root cause analysis does not mean the investigation is over.  Look at technique, or other 
systems outside the normal indicators. Often creative thinking will find root causes that 
ordinarily would be missed, and continue to plague the laboratory or operation.   

12.3.4 Monitoring of the Corrective Actions  

• The Technical Director, Department Manager/Supervisor, and QA Manager are 
responsible to ensure that the corrective action taken was effective. 

• Ineffective actions are documented and re-evaluated until acceptable resolution is 
achieved.  Department Managers are accountable to the Laboratory Director to ensure 
final acceptable resolution is achieved and documented appropriately. 

• Each NCM and CAR is entered into a database for tracking purposes, and a monthly 
summary of all corrective actions is printed out for review to aid in ensuring that the 
corrective actions have taken effect.  



Document No.: 0001 
Revision No.:  24 

Effective Date: August 1, 2014  
Page 54 of 195 

 

Company Confidential & Proprietary 

• The QA Manager reviews monthly NCMs and CARs for trends.  Highlights are included 
in the QA monthly report (refer to Section 16).  If a significant trend develops that 
adversely affects quality, an internal audit of the area is performed and corrective action 
implemented.  

• Any out-of-control situations that are not addressed acceptably at the laboratory level 
may be reported to the Corporate Quality Director by the QA Manager indicating the 
nature of the out-of-control situation and problems encountered in solving the situation.   

12.3.5 Follow-up Audits  

• Follow-up audits may be initiated by the QA Manager and are performed as soon as 
possible when the identification of a nonconformance casts doubt on the laboratory’s 
compliance with its own policies and procedures, or on its compliance with state or 
federal requirements.  

• These audits often follow the implementation of the corrective actions to verify 
effectiveness.  An additional audit would only be necessary when a critical issue or risk 
to business is discovered.  

(Also refer to Section 15.1.4, Special Audits) 

12.4 Technical Corrective Actions   

In addition to providing acceptance criteria and specific protocols for technical corrective actions 
in the method SOPs, the laboratory has general procedures to be followed to determine when 
departures from the documented policies and procedures and quality control have occurred 
(refer to Section 11).  The documentation of these procedures is accomplished through the use 
of an NCM or CAR.   

Table 12-1 includes examples of general technical corrective actions.  For specific criteria and 
corrective actions refer to the analytical methods or method-specific SOPs.  The laboratory may 
also maintain work instructions on these items that are available upon request. 

Table 12-1 provides some general guidelines for identifying the individual(s) responsible for 
assessing each QC type and initiating corrective action.  The table also provides general 
guidance on how a data set must be treated if associated QC measurements are unacceptable.  
Specific procedures are included in method SOPs, work instructions, and QAM Sections 19 and 
20).  All corrective actions are reviewed monthly, at a minimum, by the QA Manager and 
highlights are included in the QA monthly report.  

To the extent possible, samples shall be reported only if all quality control measures are 
acceptable.  If the deficiency does not impair the usability of the results, data must be reported 
with an appropriate data qualifier and/or the deficiency must be noted in the case narrative.  
Where sample results may be impaired, the Project Manager is notified by an NCM and 
appropriate corrective action (e.g., reanalysis) is performed and documented.   
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12.5 Basic Corrections  

When mistakes occur in records, each mistake must be crossed-out, and not erased, deleted, 
made illegible, or otherwise obliterated (e.g., no white-out), and the correct value entered 
alongside the original value.  All such corrections must be initialed (or signed) and dated by the 
person making the correction (see Figure 12-2).  In the case of records stored electronically, the 
original “uncorrected” file must be maintained intact and a second “corrected” file is created. 

This same process applies to adding additional information to a record.  All additions made later 
than the original initial/date must also be initialed (or signed) and dated.   

When corrections are due to reasons other than obvious transcription errors, the reason for the 
corrections (or additions) must also be documented.  
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Figure 12-1.   Corrective Action Report 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 12-2.   Example of Acceptable Error Correction 
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Table 12-1.          General Corrective Action Procedu res  
 
 

QC Activity 
(Individual Responsible 

for Initiation/Assessment) Acceptance Criteria 
Recommended 

Corrective Action 
Initial Instrument 
Blank 
 
(Analyst) 

- Instrument response < MDL. - Prepare another blank.  
- If same response, determine cause of 

contamination: reagents, environment, 
instrument/equipment failure, etc. 

Initial Calibration Standards 
 
(Analyst, Department 
Manager) 

- Correlation coefficient r ≥ 0.995 (r2 
≥ 0.990) or standard concentration 
value. 

- % Recovery within acceptance 
range. 

- See details in method SOP. 

- Reanalyze standards.  
- If still unacceptable, remake 

standards and recalibrate instrument. 

Independent Calibration 
Verification  
(Second Source) 
 
(Analyst, Department 
Manager) 

- % Recovery within control limits. - Remake once and reanalyze 
standard. 

- If still unacceptable, then remake 
calibration standards or use new 
primary standards and recalibrate 
instrument. 

Continuing Calibration 
Standards 
 
(Analyst, Data Reviewer) 

- % Recovery within control limits. - Reanalyze standard once. 
- If still unacceptable, then recalibrate 

and rerun affected samples. 

Matrix Spike /  
Matrix Spike Duplicate 
(MS/MSD) 
 
(Analyst, Data Reviewer) 

- % Recovery within limits 
documented in the LIMS  

- If the acceptance criteria for 
duplicates or matrix spikes are not 
met because of matrix interferences, 
the acceptance of the analytical batch 
is determined by the validity of the 
LCS. 

- If both MS and MSD are similarly 
outside acceptable limits and the LCS 
is within acceptable limits, the batch is 
acceptable 

- If one analysis of the MS/MSD pair is 
within acceptable limits and the other 
is outside acceptable limits, repeat the 
analysis exhibiting unacceptable 
results. 

- The results of the duplicates, matrix 
spikes, and the LCS are reported with 
the data set.  

- For matrix spike or duplicate results 
outside criteria, the data for that 
sample shall be reported with 
qualifiers.  Note: It is acceptable to not 
report MS/MSD results for projects 
when a sample from that project was 
not spiked. 



Document No.: 0001 
Revision No.:  24 

Effective Date: August 1, 2014  
Page 58 of 195 

 

Company Confidential & Proprietary 

QC Activity 
(Individual Responsible 

for Initiation/Assessment) Acceptance Criteria 
Recommended 

Corrective Action 
Laboratory Control Sample 
(LCS) 
 
(Analyst, Data Reviewer) 

- % Recovery within limits specified in 
LIMS 

- Batch must be re-prepared and re-
analyzed. This includes any allowable 
marginal exceedance.  

- When not using marginal 
exceedances, the following 
exceptions apply: 

1) When the acceptance criteria 
for the positive control are 
exceeded high (i.e.,. high bias) 
and there are associated 
samples that are non-detects, 
then those non-detects may be 
reported with data qualifying 
codes 

2) When the acceptance criteria 
for the positive control are 
exceeded low (i.e.,. low bias) 
those sample results may be 
reported if they exceed a 
maximum regulatory limit / 
decision level with data 
qualifying codes 

 
- Note: This may not be used for the 

Ohio VAP.  Samples with detects (i.e., 
high or low exceedance) must be 
reanalyzed as well as samples with 
non-detects and the low exceedance 
assuming sufficient sample remains. 

- Note: If there is insufficient sample or 
the holding time cannot be met, 
contact client and report with flags. 

- Surrogates 
 
(Analyst, Data Reviewer) 

- % Recovery within limits of method 
or within three standard deviations 
of the historical mean as specified in 
LIMS. 

- Individual samples must be repeated.  
Place comment in LIMS. 

- Surrogate results outside criteria shall 
be reported with qualifiers 

- When surrogates fail in a method 
blank or LCS, re-analyze an aliquot of 
the blank or LCS.  If the same 
anomaly occurs upon re-analysis, the 
batch (i.e. blank, LCS and associated 
samples) must be re-prepared and re-
analyzed.  The exceptions are as 
follows:  
(a) insufficient sample for re-
preparation, or  
(b) the surrogates are biased high and 
the samples are non-detect. 
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QC Activity 
(Individual Responsible 

for Initiation/Assessment) Acceptance Criteria 
Recommended 

Corrective Action 
- Method Blank (MB) 
 
(Analyst, Data Reviewer) 

-  < Reporting Limit 1 - Reanalyze blank. 
- If still positive, determine source of 

contamination. If necessary, 
reprocess (i.e., digest or extract) 
entire sample batch.  Report blank 
results. 

- Qualify the result(s) if the 
concentration of a targeted analyte in 
the MB is at or above the reporting 
limit AND is > 1/10 of the amount 
measured in a sample (not applicable 
for samples analyzed under the Ohio 
VAP – if sufficient sample remains, 
reprocess the batch.) 

Proficiency Testing (PT) 
Samples 
 
(QA Manager, Department 
Manager) 

- Criteria supplied by PT Supplier. - Any failures or warnings must be 
investigated for cause. Failures may 
result in the need to repeat a PT 
sample to show the problem is 
corrected.  

Internal / External Audits 
 
(QA Manager, Department 
Manager, Operations 
Manager, Technical 
Director, Laboratory 
Director) 

- Defined in Quality System 
documentation such as SOPs, 
QAM, etc. 

- Non-conformances must be 
investigated through CAR system and 
necessary corrections must be made.  

Reporting / Calculation 
Errors 
 
(Depends on issue – 
possible individuals include: 
Analysts, Data Reviewers, 
Project Managers, 
Department Manager, QA 
Manager, Corporate QA, 
Corporate Management) 

- SOP CW-L-S-002, Internal 
Investigation of Potential Data 
Discrepancies and Determination for 
Data Recall. 

- Corrective action is determined by 
type of error. Follow the procedures in 
SOP CW-L-S-002.  

Client Complaints 
 
(Project Managers, 
Laboratory Director, Sales 
and Marketing) 

-  - Corrective action is determined by the 
type of complaint. For example, a 
complaint regarding an incorrect 
address on a report must result in the 
report being corrected and then 
follow-up must be performed on the 
reasons the address was incorrect 
(e.g., database needs to be updated).  
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QC Activity 
(Individual Responsible 

for Initiation/Assessment) Acceptance Criteria 
Recommended 

Corrective Action 
QA Monthly Report  
(Refer to Section 16 for an 
example) 
 
(QA Manager, Laboratory 
Director, Department 
Managers) 

- QAM, SOPs. - Corrective action is determined by the 
type of issue. For example, CARs for 
the month are reviewed and possible 
trends are investigated.  

Health and Safety Violation  
 
(Health & Safety Officer, 
Laboratory Director, 
Department Manager) 

- Environmental Health and Safety 
(EHS) Manual. 

- Non-conformance is investigated and 
corrected through CAR system.  

 
Note:  
1.  Except as noted below for certain compounds, the method blank must be below the detection limit. 
Concentrations up to five times the reporting limit are allowed for the ubiquitous laboratory and reagent 
contaminants: methylene chloride, toluene, acetone, 2-butanone and phthalates provided  they appear in 
similar levels in the reagent blank and samples. This allowance presumes that the detection limit is 
significantly below any regulatory limit to which the data are to be compared and that blank subtraction is 
not performed. For benzene and ethylene dibromide (EDB) and other analytes for which regulatory limits 
are extremely close to the detection limit, the method blank must be below the method detection limit.  
For Ohio VAP, the method blank must be below the reporting limit for all analytes that are a contaminant 
of concern for the project site.  
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SECTION 13. PREVENTIVE ACTION / IMPROVEMENT  

13.1 Overview  

The laboratory’s preventive action programs improve or eliminate potential causes of 
nonconforming product and/or nonconformance to the quality system.  This preventive action 
process is a proactive and continuous process of improvement activities that can be initiated 
through feedback from clients, employees, business providers, and affiliates.  The QA 
Department has the overall responsibility to ensure that the preventive action process is in place 
and that relevant information on actions is submitted for management review. 

Dedicating resources to an effective preventive action system emphasizes TestAmerica 
Nashville’s commitment to its Quality Program.  It is beneficial to identify and address negative 
trends before they develop into complaints, problems, and corrective actions.  Additionally, 
customer service and client satisfaction can be improved through continuous improvements to 
laboratory systems.  

Opportunities for improvement may be discovered during management reviews, the monthly QA 
Metrics Report, evaluation of internal or external audits, results and evaluation of proficiency 
testing (PT) performance, data analysis and review processing operations, client complaints, 
staff observation, etc. 

The monthly Management Systems Metrics Report shows performance indicators in all areas of 
the laboratory and quality system.  These areas include revised reports, corrective actions, audit 
findings, internal auditing and data authenticity audits, client complaints, PT samples, holding 
time violations, SOPs, ethics training, etc.  These metrics are used in evaluating the 
management and quality system performance on an ongoing basis and provide a tool for 
identifying areas for improvement.  

The laboratory’s corrective action process is integral to implementation of preventive actions.  A 
critical piece of the corrective action process is the implementation of actions to prevent further 
occurrence of a non-compliance event.  Historical review of corrective action provides a 
valuable mechanism for identifying preventive action opportunities.  

13.1.1 The following elements are part of a preventive action system:  

• Identification of an opportunity for preventive action 

• Processes for preventive action 

• Defining the measurements of the effectiveness of the process once undertaken 

• Execution of the preventive action 

• Evaluation of the plan using the defined measurements 

• Verification of the effectiveness of the preventive action 

• Close-Out by documenting any permanent changes to the Quality System as a result of 
the Preventive Action.  Documentation of Preventive Action is incorporated into the 
monthly QA reports, corrective action process, and management reviews. 
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13.1.2 Any preventive actions performed or attempted must be evaluated during the annual 
Management Systems Review (Section 16).  A highly detailed report is not required; however, a 
summary of success and failure within the preventive action program is sufficient to provide 
management with a measurement for evaluation. 

13.2 Management of Change  

The Management of Change process is designed to manage significant events and changes 
that occur within the laboratory.  Through these procedures, the potential risks inherent with a 
new event or change are identified and evaluated.  The risks are minimized or eliminated 
through pre-planning and the development of preventive measures.  The types of changes 
covered under this system include: facility changes, major accreditation changes, addition or 
deletion to the laboratory’s capabilities or instrumentation, key personnel changes, laboratory 
information management system (LIMS) changes, etc.  This process is discussed in further 
detail in SOP Management of Change / NV08-161. 

 

SECTION 14. CONTROL OF RECORDS    

TestAmerica Nashville maintains a records management system appropriate to its needs and 
that complies with applicable standards or regulations as required.  The system produces 
unequivocal, accurate records that document all laboratory activities.  The laboratory retains all 
original observations, calculations and derived data, calibration records, and a copy of the 
analytical report for a minimum of five years after they has been issued.  See SOP Archiving of 
Technical and Quality Department Paper Records / NV08-194 for the archiving procedures.    

14.1 Overview  

The laboratory has established procedures for identification, collection, indexing, access, filing, 
storage, maintenance, and disposal of quality and technical records.  A record index is listed in 
Table 14-1.  Quality records are maintained by the Quality Assurance (QA) department in a 
database, which is backed-up as part of the regular network back-up.  Records are of two types; 
either electronic or hard copy paper formats depending on whether the record is computer or 
hand generated (some records may be in both formats).  Where identical electronic and hard 
copy documents both exist, the electronic version is the primary record.  Technical records are 
maintained by the QA Department.    

Table 14-1. Record Index1 
 Record Types 1: Retention Time:  

Technical 
Records 

- Raw Data 
- Logbooks2  
- Standards  
- Certificates 
- Analytical Records 
- MDLs/IDLs/DOCs 
- Laboratory Reports 

5 Years from analytical report issue* 
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 Record Types 1: Retention Time:  

Official 
Documents 

- Quality Assurance Manual (QAM) 
- Work Instructions 
- Policies 
- SOPs 
- Policy Memorandums 
- Manuals  

5 Years from document retirement date* 

QA Records - Internal & External Audits/Responses 
- Certifications 
- Corrective/Preventive Actions 
- Management Reviews 
- Method & Software Validation /  
  Verification Data  
- Data Investigation 

5 Years from archival* 
 
 
Data Investigation:  5 years or the life of the 
affected raw data storage whichever is 
greater (beyond 5 years if ongoing project or 
pending investigation) 

Project 
Records 

- Sample Receipt & COC  
  Documentation 
- Contracts and Amendments 
- Correspondence 
- QAPP 
- SAP 
- Telephone Logbooks 
- Laboratory Reports 

5 Years from analytical report issue* 

Finance and Accounting 10 years 
EH&S Manual, Permits 7 years 
Disposal Records Indefinitely 
Employee Handbook Indefinitely 
Personnel files, Employee Signature & 
Initials, Administrative Training Records 
(e.g., Ethics)  

7 Years  (HR Personnel Files must be 
maintained indefinitely)  

Administrative 
Records 

Administrative Policies  
Technical Training Records 

7 years 

1 Record types encompass hardcopy and electronic records. 
2 Examples of Logbook Types:  Maintenance, Instrument Run, Preparation (standard and samples), 

Standard and Reagent Receipt, Archiving, Balance Calibration, Temperature (hardcopy or electronic 
records). 

* Exceptions listed in Table 14-2. 
 

14.1.1 All records are stored and retained in such a way that they are secure and readily 
retrievable at the laboratory facility or an offsite location that provides a suitable environment to 
prevent damage, deterioration, and loss.  All records are protected against fire, theft, loss, 
environmental deterioration, and vermin.  In the case of electronic records, storage media are 
protected from deterioration caused by magnetic fields and/or electronic deterioration.   

Access to the data is limited to laboratory and company employees and shall be documented 
with an access log.  Records archived off-site are stored in a secure location where a record is 
maintained of any entry into the storage facility.  Whether on-site or off-site storage is used, logs 
are maintained in each storage box to note removal and return of records.  Retention of records 
are maintained on-site at the laboratory for at least 1 year after their generation and moved 
offsite for the remainder of the required storage time.  Records are maintained for a minimum of 
five years unless otherwise specified by a client or regulatory requirement or as specified in 
Table 14-2. 
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For raw data and project records, record retention is calculated from the date the project report 
is issued.  For other records, such as controlled documents, QA, or administrative records, the 
retention time is calculated from the date the record is formally retired.  Records related to the 
programs listed in Table 14-2 have lengthier retention requirements and are subject to the 
requirements in Section 14.1.3.  

14.1.2 Programs with Longer Retention Requirements  
Some regulatory programs have longer record retention requirements than the standard record 
retention time.  These are detailed in Table 14-2 with their retention requirements.  In these 
cases, the longer retention requirement is enacted.  If special instructions exist such that client 
data cannot be destroyed prior to notification of the client, the container or box containing that 
data is marked as to whom to contact for authorization prior to destroying the data.   

Table 14-2. Special Record Retention Requirements 
Program 1Retention Requirement 

Drinking Water – All States 5 years (project records) 
10 years – Radiochemistry (project records) 

Drinking  Water Lead and Copper Rule 12 years (project records) 
Commonwealth of MA – All environmental 
data 310 CMR 42.14 

10 years 

FIFRA – 40 CFR Part 160 Retain for life of research or marketing permit 
for pesticides regulated by EPA 

Housing and Urban Development (HUD) 
Environmental Lead Testing 

10 years 

Alaska 10 years 
Louisiana – All 10 years 
Michigan Department of Environmental 
Quality – all environmental data 

10 years 

Navy Facilities Engineering Service Center 
(NFESC) 

10 years 

NY Potable Water NYCRR Part 55-2  10 years 
OH VAP 10 years and State contacted prior to disposal 
TSCA - 40 CFR Part 792 10 years after publication of final test rule or 

negotiated test agreement 
1Note:  Extended retention requirements must be noted with the archive documents or 

addressed in facility-specific records retention procedures. 
 

14.1.3 The laboratory has procedures to protect and back-up records stored electronically 
and to prevent unauthorized access to or amendment of these records.  All analytical data is 
maintained as hard copy or in a secure, readable electronic format.  For analytical reports that 
are maintained as copies in PDF format, see Section 19.14.1 for more information.   

14.1.4 The record keeping system allows for historical reconstruction of all laboratory 
activities that produced the analytical data as well as rapid recovery of historical data (i.e., 
records stored off-site are accessible within 72 hours of the request).  The history of the sample 
from initial laboratory receipt must be readily understood through the documentation (including 
inter-laboratory transfers of samples and/or extracts). 
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• The records include the identities of personnel involved in sampling, sample receipt, 
preparation, and analysis.  All analytical work contains the initials (at a minimum) of the 
personnel involved.  The laboratory’s copy of the chain of custody is stored with the 
project folder and an electronic copy is stored on the server.  The chain of custody 
indicates the name of the sampler.  If any sampling notes are provided with a work 
order, they are kept with this package. 

• All information relating to the laboratory facilities equipment, analytical test methods, and 
related laboratory activities, such as sample receipt, sample preparation, or data 
verification are documented.  The LIMS maintains an audit trail of data verification steps. 

• The record keeping system facilitates the retrieval of all working files and archived 
records for inspection and verification purposes (e.g., a defined format for naming 
electronic files, a defined format for items included with a particular analytical data set).  
At a minimum, a data folder includes: benchsheet, prep sheets (where applicable), 
sample data, and associated QC data.  Analytical data is stored sequentially by date 
analyzed and by department.  Run logs are maintained for each instrument or method.  
A copy of each day’s run long or instrument sequence is stored with the data to aid in 
reconstructing an analytical sequence.  Where an analysis is performed without an 
instrument, bound logbooks or bench sheets are used to record and file data.  Standard 
and reagent information is recorded in logbooks or entered into the LIMS for each 
method as required.  Each folder containing a batch of data is labeled, at a minimum, 
with the date analyzed and the benchsheet or sequence number. 

• Changes to hardcopy records must follow the procedures outlined in Sections 12 and 
19.  Changes to electronic records in LIMS or instrument data are recorded in audit 
trails.  

• The reason for a signature or initials on a document is clearly indicated in the records by 
including phrases such as “Sampled By”, “Prepared By”, “Reviewed By”, or “Analyzed 
By”.   

• All generated data, except those that are generated by automated data collection 
systems, are recorded directly, promptly and legibly in permanent dark ink. 

• Hard copy data may be scanned into PDF format for record storage.  Scanned 
documents are considered the original document and hard copy documents may then be 
destroyed.  Prior to the destruction of any of the hard copy information that was 
scanned, the scanning process must be verified in order to ensure that no data is lost 
and the data files and storage media must be tested to verify the laboratory’s ability to 
retrieve the information.  

• Also refer to Section 19.14.1, Computer and Electronic Data Related Requirements” 

14.2 Technical and Analytical Records  

14.2.1 The laboratory retains records of original observations, derived data, sufficient 
information to establish an audit trail, calibration records, staff records, and a copy of each 
analytical report issued for a minimum of five years unless otherwise specified by a client or 
regulatory requirement or in Table 14-2.  The records for each analysis must contain sufficient 
information to enable the analysis to be repeated under conditions as close as possible to the 
original conditions.  The records must include the identities of laboratory personnel responsible 
for the sample collection, performance of each analysis, and analytical review. 
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14.2.2 Observations, analytical data, and calculations are recorded at the time they are 
made and are identifiable to the specific task. 

14.2.3 Changes to hardcopy records must follow the procedures outlined in Sections 12 and 
19.  Changes to electronic records in LIMS or instrument data are recorded in audit trails. 

The essential information to be associated with analysis, such as strip charts, tabular printouts, 
computer data files, analytical notebooks, and run logs, include: 

• Laboratory sample ID code 

• Date of analysis. (Time of analysis is also required if the holding time is seventy-two (72) 
hours or less, or when time critical steps are included in the analysis (e.g., drying times, 
incubations, etc.).  Instrumental analyses have the date and time of analysis recorded as 
part of their general operations.  Where a time-critical step exists in an analysis, location 
for such a time is included as part of the documentation in a specific logbook or on a 
benchsheet.) 

• Instrumentation identifier and instrument operating conditions/parameters (Operating 
conditions/parameters are recorded in instrument maintenance logs, where available)  

• Analysis type; 

• All manual calculations and manual integrations 

• Analyst's or operator's initials/signature 

• Sample preparation information including cleanup, separation protocols, incubation 
periods, ID codes, volumes, weights, instrument printouts, meter readings, calculations, 
reagents, etc. 

• Test results 

• Standard and reagent origin, receipt, preparation, and use 

• Calibration criteria, frequency, and acceptance criteria 

• Data and statistical calculations, review, confirmation, interpretation, assessment and 
reporting conventions 

• Quality control protocols and assessment 

• Electronic data security, software documentation and verification, software and hardware 
audits, back-ups, and records of any changes to automated data entries 

• Method performance criteria including expected quality control requirements (these are 
indicated both in the LIMS and on specific analytical report formats) 

14.2.4 For the Ohio VAP, TestAmerica Nashville will attest, via affadavit, that data is VAP 
certified only when the analyses are performed within its current certification and both of the 
following conditions must be true. 

• Ohio certification held at the time of analysis must be valid for the analytes, parameter 
groups, and methods utilized 

• Analyses were performed in a manner consistent with SOPs and Quality Assurance 
Program Plan (QAPP) approved by the Ohio EPA 
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Affidavits must accompany either every report or series of reports for an ongoing project. 

14.2.5 All logbooks used during receipt, preparation, storage, analysis, and reporting of 
samples or monitoring of support equipment shall undergo a documented supervisory or peer 
review on a monthly basis. 

14.3 Laboratory Support Activities  

In addition to documenting all the above-mentioned activities, the following are retained QA 
records and project records (previous discussions in this section indicate where and how these 
data are stored): 

• All original raw data, whether hard copy or electronic, for calibrations, samples and 
quality control measures, including analysts’ work sheets and data output records 
(chromatograms, strip charts, and other instrument response readout records) 

• A written description or reference to the specific test method used which includes a 
description of the specific computational steps used to translate parametric observations 
into a reportable analytical value 

• Copies of final reports 

• Archived SOPs 

• Correspondence relating to laboratory activities for a specific project 

• All corrective action reports, audits and audit responses 

• Proficiency test results and raw data 

• Results of data review, verification, and crosschecking procedures 

14.3.1 Sample Handling Records 

Records of all procedures to which a sample is subjected while in the possession of the 
laboratory are maintained.  These include, but are not limited to records pertaining to: 

• Sample preservation (including appropriateness of sample container and compliance 
with holding time requirement)   

• Sample identification, receipt, acceptance or rejection, and login 

• Sample storage and tracking (including shipping receipts, sample transmittal / COC 
forms) 

• Procedures for the receipt and retention of samples (including all provisions necessary 
to protect the integrity of samples) 

14.4 Administrative Records  

The laboratory also maintains the administrative records in either electronic or hard copy form. 
See Table 14-1. 

14.5 Records Management, Storage, and Disposal  

All records (including those pertaining to test equipment), certificates, and reports are safely 
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stored and held secure and in confidence to the client.  Certification related records are 
available upon request. 

All information necessary for the historical reconstruction of data is maintained by the 
laboratory.  Records that are stored only on electronic media must be supported by the 
hardware and software necessary for their retrieval.  

Records that are stored or generated by computers (including personal computers) have hard 
copy, write-protected back-up copies, or an electronic audit trail controlling access.  Personnel 
must access and use P: and L: drives and the OASIS intranet site. 

TestAmerica Nashville has a record management system (a.k.a document control) for control of 
laboratory notebooks, instrument logbooks, and standards logbooks as well as records for data 
reduction, validation, storage, and reporting.  Laboratory notebooks are issued on a per 
instrument basis and are numbered sequentially within a given analysis.  No instrument has 
more than one active notebook at a time, so all data are recorded sequentially within a series of 
notebooks.  Bench sheets are filed sequentially in folders.  Standards preparation information is 
maintained in the LIMS; therefore, logbooks are not used to record standards preparation data.  

14.5.1 Transfer of Ownership  
In the event that the laboratory transfers ownership or goes out of business, TestAmerica 
Nashville must ensure that the records are maintained or transferred according to client’s 
instructions.  Upon ownership transfer, record retention requirements must be addressed in the 
ownership transfer agreement where the responsibility for maintaining archives will be clearly 
established.  In case of bankruptcy, appropriate regulatory and state legal requirements 
concerning laboratory records will be followed.  In the event of the closure of the laboratory, all 
records will revert to the control of the corporate headquarters.  If the entire company ceases to 
exist, as much notice as possible must be given to clients and the accrediting bodies who have 
worked with the laboratory during the previous 5 years. 

14.5.2 Records Disposal  
Records may be removed from the archive and destroyed after 5 years unless otherwise 
specified by a client or regulatory requirement (as noted in Tables 14-1 and 14-2).  On a project 
specific or program basis, clients may need to be notified prior to record destruction.  Records 
are destroyed in a manner that ensures their confidentiality such as shredding, mutilation, or 
incineration.  

Electronic copies of records must be destroyed by erasure or physically damaging off-line 
storage media so no records can be read. 

If a third party company is hired to dispose of records, a “Certificate of Destruction” will be 
required.  
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SECTION 15. AUDITS 

15.1 Internal Audits  

Internal audits are performed to verify that laboratory operations comply with the requirements 
of the laboratory’s quality system and with the external quality programs under which the 
laboratory operates.  Audits are planned and organized by the QA staff.  Personnel conducting 
the audits should be independent of the area being evaluated.  Auditors have the sufficient 
authority, access to work areas, and organizational freedom necessary to observe all activities 
affecting quality, to report the assessments to laboratory management, and when requested to 
corporate management. 

Audits are conducted and documented as described in the TestAmerica Corporate SOP on 
performing Internal Auditing, SOP No. CW-Q-S-003.  The types and frequency of routine 
internal audits are described in Table 15-1.  Special or ad hoc assessments may be conducted 
as needed under the direction of the QA staff. 

Table 15-1.   Types of Internal Audits and Frequency  
 

Description Performed by Frequency 

Quality Systems Audits QA Department, QA –
approved designee, or 
Corporate QA 

All areas of the laboratory annually 

QA Technical Audits Joint responsibility: 
a) QA Manager or 

designee  
b) Technical Manager 

or Designee 
(Refer to CW-Q-S-003) 

Technical Audits Frequency: 
50% of methods annually 

SOP Method Compliance Joint responsibility: 
c) QA Manager or 

designee  
d) Technical Manager 

or Designee 
(Refer to CW-Q-S-003) 

SOP Compliance Review Frequency: 
Every 2 years 
(Annualy for Drinking Water methods) 

Special QA Department or 
Designee 

Surveillance or spot checks performed 
as needed (e.g., to confirm corrective 
actions from other audits) 

Performance Testing Analysts with QA 
oversight 

Two successful per year for each TNI 
field of testing or as dictated by 
regulatory requirements 

 

15.1.1 Annual Quality Systems Audit  

An annual quality systems audit is required to ensure compliance to analytical methods and 
SOPs, TestAmerica’s Data Integrity and Ethics Policies, NELAP quality systems, ISO 17025, 
A2LA, client, and state requirements, and the effectiveness of the internal controls of the 
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analytical process including but not limited to data review, quality controls, preventive action, 
and corrective action.  The completeness of earlier corrective actions is assessed for 
effectiveness and sustainability.  The audit is divided into sections for each operating or support 
area of the lab, and each section is comprehensive for a given area.  The area audits may be 
performed on a rotating schedule throughout the year to ensure adequate coverage of all areas.  
This schedule may change as situations in the laboratory warrant.  

15.1.2 QA Technical Audits  

QA technical audits are based on client projects, associated sample delivery groups, and the 
methods performed.  Reported results are compared to raw data to verify the authenticity of 
results.  The validity of calibrations and QC results are compared to data qualifiers, footnotes, 
and case narratives.  Documentation is assessed by examining run logs and records of manual 
integrations.  Manual calculations are checked.  Where possible, electronic audit miner 
programs (e.g., MintMiner, Chrom Auditminer) is used to identify unusual manipulations of the 
data deserving closer scrutiny.  QA technical audits must include all methods within a two-year 
period. 

15.1.3 SOP Method Compliance  

Compliance of all SOPs with the source methods and compliance of the operational groups with 
the SOPs must be assessed by the Technical Director and QA department at least every two 
years.  The work of each newly hired analyst is assessed within 3 months of working 
independently, (e.g., completion of method IDOC).  As analysts add methods to their 
capabilities, reviews of the analyst work products must be performed within 3 months of 
completing the documented training (i.e., new IDOCs).     

15.1.4 Special Audits  

Special audits are conducted on an as needed basis, generally as a follow up to specific issues 
such as client complaints, corrective actions, PT results, data audits, system audits, validation 
comments, regulatory audits, or suspected ethical improprieties.  Special audits are focused on 
a specific issue and their report formats, distribution lists, and timeframes are designed to 
address the nature of the issue. 

15.1.5 Performance Testing  

The laboratory participates semi-annually in performance audits conducted through the analysis 
of PT samples provided by a third party.  The laboratory generally participates in the following 
types of PT studies: drinking water, nonpotable water, and soil. 

It is TestAmerica’s policy that PT samples be treated as typical samples in the production 
process.  Furthermore, where PT samples present special or unique problems in the regular 
production process, they may need to be treated differently, as would any special or unique 
request submitted by any client.  The QA Manager must be consulted and in agreement with 
any decisions made to treat a PT sample differently due to some special circumstance.   

Written responses to unacceptable PT results are required.  In some cases it may be necessary 
for blind QC samples to be submitted to the laboratory to show a return to control.  
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15.2 External Audits  

External audits are performed when certifying agencies or clients conduct on-site inspections or 
submit performance testing samples for analysis.  It is TestAmerica’s policy to cooperate fully 
with regulatory authorities and clients.  The laboratory makes every effort to provide the auditors 
with access to personnel, documentation, and assistance.  Laboratory Department Managers 
and Technical Director are responsible for providing corrective actions to the QA Manager who 
coordinates the response for any deficiencies discovered during an external audit.  Audit 
responses are due in the time allotted by the client or agency performing the audit.  When 
requested, a copy of the audit report and the laboratory’s corrective action plan will be 
forwarded to Corporate Quality. 

The laboratory cooperates with clients and their representatives to monitor the laboratory’s 
performance in relation to work performed for the client.  The client may only view data and 
systems related directly to the client’s work.  All efforts are made to keep other client information 
confidential.   

15.2.1 Confidential Business Information (CBI) Considerations  

During on-site audits, auditors may come into possession of information claimed as business 
confidential.  Upon entry into the TestAmerica Nashville laboratory, auditors sign in using a 
document that includes a confidentiality clause.  A business confidentiality claim is defined as “a 
claim or allegation that business information is entitled to confidential treatment for reasons of 
business confidentiality or a request for a determination that such information is entitled to such 
treatment.”  When information is claimed as business confidential, the laboratory must place on 
(or attach to) the information at the time it is submitted to the auditor, a cover sheet, stamped or 
typed legend or other suitable form of notice, employing language such as “trade secret”, 
“proprietary” or “company confidential”.  Confidential portions of documents otherwise non-
confidential must be clearly identified.  CBI may be purged of references to client identity by the 
responsible laboratory official at the time of removal from the laboratory.  However, sample 
identifiers must not be obscured from the information.  Additional information regarding CBI can 
be found in within the 2009 TNI standards.  

15.3 AUDIT FINDINGS 

Audit findings are documented using the corrective action process and database.  The 
laboratory’s corrective action responses for both types of audits (internal and external) are 
completed within a predetermined timeframe.  When the corrective action has not yet been 
completed within that predefined response timeframe, a completion date must set and agreed to 
by operations management and the QA Manager.  

Developing and implementing corrective actions to findings is the responsibility of the 
Department Manager where the finding originated.  Findings that are not corrected by specified 
due dates are reported monthly to management in the QA monthly report.  When requested, a 
copy of the audit report and the laboratory’s corrective action plan are forwarded to Corporate 
Quality.  

If any audit finding casts doubt on the effectiveness of the operations or on the correctness or 
validity of the laboratory’s test results, the laboratory must take timely corrective action and must 
notify clients in writing if the investigations show that the laboratory results have been affected.  
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Once corrective action is implemented, a follow-up audit is scheduled to ensure that the 
problem has been corrected. 

Clients must be notified promptly in writing of any event such as the identification of defective 
measuring or test equipment that casts doubt on the validity of results given in any test report or 
amendment to a test report.  The investigation must begin within 24-hours of discovery of the 
problem and all efforts must be made to notify the client within two weeks after the completion of 
the investigation.  

 

SECTION 16. MANAGEMENT REVIEWS   

16.1 Quality Assurance Report  

A comprehensive QA Report is prepared each month by the laboratory’s QA Department and 
forwarded to the Laboratory Director, Technical Managers, their Quality Director, as well as the 
VP of Operations.  All aspects of the QA system are reviewed to evaluate the suitability of policies 
and procedures.  During the course of the year, the Laboratory Director, VP of Operations, or 
Corporate QA may request that additional information be added to the report. 

On a monthly basis, Corporate QA compiles information from all the monthly laboratory reports. 
The Corporate Quality Directors prepare a report that includes a compilation of all metrics and 
notable information and concerns regarding the QA programs within the laboratories.  The 
report also includes a listing of new regulations that may potentially impact the laboratories.  
This report is presented to the Senior Management Team and VPs of Operations. 

16.2 Annual Management Review  

The senior laboratory management team (Laboratory Director, Technical Managers, Manager of 
Project Management, QA Manager, and Operations Managers) conducts an annual review of its 
quality systems and LIMS to ensure its continuing suitability and effectiveness in meeting client 
and regulatory requirements and to introduce any necessary changes or improvements.  It also 
provides a platform for defining goals, objectives, and action items that feed into the laboratory 
planning system.  Corporate Operations and Corporate QA personnel may be included in this 
meeting at the discretion of the Laboratory Director.  The LIMS review consists of examining 
any audits, complaints, or concerns that have been raised through the year that are related to 
the LIMS.  The laboratory will summarize any critical findings that cannot be solved by 
laboratory personnel and report them to Corporate IT. 

This management systems review (Corporate SOP CW-Q-S-004 & Work Instruction No. CW-Q-
WI-003) uses information generated during the preceding year to assess the “big picture” by 
ensuring that routine actions taken and reviewed on a monthly basis are not components of 
larger systematic concerns.  The monthly review keeps the quality systems current and 
effective; therefore, the annual review is a formal senior management process to review specific 
existing documentation.  Significant issues from the following documentation are compiled or 
summarized by the QA Manager prior to the review meeting:  

• Matters arising from the previous annual review 

• Prior Monthly QA Reports issues 
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• Laboratory QA Metrics 

• Review of report reissue requests 

• Review of client feedback and complaints 

• Issues arising from any prior management or staff meetings 

• Minutes from prior laboratory senior management meetings - Issues that may be raised 
from these meetings include:  

o Adequacy of staff, equipment and facility resources 

o Adequacy of policies and procedures 

o Future plans for resources and testing capability and capacity 

• Compliance to the Ethics Policy and Data Integrity Plan, including any 
evidence/incidents of inappropriate actions or vulnerabilities related to data integrity. 

A report is generated by the QA Manager and management.  The report is distributed to the 
appropriate General Manager and Corporate Quality Director.  The report includes, but is not 
limited to: 

• The date of the review and the names and titles of participants 

• A reference to the existing data quality related documents and topics that were reviewed 

• Quality system or operational changes or improvements that will be made as a result of 
the review (e.g., an implementation schedule including assigned responsibilities for the 
changes [Action Table]) 

Changes to the quality systems requiring update to the laboratory QA Manual shall be included 
in the next revision of the QA Manual. 

16.3 Potential Integrity-Related Managerial Reviews  

Potential integrity issues (data or business related) must be handled and reviewed in a 
confidential manner until such time as a follow-up evaluation, full investigation, or other 
appropriate actions have been completed and issues clarified.  TestAmerica’s Corporate Data 
Investigation/ Recall SOP must be followed (SOP No. CW-L-S-002).  All investigations that 
result in finding of inappropriate activity are documented and include any disciplinary actions 
involved, corrective actions taken, and all appropriate notifications of clients.   

TestAmerica’s CEO, Executive VP of Operations, VP of Client and Technical Services, VP of 
Operations, and Quality Directors receive a monthly report compiled from the Corporate Quality 
and EHS Director summarizing any current data integrity or data recall investigations.  The VPs 
of Operations are also made aware of progress on these issues for their specific labs. 
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SECTION 17. PERSONNEL 

17.1 Overview  

The laboratory’s management believes that its highly qualified and professional staff is the 
single most important aspect in assuring a high level of data quality and service.  The staff 
consists of professionals and support personnel as outlined in the organization chart in Figure 4-
1 (subject to change).  

All personnel must demonstrate competence in the areas where they have responsibility.  Any 
staff member that is undergoing training must have appropriate supervision until they have 
demonstrated their ability to perform their job function on their own.  Staff shall be qualified for 
their tasks based on appropriate education, training, experience, and/or demonstrated skills as 
required. 

The laboratory employs sufficient personnel with the necessary education, training, technical 
knowledge, and experience for their assigned responsibilities. 

All personnel are responsible for complying with all requirements that pertain to the laboratory 
and their area of responsibility.  Each staff member must have a combination of experience and 
education to adequately demonstrate a specific knowledge of their particular area of 
responsibility.  Technical staff must also have a general knowledge of laboratory operations, test 
methods, QA/QC procedures, and records management.  

Laboratory management is responsible for formulating goals for laboratory staff with respect to 
education, training, and skills as well as ensuring that the laboratory has policies and 
procedures for identifying training needs and providing training of personnel.  The training must 
be relevant to the present and anticipated responsibilities of the laboratory staff.   

The laboratory only uses personnel that are employed by or under contract to the laboratory.  
Contracted personnel, when used, must meet competency standards of the laboratory and work 
in accordance to the laboratory’s quality system. 

17.2 Education and Experience Requirements for Technical Personnel  

The laboratory makes every effort to hire analytical staff that possesses a college degree (AA, 
BA, BS) in an applied science with some chemistry in the curriculum.  Exceptions can be made 
based upon the individual’s experience and ability to learn.  Experience and specialized training 
are occasionally accepted in lieu of a college degree (basic laboratory skills such as using a 
balance, etc. are also considered).  For any analysis, thorough training and working with 
another experienced staff member until proficiency has been demonstrated is required. 

Selection of qualified candidates for laboratory employment begins with documentation of 
minimum education, training, and experience prerequisites needed to perform the prescribed 
task.  Minimum education and training requirements for TestAmerica employees are outlined in 
job descriptions and are generally summarized for analytical staff in the table below.   

The laboratory maintains job descriptions for all personnel who manage, perform, or verify work 
affecting the quality of the environmental testing the laboratory performs.  Job descriptions are 
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located on the TestAmerica intranet site’s Human Resources web-page (also see Section 4 for 
position descriptions/responsibilities). 

Table 17-1. Education/Experience Requirements 

Specialty Education Experience 

Extractions, Digestions, some 
electrode methods (pH, DO, Redox, 
etc.), or Titrimetric and Gravimetric 
Analyses 

H.S. Diploma On the job training (OJT) 

CVAA, Single component, or short list 
Chromatography (e.g., Fuels, BTEX-
GC, IC 

A college degree in an applied 
science or 2 years of college 
and at least 1 year of college 
chemistry  

Or 2 years prior 
analytical experience is 
required  

ICP, ICPMS, Long List or complex 
chromatography (e.g., Pesticides, 
PCB, Herbicides, HPLC, etc.), GCMS  

A college degree in an applied 
science or 2 years of college 
applied sciences 

Or 5 years of prior 
analytical experience 

Spectra Interpretation A college degree in an applied 
science or 2 years of college 
applied sciences 

And 2 years relevant 
experience 
Or 
5 years of prior 
analytical experience 

Operations Managers/Department 
Managers /Supervisors 

Bachelor’s Degree in an 
applied science or engineering  
An advanced (MS, PhD.) 
degree may substitute for one 
year of experience 

And two years 
experience in 
environmental analysis 
of representative 
analytes for which they 
will oversee 

Laboratory Director Bachelor’s Degree in science 
or a minor in chemistry 

Or 10 years experience 
in the environmental 
laboratory industry 

Quality Assurance Manager  Bachelor’s degree in a basic or 
applied science and 1 year 
nonacademic analytical 
chemistry; Training in statistics 
or quality control procedures. 

Or 4 years nonacademic 
analytical chemistry 
experience. 

Technical Director Bachelor’s degree in basic or 
applied science or engineering 
and at least 24 college 
semester credit hours in 
chemistry  

At least two years 
experience in 
environmental analysis; 
masters or doctoral 
degree may substitute 
for one year experience. 

 

Analysts-in-training perform tasks under the direct supervision of a qualified analyst or 
Department Manager/Supervisor.  The person supervising an analyst-in-training is accountable 
for the quality of the analytical data.  The trainer must review and approve the trainee’s data and 
any associated corrective actions. 
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17.3 Training  

The laboratory is committed to furthering the professional and technical development of 
employees at all levels. 

Orientation to the laboratory’s policies and procedures, in-house method training, and employee 
attendance at outside training courses and conferences all contribute toward employee 
proficiency.  Below are examples of various areas of required employee training:  

Table 17-2. Training Requirements 

Required Training Time Frame* Employee Type 

Environmental Health & Safety Prior to laboratory 
work 

All 

Ethics – New Hires 1 week of hire All 
Ethics - Comprehensive 
 

90 days of hire All  
 

Data Integrity  
 

30 days of hire 
 

Technical and PMs 
 

Quality Assurance 90 days of hire All 
Ethics – Comprehensive 
Refresher 

Annually All 

Initial Demonstration of 
Capability (DOC) 

Prior to unsupervised 
method performance 

Technical 

 

The laboratory maintains records of relevant authorization/competence, education, professional 
qualifications, training, skills, and experience of technical personnel (including contracted 
personnel) as well as the date that approval/authorization was given.  These records are kept 
on file at the laboratory.  Also refer to Demonstration of Capability in Section 19.4.2.   

The training of technical staff is kept up to date by: 

• Each employee must have documentation in their training file that they have read, 
understood, and agreed to follow the most recent version of the laboratory QA Manual 
and SOPs in their area of responsibility.  This documentation is updated as SOPs are 
updated.   

• Documentation from any training courses or workshops on specific equipment, analytical 
techniques or other relevant topics is maintained in their training file. 

• Documentation of proficiency (refer to Section 19). 

• An Ethics Agreement signed by each staff member (renewed each year) and evidence 
of annual ethics training. 

• A Confidentiality Agreement signed by each staff member signed at the time of 
employment. 

• Human Resources maintains documentation and attestation forms on employment 
status and records; benefit programs; timekeeping/payroll; and employee conduct (e.g., 
ethics).  This information is maintained in the employee’s secured personnel file. 
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Evidence of successful training could include such items as: 

• Adequate documentation of training within operational areas, including one-on-one 
technical training for individual technologies, and particularly for people cross-trained. 

• Analyst’s knowledge to refer to QA Manual for quality issues. 

• Analyst following SOPs, i.e., practice matches SOPs.  

• Analysts regularly communicate to supervisors and QA if SOPs need revision, rather 
than waiting for auditors to find problems. 

• Analyst successfully analyzes a PT sample. 

Further details of the laboratory's training program are described in the SOP Training 
Procedures for Environmental Technical Staff / NV08-199. 

17.4 Data Integrity and Ethics Training Program  

Establishing and maintaining a high ethical standard is an important element of a Quality 
System.  Ethics and data integrity training is integral to the success of TestAmerica and is 
provided for each employee at TestAmerica.  It is a formal part of the initial employee orientation 
within 1 week of hire followed by technical data integrity training within 30 days, comprehensive 
training within 90 days, and an annual refresher for all employees.  Senior management at each 
facility performs the ethics training for their staff. 

In order to ensure that all personnel understand the importance TestAmerica places on 
maintaining high ethical standards at all times, TestAmerica has established an Ethics Policy 
(Policy No. CW-L-P-004) and an Ethics Statement.  All initial and annual training is documented 
by signature on the signed Ethics Statement demonstrating that the employee has participated 
in the training and understands their obligations related to ethical behavior and data integrity. 

Violations of this Ethics Policy are not tolerated.  Employees who violate this policy are subject 
to disciplinary actions up to and including termination.  Criminal violations may also be referred 
to the Government for prosecution.  In addition, such actions could jeopardize TestAmerica's 
ability to do work on Government contracts, and for that reason, TestAmerica has a Zero 
Tolerance approach to such violations. 

Employees are trained as to the legal and environmental repercussions that result from data 
misrepresentation.  Key topics covered in the presentation include:  

• Organizational mission and its relationship to the critical need for honesty and full 
disclosure in all analytical reporting 

• Ethics Policy 

• How and when to report ethical/data integrity issues including confidential/anonymous 
reporting 

• Record keeping 

• Discussion regarding data integrity procedures 
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• Specific examples of breaches of ethical behavior (e.g., peak shaving, altering data or 
computer clocks, improper macros, etc., accepting/offering kickbacks, illegal accounting 
practices, unfair competition/collusion) 

• Internal monitoring. investigations, and data recalls 

• Consequences for infractions including potential for immediate termination or criminal 
prosecution 

• Importance of proper written narration / data qualification by the analyst and project 
manager with respect to those cases where the data may still be usable but are, in one 
sense or another, partially deficient 

Additionally, a data integrity hotline (1-800-736-9407) is maintained by TestAmerica and 
administered by the Corporate Quality Department.  

 

SECTION 18. ACCOMMODATIONS AND ENVIRONMENTAL CONDITIONS 

18.1 Overview  

TestAmerica Nashville is an approximately 50,000 ft2, secure, laboratory facility with controlled 
access, designed to accommodate an efficient workflow and to provide a safe and comfortable 
work environment for employees.  All visitors must sign in and are escorted by laboratory 
personnel.  Access is controlled by various measures.   

The laboratory is equipped with structural safety features.  Each employee is familiar with the 
location, use, and capabilities of general and specialized safety features associated with their 
workplace.  The laboratory provides and requires the use of protective equipment, including 
safety glasses, protective clothing, gloves, etc.  OSHA and other regulatory agency guidelines 
regarding required amounts of bench and fume hood space, lighting, ventilation (temperature 
and humidity controlled), access, and safety equipment are met or exceeded.  

Traffic flow through sample preparation and analysis areas is minimized to reduce the likelihood 
of contamination.  Adequate floor space and bench top area is provided to allow unencumbered 
sample preparation and analysis space.  Sufficient space is also provided for storage of 
reagents and media, glassware, and portable equipment.  Ample space is also provided for 
refrigerated sample storage before analysis and archival storage of samples after analysis.  
Laboratory HVAC and deionized water systems are designed to minimize potential trace 
contaminants.  

The laboratory is separated into specific areas for sample receiving, sample preparation, volatile 
organic sample analysis, non-volatile organic sample analysis, inorganic sample analysis, and 
administrative functions. 

18.2 Environment  

Laboratory accommodation, test areas, energy sources, and lighting are adequate to facilitate 
proper performance of tests.  The facility is equipped with heating, ventilation, and air 
conditioning (HVAC) systems appropriate to the needs of environmental testing performed at 
this laboratory. 
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The environment in which these activities are undertaken does not invalidate the results or 
adversely affect the required accuracy of any measurements. 

The laboratory provides for the effective monitoring, control, and recording of environmental 
conditions that may affect the results of environmental tests as required by the relevant 
specifications, methods, and procedures.  Such environmental conditions include humidity, 
voltage, and temperature in the laboratory. 

When any of the method- or regulatory-required environmental conditions change such that they 
may adversely affect test results, analytical testing is discontinued until the environmental 
conditions are returned to the required levels. 

Environmental conditions of the facility housing the computer network and LIMS are regulated to 
protect against raw data loss. 

18.3 Work Areas  

There is effective separation between neighboring areas when the activities therein are 
incompatible with each other.  For example, volatile organic chemical handling areas, including 
sample preparation and waste disposal, are separated from volatile organic chemical analysis 
areas. 

Access to and use of all areas affecting the quality of analytical testing is defined and controlled 
by secure access to the laboratory building as described below in the Building Security section. 

Adequate measures are taken to ensure good housekeeping in the laboratory and to ensure 
that any contamination does not adversely affect data quality.  These measures include regular 
cleaning to control dirt and dust within the laboratory.  

Work areas are available to ensure an unencumbered work area.  Work areas include: 

• Access and entryways to the laboratory 

• Sample receipt areas 

• Sample storage areas 

• Chemical and waste storage areas 

• Data handling and storage areas 

• Sample processing areas 

• Sample analysis areas 

18.4 Floor Plan  

A floor plan can be found in Appendix 1.  

18.5 Building Security  

Building keys are distributed to employees as necessary.  All doors have automatic closures 
which lock when closed, except the two main entrances which are locked at 5:30 p.m. each 
business day. 
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Visitors to the laboratory sign in and out in a visitors’ logbook.  A visitor is defined as any person 
who visits the laboratory who is not an employee of TestAmerica Nashville.  The visitors’ 
logbook is used to ensure that everyone gets out of the building safely in case of emergency.  
The visitor is provided with a “Visitor” identification card to wear while in the laboratory.  The 
Environmental Health and Safety Manual contains requirements for visitors and vendors 
including the specific safety forms that must be reviewed and signed.  

Visitors (with the exception of company employees) are escorted by laboratory personnel at all 
times or the location of the visitor is noted in the visitors’ logbook.  Visitors sign a document that 
includes a requirement to treat all observations in a confidential manner. 

 

SECTION 19. TEST METHODS AND METHOD VALIDATION 

19.1 Overview  
TestAmerica Nashville uses methods that are appropriate to meet our clients’ requirements and 
that are within the scope of the laboratory’s capabilities.  These include sampling, handling, 
transport, storage and preparation of samples, and, where appropriate, an estimation of the 
measurement of uncertainty as well as statistical techniques for analysis of environmental data. 

Instructions are available in the laboratory for the operation of equipment as well as for the 
handling and preparation of samples.  All instructions, Standard Operating Procedures (SOPs), 
reference methods, and manuals relevant to the working of the laboratory are readily available to 
all staff.  Deviations from published methods are documented (with justification) in the laboratory’s 
approved SOPs.  SOPs are submitted to clients for review at their request.  Significant deviations 
from published methods require client approval and regulatory approval where applicable.   

19.2 Standard Operating Procedures (SOPS)  

TestAmerica Nashville maintains SOPs that accurately reflect all phases of the work performed 
by laboratory personnel such as assessing data integrity, corrective actions, and handling 
customer complaints as well as all analytical methods and sampling procedures.  The method 
SOPs are derived from the most recently promulgated/approved/published methods and are 
specifically adapted to the TestAmerica Nashville.  Modifications or clarifications to published 
methods are clearly noted in the SOPs.  All SOPs used by laboratory personnel are controlled 
copies : 

• All SOPs contain a revision number, effective date, and appropriate approval signatures.  
Controlled copies are available to all staff. 

• Procedures for SOP preparation, review, revision and control are incorporated by 
reference to SOPs: CW-Q-S-002 (Writing a Standard Operating Procedure (SOP)) and 
SOP Document Control / NV08-152.   

• SOPs are reviewed at a minimum of every two years (annually for Drinking Water 
SOPs), and where necessary, revised to ensure continuing suitability and compliance 
with applicable requirements.  
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19.3 Laboratory Methods Manual  

For each test method, the laboratory has available the published, referenced method as well as 
the laboratory-developed SOP.   

Note: If more stringent standards or requirements are included in a mandated test method 
or regulation than those specified in this manual, the laboratory demonstrates that such 
requirements are met.  If it is not clear which requirements are more stringent, the standard from 
the method or regulation is to be followed.  Any exceptions or deviations from the referenced 
methods or regulations are noted in the specific analytical SOP.  

The laboratory maintains an SOP Index for both technical and non-technical SOPs.  Technical 
SOPs are maintained to describe a specific test method.  Non-technical SOPs are maintained to 
describe functions and processes not related to a specific test method. 

19.4 Selection of Methods  

Since numerous methods and analytical techniques are available, continued communication 
between the client and laboratory is imperative to assure the correct methods are utilized.  Once 
client methodology requirements are established, they (and other pertinent information) are 
summarized by the Project Manager.  These mechanisms ensure that the proper analytical 
methods are applied when the samples arrive for log-in.  For non-routine analytical services 
(e.g., special matrices, non-routine compound lists, etc.), the method of choice is selected 
based on client needs and available technology.  The methods selected must be capable of 
measuring the specific parameter of interest, in the concentration range of interest, and with the 
required precision and accuracy. 

19.4.1 Sources of Methods  
Routine analytical services are performed using standard EPA-approved methodology.  In some 
cases, modification of standard approved methods may be necessary to provide accurate 
analyses of particularly complex matrices.  When the use of specific methods for sample 
analysis is mandated through project or regulatory requirements, only those methods are used.   

When clients do not specify the method to be used or specific methods are not required, the 
methods used must be clearly validated and documented in an SOP and available to clients 
and/or the end user of the data. 

The analytical methods used by the laboratory are those currently accepted and approved by 
the U. S. EPA and the state or territory from which the samples were collected.  Reference 
methods include:  

• HASL-300 28th Edition, Environmental Measurements Laboratory (EML), 1997. 

• Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient 
Air, US EPA, January 1996. 

• Guidelines Establishing Test Procedures for the Analysis of Pollutants Under the Clean 
Water Act, and Appendix A-C; 40 CFR Part 136, USEPA Office of Water. Revised as of 
July 1, 1995, Appendix A to Part 136 - Methods for Organic Chemical Analysis of 
Municipal and Industrial Wastewater (EPA 600 Series) 

• Methods for Chemical Analysis of Water and Wastes, EPA 600 (4-79-020), 1983. 
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• Methods for the Determination of Inorganic Substances in Environmental Samples, EPA-
600/R-93/100, August 1993. 

• Methods for the Determination of Metals in Environmental Samples, EPA/600/4-91/010, 
June 1991. Supplement I: EPA-600/R-94/111, May 1994. 

• Methods for the Determination of Organic Compounds in Drinking Water, EPA-600/4-88-
039, December 1988, Revised, July 1991, Supplement I, EPA-600-4-90-020, July 1990, 
Supplement II, EPA-600/R-92-129, August 1992. Supplement III EPA/600/R-95/131 - 
August 1995 (EPA 500 Series) (EPA 500 Series methods) 

• Technical Notes on Drinking Water Methods, EPA-600/R94-173, October 1994 

• NIOSH Manual of Analytical Methods, 4th ed., August 1994. 

• Statement of Work for Inorganics & Organics Analysis, SOM and ISM, current versions, 
USEPA Contract Laboratory Program Multi-media, Multi-concentration 

• Standard Methods for the Examination of Water and Wastewater, various editions /on-
line edition; Eaton, A.D. Clesceri, L.S. Greenberg, A.E. Eds; American Water Works 
Association, Water Pollution Control Federation, American Public Health Association: 
Washington, D.C. 

• Test Methods for Evaluating Solid Waste Physical/Chemical Methods (SW846), Third 
Edition, September 1986; Final Update I, July 1992; Final Update IIA, August 1993; Final 
Update II, September 1994; Final Update IIB, January 1995; Final Update III, December 
1996; Final Update IIIB, June 2005; and Final Update IV, January 2008, including New 
Methods on-line. 

• Annual Book of ASTM Standards, American Society for Testing & Materials (ASTM), 
Philadelphia, PA. 

• Manual for the Certification of Laboratories Analyzing Drinking Water (EPA 815-R-05-
004, January 2005) 

• Code of Federal Regulations (CFR) 40, Parts 136, 141, 172, 173, 178, 179 and 261. 

The laboratory reviews updated versions to all the aforementioned references for adaptation 
based upon capabilities, instrumentation, etc., and implements them as appropriate.  As such, 
the laboratory strives to perform the latest versions of each approved method as regulations 
allow or require.  See controlled document QAF-132 (Method Capabilities) for a complete listing 
of methods currently used at TestAmerica Nashville. 

Other reference procedures for non-routine analyses may include methods established by 
specific states (e.g., Underground Storage Tank methods), ASTM, or equipment manufacturers.  
Sample type, source, and the governing regulatory agency requiring the analysis determines the 
method utilized. 

The laboratory must inform the client when a method proposed by the client may be 
inappropriate or out of date.  After the client has been informed, and they wish to proceed 
contrary to the laboratory’s recommendation, it must be documented.   
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19.4.2 Demonstration of Capability  

Before the laboratory may institute a new method and begin reporting results, it must be 
confirmed that the method can be performed properly.  In general, this demonstration does not 
test the performance of the method in real world samples, but in an applicable and available 
clean matrix sample.  If the method is for the testing of analytes that are not conducive to 
spiking, demonstration of capability may be performed on quality control samples. 

A demonstration of capability (see SOP Training Procedure for Environmental Technical Staff / 
NV08-199) is performed whenever there is a change in instrument type, matrix, method, or 
personnel (e.g., analyst has not performed the test within the last 12 months).  A Demonstration 
of Capability is also performed when an instrument (new or used) is moved into a department 
and brought online for the first time in that analytical department. 

Note: The laboratory shall have a DOC for all analytes included in the methods that the 
laboratory performs, and proficiency DOCs for each analyst shall include all analytes that the 
laboratory routinely performs.  Addition of non-routine analytes does not require new DOCs for 
all analysts if those analysts are already qualified for routine analytes tested using identical 
chemistry and instrument conditions. 

The initial demonstration of capability must be thoroughly documented and approved by the 
Technical Director and QA Manager prior to independently analyzing client samples.  All 
associated documentation must be retained in accordance with the laboratory’s archiving 
procedures.   

The laboratory must have an approved SOP, demonstrate satisfactory performance, and 
conduct a method detection limit study (when applicable).  There may be other requirements as 
stated within the published method or regulations (i.e., retention time window study) (see SOP 
Procedure for Method Start- Up or Modification / NV08-203). 

Note: In some instances, a situation may arise in which a client requests that an unusual 
analyte be reported using a method where this analyte is not normally reported.  If the analyte is 
being reported for regulatory purposes, the method must meet all procedures outlined within this 
QA Manual (SOP, MDL, and Demonstration of Capability).  If the client states that the 
information is not for regulatory purposes, the result may be reported as long as the following 
criteria are met: 

• The instrument must be calibrated for the unusual analyte using the method criteria and 
ICV/CCV criteria for the method (unless an ICV/CCV is not required by the method or 
criteria are per project specifications). 

• The laboratory’s nominal or default reporting limit (RL) must be at or above the lowest 
non-zero standard in the calibration curve and must be reliably determined.  Project RLs 
(determined during Work Request Review, see Section 7) are client specified reporting 
limits which may be higher than the laboratory’s RL.  Results reported below the RL 
must be qualified as estimated values (i.e., “J” flagged).  Also see Section 19.6.1.3, 
Relationship of Method Detection Limit (MDL) to Reporting Limit (RL).   

• The client request must be documented and the laboratory must inform the client of its 
procedure for working with unusual compounds. The final report must be footnoted: 
Reporting Limit based on the low standard of the calibration curve. 
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• Refer to Section 11 (Control of Non-Conforming Work). 

19.4.3 Initial Demonstration of Capability (IDOC) Procedures  

19.4.3.1 The spiking standard used must be prepared independently from those used in 
instrument calibration (i.e., a second source). 

19.4.3.2 The analyte(s) are diluted in a volume of clean matrix sufficient to prepare four 
aliquots at the concentration specified by a method or the laboratory SOP or if unspecified to a 
concentration 1-4 times the laboratory RL.  

19.4.3.3 At least four aliquots are prepared (including any applicable clean-up procedures) and 
analyzed according to the test method (either concurrently or over a period of days).  Note:  
Results of successive LCS analyses can be used to fulfill the DOC requirement. 

19.4.3.4 Using all of the results, calculate the mean recovery in the appropriate reporting units 
and the standard deviations for each parameter of interest. 

19.4.3.5 When it is not possible to determine the mean and standard deviations, such as for 
presence, absence, and logarithmic values, the laboratory assesses performance against 
criteria described in the Method SOP. 

19.4.3.6 Compare the information obtained above to the corresponding acceptance criteria for 
precision and accuracy in the test method (if applicable) or in laboratory generated acceptance 
criteria (LCS or interim criteria) if there is no mandatory criteria established.  If any one of the 
parameters do not meet the acceptance criteria, the performance is unacceptable for that 
parameter. 

19.4.3.7 When one or more of the tested parameters fail at least one of the acceptance 
criteria, the analyst must proceed according to either option listed below: 

• Locate and correct the source of the problem and repeat the test for all parameters of 
interest beginning with 19.4.3.3 above. 

• Beginning with 19.4.3.3 above, repeat the test for all parameters that failed to meet 
criteria. Repeated failure, however, confirms a general problem with the measurement 
system.  If this occurs, locate and correct the source of the problem and repeat the test 
for all compounds of interest beginning with 19.4.3.1 above. 

A certification statement (see Figure 19-1) is used to document the completion of each initial 
demonstration of capability.  A copy of the certification is archived in the analyst’s training folder. 

Methods on line prior to the effective date of this Section must be updated to the procedures 
outlined above as new analysts perform their demonstration of capability.  A copy of the new 
record replaces that which was used for documentation in the past.  At a minimum, the precision 
and accuracy of four mid-level laboratory control samples must have been compared to the 
laboratory’s quality control acceptance limits. 
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19.5 Laboratory Developed Methods and Non-Standard Met hods  

Any new method developed by the laboratory must be fully defined in an SOP and validated by 
qualified personnel with adequate resources to perform the method.  Method specifications and 
the relation to client requirements must be clearly conveyed to the client if the method is a non-
standard method (not a published or routinely accepted method).  The client must also be in 
agreement to the use of the non-standard method.   

19.6 Validation of Methods  

Validation is the confirmation by examination and the provision of objective evidence that the 
particular requirements for a specific intended use are fulfilled.   

All non-standard methods, laboratory designed/developed methods, standard methods used 
outside of their scope, and major modifications to published methods must be validated to 
confirm they are fit for their intended use.  The validation is as extensive as necessary to meet 
the needs of the given application.  The results are documented with the validation procedure 
used and contain a statement as to the fitness for use (see SOP Procedure for Method Start-Up 
or Modification / NV08-203). 

19.6.1 Method Validation and Verification Activities for All New Methods  

While method validation can take various courses, the following activities can be required as 
part of method validation.  Method validation records are designated QC records and are 
archived accordingly. 

19.6.1.1 Determination of Method Selectivity  
Method selectivity is the demonstrated ability to discriminate the analyte(s) of interest from other 
compounds in the specific matrix or matrices from other analytes or interference.  In some 
cases to achieve the required selectivity for an analyte, a confirmation analysis is required as 
part of the method. 

19.6.1.2 Determination of Method Sensitivity  
Sensitivity can be both estimated and demonstrated.  Whether a study is required to estimate 
sensitivity depends on the level of method development required when applying a particular 
measurement system to a specific set of samples.  Estimations and/or demonstrations of 
sensitivity required by regulation or client agreement (such as the procedure in 40 CFR Part 136 
Appendix B, under the Clean Water Act) must be followed.   

19.6.1.3 Relationship of Method Detection Limit (MDL) to the Reporting Limit (RL)  
An important characteristic of expression of sensitivity is the difference in the MDL and the RL.  
The MDL is the minimum level at which the presence of an analyte can be reliably detected.  
The RL is the minimum concentration of analyte that can be quantitatively determined with 
acceptable precision and bias.  For most instrumental measurement systems, there is a region 
where semi-quantitative data is generated around the MDL (both above and below the 
estimated MDL) and below the RL.  In this region, detection of an analyte may be confirmed but 
quantification of the analyte is unreliable within the accuracy and precision guidelines of the 
measurement system.  When an analyte is detected below the RL, and the presence of the 
analyte is confirmed by meeting the qualitative identification criteria for the analyte, the analyte 
can be reliably reported, but the amount of the analyte can only be estimated.  If data is to be 
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reported in this region, it must be done so with a qualification that denotes the semi-quantitative 
nature of the result. 

Note : For the purposes of Ohio VAP, the terms MDL and reporting limit (RL) are used 
exclusively by the laboratory. 

19.6.1.4 Determination of Interferences  
A determination that the method is free from interferences in a blank matrix is performed. 

19.6.1.5 Determination of Range  
Where appropriate to the method, the quantitation range is determined by comparison of the 
response of an analyte in a curve to established or targeted criteria.  Generally the upper 
quantitation limit is defined by highest acceptable calibration concentration.  The lower 
quantitation limit or RL cannot be lower than the lowest non-zero calibration level, and can be 
constrained by required levels of bias and precision. 

19.6.1.6 Determination of Accuracy and Precision   
Accuracy and precision studies are generally performed using replicate analyses or replicate 
spikes, with a resulting percent recovery and measure of reproducibility (standard deviation, 
relative standard deviation) calculated and measured against a set of target criteria. 

19.6.1.7 Documentation of Method  
The method is formally documented in an SOP.  If the method is a minor modification of a 
standard laboratory method that is already documented in an SOP, an SOP Attachment 
describing the specific differences in the new method is acceptable in place of a separate SOP. 

19.6.1.8 Continued Demonstration of Method Performance  
Continued demonstration of method performance is addressed in the SOP.  Continued 
demonstration of method performance is generally accomplished by batch specific QC samples 
such as LCSs, method blanks, or PT samples. 

19.7 Method Detection Limits (MDL)  

Method detection limits (MDL) are initially determined in accordance with 40 CFR Part 136, 
Appendix B or alternatively by other technically acceptable practices that have been accepted 
by regulators.  MDL is also sometimes referred to as Limit of Detection (LOD).  The MDL 
theoretically represents the concentration level for each analyte within a method at which the 
analyst is 99% confident that the true value is not zero.  The MDL is determined for each 
analyte initially during the method validation process and updated as required in the analytical 
methods, whenever there is a significant change in the procedure or equipment, or based on 
project specific requirements.  The analyst prepares at least seven replicates of solution spiked 
at one to five times the estimated method detection limit (most often at the lowest standard in 
the calibration curve or ½ the lowest calibration curve standard) into the applicable matrix with 
all the analytes of interest.  Each of these aliquots is extracted (including any applicable clean-
up procedures) and analyzed in the same manner as the samples.  Where possible, the seven 
replicates are analyzed over 2-4 days to provide a more realistic MDL value.   

In some instances, evaluation of blanks over time may be used to determine MDL values and 
the values are then verified on each instrument.  Alternatively, the least sensitive instrument 
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representing a specific technology may be used to determine MDL values and the values are 
then verified on similar instrumentation. 

Note : For the purposes of Ohio VAP, the term MDL is used exclusively by the laboratory. 

Refer to the Corporate SOP No. CA-Q-S-006 or the SOP Procedure for the Determination of 
Method Detection Limits / NV08-202 for details on the laboratory’s MDL process. 

19.8 Instrument Detection Limits (IDL)  

The IDL is sometimes used to assess the reasonableness of the MDLs or in some cases 
required by the analytical method or program requirements.  IDLs are most used in metals 
analyses but may be useful in demonstration of instrument performance in other areas.   

IDLs are calculated to determine an instrument’s sensitivity independent of any preparation 
method.  IDLs are calculated by the analysis of multiple instrument blanks and calculating, 
nominally, 3 x the absolute value of the standard deviation. 

If the IDL is > than the MDL, then the MDL is adjusted to a value equal to or greater than the 
IDL.  

19.9 Verification of Detection and Reporting Limits  

Once an MDL is established, it must be verified, on each instrument representing the 
technology, by analyzing a quality control sample (prepared as a sample) at no more than 1-2 
times (nominal) the calculated MDL.  The analytes must be qualitatively identified.  This 
verification does not apply to methods that are not readily spiked (e.g., pH, turbidity, etc.) or 
where the laboratory does not report to the MDL.  If the MDL is not verified, then the laboratory 
must not report to the MDL, or redevelop their MDL, or use the level where qualitative 
identification is established.  MDLs must be verified at least annually (Quarterly for Texas, 
Monthly for Minnesota). 

When the laboratory establishes a quantitation limit, it must be initially verified by the analysis of 
a low level standard or QC sample at 1-2 times the reporting limit and annually thereafter.  The 
annual requirement is waved for methods that have an annually verified MDL.  The laboratory 
must comply with any regulatory requirements.   

19.10 Retention Time Windows  

For every chromatography analysis, or as specified in the reference method, each analyte has a 
specific time of elution from injection on column to the detector.  This is known as the analyte’s 
retention time.  The variance in the expected time of elution is defined as the retention time 
window.  As the key to analyte identification in chromatography, retention time windows must be 
established on every column phase for every analyte used for that method.  These records are 
kept with the files associated with an instrument for later quantitation of the analytes.  Complete 
details are available in laboratory SOPs. 

19.11 Evaluation of Selectivity  

The laboratory evaluates selectivity by following the checks within the applicable analytical 
methods which include mass spectral tuning, second column confirmation, ICP interelement 
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interference checks, chromatography retention time windows, sample blanks, and specific 
electrode response characteristics.  

19.12 Estimation of Uncertainty of Measurement  

19.12.1 Uncertainty is “a parameter associated with the result of a measurement, that 
characterizes the dispersion of the values that could reasonably be attributed to the measurand” 
(as defined by the International Vocabulary of Basic and General Terms in Metrology, ISO 
Geneva, 1993, ISBN 92-67-10175-1).  Knowledge of the uncertainty of a measurement provides 
additional confidence in a result’s validity.  Its value accounts for all the factors which could 
possibly affect the result, such as adequacy of analyte definition, sampling, matrix effects and 
interferences, climatic conditions, variances in weights, volumes, and standards, analytical 
procedure, and random variation.  Some national accreditation organizations require the use of 
an “expanded uncertainty”: the range within which the value of the measurand is believed to lie 
within at least a 95% confidence level with the coverage factor k=2. 

19.12.2 Uncertainty is not error.  Error is a single value, the difference between the true result 
and the measured result.  The true result of an environmental sample is never known.  The 
measurement is the sum of the unknown true value and the unknown error.  Unknown error is a 
combination of systematic error, or bias, and random error.  Bias varies predictably, constantly, 
and independently from the number of measurements.  Random error is unpredictable, 
assumed to be Gaussian in distribution, and reducible by increasing the number of 
measurements. 

19.12.3 The analytical (measurement) uncertainty associated with results generated by the 
laboratory can be determined by using the Laboratory Control Sample (LCS) accuracy range for 
a given analyte.  The LCS limits are used to assess the performance of the measurement 
system since they take into consideration all of the laboratory variables associated with a given 
test over time (except for variability associated with the sampling and the variability due to 
matrix effects).  The percent recovery of the LCS is compared either to the method-required 
LCS accuracy limits or to the statistically-calculated, historical, in-house LCS accuracy limits.  
Overall uncertainty uses matrix spike results to include sample uncertainty. 

19.12.4 To calculate the measurement uncertainty for the specific result, multiply the result 
by the decimal value of the lower end of the LCS range percent value for the lower end of the 
uncertainty range, and multiply the result by the decimal value of the upper end of the LCS 
range percent value for the upper end of the uncertainty range.  These calculated values 
represent a 99%-certain range for the reported result.  As an example, suppose that the result 
reported is 1.0 mg/L, and the LCS percent recovery range is 50 to 150%.  The uncertainty range 
would be 0.5 to 1.5 mg/L, which could also be written as 1.0 +/- 0.5 mg/L. 

19.12.5 In the case where a well recognized test method specifies limits to the values of 
major sources of uncertainty of measurement (e.g., 524.2, 525, etc) and specifies the form of 
presentation of calculated results, no further discussion of uncertainty is required.   

19.12.6 There are a series of required steps for estimation of measurement uncertainty: 

• Inventory all components of uncertainty in the test (e.g., sampling, subsampling, 
calibration, etc) 
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• Determine the significance of each component, eliminating any component that is 
insignificant 

• Identifying all available data that can be used in the uncertainty estimate and identifying 
the component that it applies to (e.g., duplicate data, spike recovery data, etc.) 

• Identify any gaps in data 

• Use the available data and logically derived estimates where gaps exist to calculate the 
expanded uncertainty 

These criteria are met when using EPA methods, Standard Methods, ASTM, etc.  Specific 
criteria are represented by the use of LCS measurement, sample plus MS/MSD measurement, 
or duplicates and participation in PT programs.  Control charting is used to trend and update 
uncertainty as percent acceptance. 

19.13 Sample Reanalysis Guidelines  

Because there is a certain level of uncertainty with any analytical measurement, a sample re-
preparation (where appropriate) and subsequent analysis (hereafter referred to as ‘reanalysis’) 
may result in either a higher or lower value from an initial sample analysis.  There are also 
variables that may be present (e.g., sample homogeneity, analyte precipitation over time, etc.) 
that may affect the results of a reanalysis.  Based on the above comments, the laboratory will 
reanalyze samples at a client’s request with the following caveats. Client specific Contractual 
Terms & Conditions for reanalysis protocols may supersede the following items. 

Note : Refer to the applicable SOP for approved corrective actions when analyzing samples for 
the Ohio VAP. 

• Homogenous samples: If a reanalysis agrees with the original result to within the RPD 
limits for MS/MSD or Duplicate analyses, or within + 1 reporting limit for samples < 5x 
the reporting limit, the original analysis will be reported.  At the client’s request, both 
results may be reported on the same report but not on two separate reports.  

• If the reanalysis does not agree (as defined above) with the original result, then the 
laboratory will investigate the discrepancy and reanalyze the sample a third time for 
confirmation if sufficient sample is available.  The Department Manager/Supervisor 
should notify the QA Manager, the Technical Director, and the Laboratory Director when 
an error is suspected (i.e., sample switch, ICAL issue, etc.) 

• Any potential charges related to reanalysis are discussed in the contract terms and 
conditions or discussed at the time of the request. The client will typically be charged for 
reanalysis unless it is determined that the lab was in error.    

• Due to the potential for increased variability, reanalysis may not be applicable to non-
homogenous, Encore, and Sodium Bisulfate preserved samples. See the Department 
Supervisor or Laboratory Director if unsure. 

19.14 Control of Data  

The laboratory has policies and procedures in place to ensure the authenticity, integrity, and 
accuracy of the analytical data generated by the laboratory. 
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19.14.1 Computer and Electronic Data Related Requireme nts   
The three basic objectives of our computer security procedures and policies are shown below.  
More detail is outlined in SOP Lab Data Archiving System / NV09-171.   

19.14.1.1 Maintain the Database Integrity:  Assurance that data is reliable and accurate 
through data verification (review) procedures, password-protected access, anti-virus protection, 
data change requirements, and an internal LIMS permissions procedure. 

• LIMS Database Integrity is achieved through data input validation, internal user controls, 
and data change requirements 

• Spreadsheets and other software developed in-house must be verified with 
documentation through hand calculations prior to use.  Cells containing calculations 
must be lock-protected and controlled. 

• Note :  “Commercial off-the-shelf software (e.g. word processing, database, and 
statistical programs) in general use within the designed application range may be 
considered to be sufficiently validated.”  From TNI Standard EL-V1M2-ISO-2009.  
However, laboratory specific configurations or modifications are validated prior to use.   

• Instrument hardware and software adjustments are safeguarded through maintenance 
logs, audit trails, and controlled access. 

19.14.1.2 Ensure Information Availability:   Protection against loss of information or service is 
ensured through scheduled back-ups, stable file server network architecture, secure storage of 
media, line filter, uninterruptible power supply (UPS) use, and maintaining older versions of 
software as revisions are implemented.  

19.14.1.3 Maintain Confidentiality :  Ensure data confidentiality through physical access 
controls such as password protection or website approval when electronically transmitting data. 

19.14.2 Data Reduction  

The complexity of the data reduction depends on the analytical method and the number of discrete 
operations involved (e.g., extractions, dilutions, instrument readings, and concentrations).  The 
analyst calculates the final results from the raw data or uses appropriate computer programs to 
assist in the calculation of final reportable values.   

Note : The Ohio VAP requires that all calculations be performed through the use of spreadsheets 
or other computerized software (such as LIMS ). 

For manual data entry, e.g., Wet Chemistry, the data is reduced by the analyst and then verified by 
the Department Manager or alternate analyst prior to updating the data in LIMS.  The 
spreadsheets, or any other type of applicable documents, are signed by both the analyst and 
alternate reviewer to confirm the accuracy of the manual entry(s).  Applicable documents are 
scanned and linked to the batch in LIMS.  The scanned documents are considered the originals. 

All manual integrations of peaks must be documented and reviewed, and the raw data must be 
flagged in accordance with Section 20.13.5 and the TestAmerica Corporate SOP CA-Q-S-002, 
Acceptable Manual Integration Practices. 
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Analytical results are reduced to appropriate concentration units specified by the analytical 
method, taking into account factors such as dilution, sample weight or volume, etc.  Blank correction 
will be applied only when required by the method or per manufacturer’s indication; otherwise, it is not 
performed.  Calculations are independently verified by appropriate laboratory staff.  Calculations 
and data reduction steps for various methods are summarized in the respective analytical SOPs or 
program requirements. 

19.14.2.1 All raw data must be retained in the worklist/batch folder, computer file (if 
appropriate), and/or runlog.  All criteria pertinent to the method must be recorded.  The 
documentation is recorded at the time observations or calculations are made and must be 
signed or initialed/dated (month/day/year).  It must be easily identifiable who performed which 
tasks if multiple people were involved. 

19.14.2.2 In general, concentration results are reported in milligrams per liter (mg/L) or 
micrograms per liter (µg/L) for liquids and milligrams per kilogram (mg/kg) or micrograms per 
kilogram (µg/kg) for solids.  The units “mg/L” and “mg/kg” are the same as “parts per million 
(ppm)”.  The units “µg/L” and “µg/kg” are the same as “parts per billion (ppb).”  For values 
greater than 10,000 mg/L, results can be reported in percent, i.e., 10,000 mg/L = 1%.  LIMS 
includes the capability to select several unit options. 

19.14.2.3 In reporting, the analyst or the instrument output records the raw data result using 
values of known certainty plus one uncertain digit.  If final calculations are performed external to 
LIMS, the results should be entered into LIMS with at least three significant figures.  In general, 
results are reported to three significant figures on the final report.  

19.14.2.4 For those methods that do not have an instrument printout or an instrumental output 
compatible with the LIMS, the raw results and dilution factors are entered directly into LIMS by 
the analyst, and the software calculates the final result for the analytical report.  LIMS has a 
defined significant figure criterion for each analyte.   

19.14.2.5 The laboratory strives to import data directly from instruments or calculation 
spreadsheets to ensure that the reported data are free from transcription and calculation errors.  
For those analyses with an instrumental output compatible with the LIMS, the raw results and 
dilution factors are transferred into LIMS electronically after reviewing the quantitation report 
and removing unrequested or poor spectrally-matched compounds.  The analyst prints a copy of 
what has been entered to check for errors.  This printout and the instrument’s printout of 
calibrations, concentrations, retention times, chromatograms, and mass spectra, if applicable, 
are retained with the data file.  The data file is stored in a monthly folder on the instrument 
computer.  Periodically, this stored file is transferred to the server.  

19.14.3 Logbook / Worksheet Use Guidelines  

Logbooks and worksheets are filled out “real time” and have enough information entered to 
trace the events of the applicable analysis/task (e.g., calibrations, standards, analyst, sample 
ID, date, time on short holding time tests, temperatures when applicable, calculations are 
traceable, etc.)  

• Corrections are made following the procedures outlined in Section 12.  

• Logbooks are controlled by the QA department.  A record is maintained of all logbooks in 
the lab.   
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• Unused portions of pages must be “Z”’d out, signed, and dated.  

• Worksheets are created with the approval of the Technical Director or QA Manager at 
the facility.  The QA Department controls all worksheets following the procedures in 
Section 6.  

19.14.4 Review / Verification Procedures  

Review procedures are outlined in several SOPs (e.g., Sample Receiving / NV02-01, Project 
Management / NV02-174, Data Package Procedure / NV08-139) to ensure that reported data 
are free from calculation and transcription errors, that QC parameters have been reviewed and 
evaluated before data is reported.  The laboratory also has an SOP discussing Manual 
Integrations to ensure the authenticity of the data (CA-Q-S-002).  The general review concepts 
are discussed below, more specific information can be found in the SOPs. 

19.14.4.1 The data review process at TestAmerica Nashville starts at the Sample Control level.  
Sample Control personnel review chain-of-custody forms and input the sample information and 
required analyses into a LIMS.  The Sample Control Supervisor reviews the chain-of-custody 
forms against the entered information.  The Project Managers perform final review of the chain-of-
custody forms and entered information. 

19.14.4.2 The next level of data review occurs with the analysts.  As results are generated, 
analysts review their work to ensure that the results generated meet QC requirements, relevant 
EPA methodologies, and any project-specific criteria.  The analysts transfer the data into the LIMS 
and add data qualifiers if applicable (see Appendix 4 for list of common data qualifiers).  To 
ensure data compliance, a Department Manager (or other designee) performs a second level of 
review.  Second level review is accomplished by checking reported results against raw data and 
evaluating the results for accuracy.  During the second level review, blank runs, QA/QC check 
results, initial and continuing calibration results, laboratory control samples, sample data, 
qualifiers, and spike information are evaluated.  Where calibration is not required on a daily basis, 
secondary review of the initial calibration results may be conducted at the time of calibration.  Data 
review checklists are used to document both analyst and second level reviews.  Issues that 
require further review include the following occurrences: 

• QC data are outside the specified control limits for accuracy and precision 

• Reviewed sample data does not match with reported results 

• Unusual detection limit changes are observed 

• Samples have unusually high results 

• Results exceed a known regulatory limit 

• Raw data indicates contamination or poor technique 

• Inconsistent peak integration 

• Transcription errors 

• Results are outside of the calibration range 

19.14.4.3 Unacceptable analytical results may require reanalysis of the samples.  Any issues are 
brought to the attention of the Laboratory Director, Project Manager, Quality Assurance Manager, 
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Technical Director, Manager of Project Managers, or Department Manager for further 
investigation.  Corrective action is initiated as necessary. 

19.14.4.4 The results are then entered or directly transferred into the LIMS and a hard copy (or 
.pdf) is printed for the client.  Scanned information is considered the original documentation. 

19.14.4.5 As a final review prior to the release of the report, the Project Manager reviews the 
results for appropriateness and completeness.  This review and approval ensures that client 
requirements have been met and that the final report has been properly completed.  The process 
includes, but is not limited to, verifying that chemical relationships are evaluated, COC is followed, 
cover letters/ narratives are present, flags are appropriate, and project specific requirements are 
met.   

19.14.4.6 Any project that requires a data package is subject to a tertiary data review for 
transcription errors and acceptable quality control requirements.  The Project Manager then signs 
the final report.  Accounting personnel also check the report for any clerical or invoicing errors.  
When complete, the report is sent out to the client. 

19.14.4.7 A visual summary of the flow of samples and information through the laboratory, as 
well as data review and validation, is presented in Figure 19-2.   

19.14.5 Manual Integrations  

Computerized data systems provide the analyst with the ability to re-integrate raw instrument 
data in order to optimize the interpretation of the data.  Though manual integration of data is an 
invaluable tool for resolving variations in instrument performance and some sample matrix 
problems, when used improperly, this technique would make unacceptable data appear to meet 
quality control acceptance limits.  Improper re-integrations lead to legally indefensible data, a 
poor reputation, or possible laboratory decertification.  Because guidelines for re-integration of 
data are not provided in the methods and most methods were written prior to widespread 
implementation of computerized data systems, the laboratory trains all analytical staff on proper 
manual integration techniques using SOP CA-Q-S-002 as the guidelines.   

19.14.5.1 The analyst must adjust baseline or the area of a peak in some situations.  Examples 
include when two compounds are not adequately resolved or when a peak shoulder needs to be 
separated from the peak of interest.  The analyst must use professional judgment and common 
sense to determine when manual integrating is required.  Analysts are encouraged to ask for 
assistance from a senior analyst or manager when in doubt. 

19.14.5.2 Analysts must not increase or decrease peak areas for the sole purpose of achieving 
acceptable QC recoveries that would have otherwise been unacceptable.  The intentional 
recording or reporting of incorrect information (or the intentional omission of correct information) 
is against company principals and policy and is grounds for immediate termination. 

19.14.5.3 Client samples, performance evaluation samples, and quality control samples are all 
treated equally when determining whether or not a peak area or baseline should be manually 
adjusted. 

19.14.5.4 All manual integrations receive a second level review.  Manual integrations must be 
indicated on an expanded scale “after” chromatograms such that the integration performed can 
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be easily evaluated during data review.  Expanded scale “before” chromatograms are also 
required for all manual integrations on QC parameters (calibrations, calibration verifications, 
laboratory control samples, internal standards, surrogates, etc.) unless the laboratory has 
another documented, corporate-approved procedure in place that can demonstrate an active 
process for detection and deterrence of improper integration practices.  Scales should not be 
over-expanded (e.g., >100 times). 



Document No.: 0001 
Revision No.:  24 

Effective Date: August 1, 2014  
Page 95 of 195 

 

Company Confidential & Proprietary 

Figure 19-1.  Demonstration of Capability Documentation 
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Figure 19-2. Work Flow 
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SECTION 20. EQUIPMENT and CALIBRATIONS 

20.1 Overview  

TestAmerica purchases technically advanced analytical instrumentation for sample analyses.  
Instrumentation is purchased on the basis of accuracy, dependability, efficiency and sensitivity.  
The laboratory is furnished with all items of preparation, analytical testing, and measurement 
equipment necessary to correctly perform the tests for which the laboratory has capabilities.  
Each piece of equipment is capable of achieving the required accuracy and complies with 
specifications relevant to the method being performed.  Before being placed into use, the 
equipment is calibrated and checked to establish that it meets its intended specification.  The 
calibration routines for analytical instruments establish the range of quantitation.  Calibration 
procedures are specified in laboratory SOPs.  A list of laboratory equipment and instrumentation 
is presented in Table 20-1. 

Equipment is only operated by authorized and trained personnel.  Manufacturers’ instructions 
for equipment use are readily accessible to all appropriate laboratory personnel. 

20.2 Preventive Maintenance  
TestAmerica Nashville follows a well-defined maintenance program to ensure proper equipment 
operation and to prevent the failure of laboratory equipment or instrumentation during use.  This 
program of preventive maintenance helps to avoid delays due to instrument failure. 

Routine preventive maintenance procedures and frequency, such as lubrication, cleaning, and 
replacements, should be performed according to the procedures outlined in the manufacturer's 
manual.  Qualified personnel must also perform maintenance when there is evidence of 
degradation of peak resolution, a shift in the calibration curve, loss of sensitivity, or failure to 
continually meet one of the quality control criteria. 

Table 20-2 lists examples of schedules for routine maintenance. It is the responsibility of each 
Department Manager to ensure that instrument maintenance logs, containing records of both 
preventive and corrective maintenance, are kept for all equipment in his/her department.  
Preventative maintenance procedures may also be outlined in analytical SOPs or instrument 
manuals.  

Instrument maintenance logs are controlled and are used to document instrument problems, 
instrument repair, and maintenance activities.  Maintenance logs must be kept for all major pieces 
of equipment.  Instrument maintenance logs are also used to specify instrument parameters.  

• Documentation must include all major maintenance activities such as contracted 
preventive maintenance and service and in-house activities such as the replacement of 
electrical components, lamps, tubing, valves, columns, detectors, cleaning and 
adjustments.  

• Each entry in the instrument log includes the analyst's initials, the date, a detailed 
description of the problem (or maintenance needed/scheduled), a detailed explanation of 
the solution or maintenance performed, and a verification that the equipment is 
functioning properly (i.e., state what was used to determine a return to control. e.g., CCV 
run on “date” was acceptable, or instrument recalibrated on “date” with acceptable 
verification, etc.). 
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• When maintenance or repair is performed by an outside agency, service receipts 
detailing the service performed can be affixed into the logbooks adjacent to pages 
describing the maintenance performed.  This stapled-in page must be signed across the 
page entered and the logbook so that it is clear that a page is missing if only half a 
signature is found in the logbook.  The service representative may complete relevant 
sections of the maintenance logbook. 

If an instrument requires repair (subjected to overloading or mishandling, gives suspect results, or 
otherwise has shown to be defective or outside of specified limits) it must be taken out of 
operation and tagged as out of service or otherwise isolated until such a time as the repairs have 
been made and the instrument can be demonstrated to be adequately operational by calibration, 
verification, and/or other test to demonstrate acceptable performance.  The laboratory must 
examine the effect of this defect on previous analyses. 

In the event of equipment malfunction that cannot be resolved, service must be obtained from the 
instrument vendor, manufacturer, or a qualified service technician, if such a service can be 
tendered.  If on-site service is unavailable, arrangements are made to have the instrument 
shipped back to the manufacturer for repair.  Back-up instruments, which have been approved for 
the analysis, perform the analysis normally carried out by the malfunctioning instrument.  If the 
back-up is not available and the analysis cannot be carried out within the needed timeframe, the 
samples must be subcontracted.  

At a minimum, if an instrument is sent out for service or transferred to another facility, it must be 
recalibrated and the laboratory MDL verified (using an MDLV) prior to return to laboratory 
operations. 

20.3 Support Equipment  

This section applies to all devices that may not be the actual test instrument, but are necessary to 
support laboratory operations.  These include but are not limited to: balances, ovens, refrigerators, 
freezers, incubators, water baths, temperature measuring devices, thermal/pressure sample 
preparation devices, and volumetric dispensing devices if quantitative results are dependent on 
their accuracy, as in standard preparation and dispensing or dilution into a specified volume.  All 
raw data records associated with the support equipment are retained to document instrument 
performance. 

20.3.1 Weights and Balances  
The accuracy of the balances used in the laboratory is checked every working day, before use.  
All balances are placed on stable counter tops.  

Each balance is checked prior to initial serviceable use with at least two certified ASTM type 1 
weights spanning its range of use (weights that have been calibrated to ASTM type 1 weights may 
also be used for daily verification).    ASTM type 1 weights used only for calibration of other 
weights (and no other purpose) are inspected for corrosion, damage or nicks at least annually and 
if no damage is observed, they are calibrated at least every 5 years by an outside calibration 
laboratory that is A2LA accredited.   Any weights (including ASTM Type 1) used for daily balance 
checks or other purposes are recalibrated/recertified annually to NIST standards (this may be 
done internally if laboratory maintains “calibration only” ASTM type 1 weights).  
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All balances are serviced at least annually by a qualified service representative (i.e., A2LA 
accredited), who supplies the laboratory with a certificate that identifies traceability of the 
calibration to the NIST standards.   

All of this information is recorded in logs, and the recalibration/recertification certificates are kept 
on file per the requirements of SOP Balance Calibration / NV03-213. 

20.3.2 pH, Conductivity, and Turbidity Meters  
The pH meters used in the laboratory are accurate to at least + 0.1 pH units, and have a scale 
readability of at least 0.05 pH units.  The meters automatically compensate for the temperature, 
and are calibrated with at least two working range buffer solutions that bracket the expected pH 
before each use.   

Conductivity meters are also calibrated before each use with a known standard to demonstrate 
the meters do not exceed an error of 1% umhos/cm.   

Turbidity meters are also calibrated before each use.  All of this information is documented in logs.   

Consult pH and Conductivity, and Turbidity SOPs for further information. 

20.3.3 Thermometers  
All thermometers are calibrated on an annual basis with a NIST-traceable thermometer.  IR 
thermometers, digital probes and thermocouples are calibrated quarterly. 

Mercury/digital NIST thermometers are recalibrated annually (unless thermometer has been 
exposed to temperature extremes or apparent separation of internal liquid) by an approved 
outside service that is A2LA accredited and the provided certificate of traceability, including 
uncertainty, is kept on file.  The NIST thermometer(s) have increments of 1 degree (0.5 degree or 
less increments are required for drinking water microbiological laboratories), and have ranges 
applicable to method and certification requirements.  The NIST traceable thermometer is used for 
no other purpose than to calibrate other thermometers.   

All of this information is documented in logbooks.  Monitoring method-specific temperatures, 
including incubators, heating blocks, water baths, and ovens, is documented in method-specific 
logbooks.  More information on this subject can be found in the SOP Thermometer Calibration / 
Temperature Monitoring and Documentation / NV03-212. 

20.3.4 Refrigerators/Freezer Units, Waterbaths, Ovens and Incubators  
The temperatures of all refrigerator units and freezers used for sample and standard storage are 
monitored continuously.   

Ovens, waterbaths and incubators are monitored on days of use.   

All of this equipment has a unique identification number, and is assigned a unique temperature 
device for monitoring.   

Sample storage refrigerator temperatures are nominally > 0ºC and < 6 ºC.  

Specific temperature settings/ranges for other refrigerators, ovens waterbaths, and incubators can 
be found in method specific SOPs.   
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All of this information is documented in Daily Temperature Logbooks and method-specific 
logbooks. 

20.3.5 Autopipettors, Dilutors, and Syringes  
Mechanical volumetric dispensing devices including burettes (except Class A Glassware and 
Glass microliter syringes) are given unique identification numbers and the delivery volumes are 
verified gravimetrically, at a minimum, on a quarterly basis.   

For those dispensers that are not used for analytical measurements, a label is / can be applied to 
the device stating that it is not calibrated.  Any device not regularly verified cannot be used for any 
quantitative measurements.   

Micro-syringes are purchased from Hamilton Company.  Each syringe is traceable to NIST.  The 
laboratory keeps on file an “Accuracy and Precision Statement of Conformance” from Hamilton 
attesting established accuracy.  

20.4 Instrument Calibrations  

Calibration of analytical instrumentation is essential to the production of quality data.  Strict 
calibration procedures are followed for each method.  These procedures are designed to 
determine and document the method detection limits, the working range of the analytical 
instrumentation and any fluctuations that may occur from day to day. 

Sufficient raw data records are retained to allow an outside party to reconstruct all facets of the 
initial calibration.  Records contain, but are not limited to, the following: calibration date, method, 
instrument, analyst(s) initials or signatures, analysis date, analytes, concentration, response, type 
of calibration (average RF or CF, regression curve, or other calculations that may be used to 
reduce instrument responses to concentration). 

Sample results must be quantitated from the initial calibration and may not be quantitated from 
any continuing instrument calibration verification unless otherwise required by regulation, method, 
or program. 

If the initial calibration results are outside of the acceptance criteria, corrective action is performed 
and any affected samples are reanalyzed if possible.  If reanalysis is not possible, any data 
associated with an unacceptable initial calibration must be reported with appropriate data 
qualifiers (refer to Section 12).  

Note : Instruments are calibrated initially and as needed after that and at least annually. 

20.4.1 Calibration Standards  

Calibration standards are prepared using the procedures indicated in the Reagents and 
Standards section of the determinative method SOP.  If a reference method does not specify the 
number of calibration standards, a minimum of 3 calibration points will be used. 

Standards for instrument calibration are obtained from a variety of sources.  All standards are 
traceable to national or international standards of measurement, or to national or international 
standard reference materials.  They must be obtained from an ISO Guide 34 verified vendor. 
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The lowest concentration calibration standard that is analyzed during an initial calibration must be 
at or below the stated reporting limit for the method based on the final volume of extract (or 
sample).   

The other concentrations define the working range of the instrument/method or correspond to the 
expected range of concentrations found in actual samples.  Results of samples not bracketed by 
initial instrument calibration standards (within calibration range to at least the same number of 
significant figures used to report the data) must be reported as having less certainty (e.g., flagged 
with defined qualifiers or additional information may be included in the case narrative).  The 
exception to these rules is ICP methods or other methods where the referenced method does not 
specify two or more standards.  

All initial calibrations are verified with a standard obtained from a second source and traceable to 
a national standard, when available (or vendor certified different lot if a second source is not 
available).  For unique situations, such as air analysis where no other source or lot is available, a 
standard made by a different analyst at a different time or a different preparation would be 
considered a second source.  This verification occurs immediately after the calibration curve has 
been analyzed, and before the analysis of any samples.  

20.4.1.1 Calibration Verification  

The calibration relationship established during the initial calibration must be verified at periodic 
intervals as specified in the laboratory method SOPs in accordance with the referenced analytical 
methods and in the 2009 TNI Standard.  The process of calibration verification applies to both 
external standard and internal standard calibration techniques as well as to linear and non-linear 
calibration models.  Initial calibration verification is with a standard source secondary (second 
source standard) to the calibration standards.  Continuing calibration verifications use the same 
source standards as the calibration curve. 

All target analytes and surrogates, including those reported as non-detects, must be included in 
periodic calibration verifications for purposes of retention time confirmation and to demonstrate 
that calibration verification criteria are being met. 

All samples must be bracketed by periodic analyses of standards that meet the QC acceptance 
criteria (e.g., calibration and retention time).  The frequency is found in the determinative methods 
or SOPs.   

Note : If an internal standard calibration is being used (i.e., GCMS) then bracketing standards are 
not required, only initial daily verifications are needed.  The results from these verification 
standards must meet the calibration verification criteria and the retention time criteria (if 
applicable).   

Generally, the initial calibrations must be verified at the beginning of each 12-hour analytical shift 
during which samples are analyzed (some methods may specify more or less frequent 
verifications).  The 12-hour analytical shift begins with the injection of the calibration verification 
standard (or the MS tuning standard in MS methods).  The shift ends after the completion of the 
analysis of the last sample or standard that can be injected within 12 hours of the beginning of the 
shift.   
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A continuing instrument calibration verification (CCV) standard must be repeated at the beginning 
and at the end of each analytical batch for non-GC/MS methods.  Some methods have more 
frequent CCV requirements see specific SOPs.  Most inorganic methods require the CCV to be 
analyzed after every 10 samples. 

Note : If an internal standard calibration is being used (i.e., GCMS) then bracketing standards are 
not required, only initial daily verifications are needed.  The results from these verification 
standards must meet the calibration verification criteria and the retention time criteria (if 
applicable). 

If the results of a CCV are outside the established acceptance criteria and analysis of a second 
consecutive (and immediate) CCV fails to produce results within acceptance criteria, corrective 
action shall be performed.   Once corrective actions have been completed & documented, the 
laboratory shall demonstrate acceptable instrument / method performance by analyzing two  
consecutive CCVs, or a new initial instrument calibration shall be performed.   

Sample analyses and reporting of data may not occur or continue until the analytical system is 
calibrated or calibration verified.  However, data associated with an unacceptable calibration 
verification may be fully useable under the following special conditions: and reported based upon 
discussion and approval of the client: 

a). When the acceptance criteria for the CCV are exceeded high (i.e., high bias) and the 
associated samples within the batch are non-detects, then those non-detects may be 
reported with a footnote or case narrative explaining the high bias in the CCV.  
Otherwise the samples affected by the unacceptable CCV shall be re-analyzed after 
a new calibration curve has been established, evaluated and accepted; or 

b). When the acceptance criteria for the CCV are exceeded low (i.e., low bias), those 
sample results may be reported if they exceed a maximum regulatory limit/decision 
level.  Otherwise the samples affected by the unacceptable CCV shall be re-
analyzed after a new calibration curve has been established, evaluated and 
accepted. 

Samples reported by the 2 conditions identified above will be appropriately flagged. 

Note : Refer to the applicable SOP for approved corrective actions when analyzing samples for 
the Ohio VAP. 

20.4.1.2 Verification of Linear and Non-Linear Calibrations  
Calibration verification involves the calculation of the percent drift or the percent difference of the 
instrument response between the initial calibration and each subsequent analysis of the 
verification standard.  Use the equations shown in method SOPs to calculate % Drift or % 
Difference.  Verification standards are evaluated based on the % Difference from the average CF 
or RF of the initial calibration or based on % Drift or % Recovery if a linear or quadratic curve is 
used. 

Regardless of whether a linear or non-linear calibration model is used, if initial verification criterion 
is not met, then no sample analyses may take place until the calibration has been verified or a 
new initial calibration is performed that meets the specifications listed in the method SOPs.  If the 
calibration cannot be verified after the analysis of a single verification standard, then adjust the 
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instrument operating conditions and/or perform instrument maintenance, and analyze another 
aliquot of the verification standard.  If the calibration cannot be verified with the second standard, 
then a new initial calibration is performed. 

• When the acceptance criteria for the calibration verification are exceeded high, i.e., high 
bias, and there are associated samples that are non-detects, then those non-detects 
may be reported.  Otherwise, the samples affected by the unacceptable calibration 
verification shall be reanalyzed after a new calibration curve has been established, 
evaluated and accepted. 

• When the acceptance criteria for the calibration verification are exceeded low, i.e., low 
bias, those sample results may be reported if they exceed a maximum regulatory 
limit/decision level.  Otherwise, the samples affected by the unacceptable verification 
shall be reanalyzed after a new calibration curve has been established, evaluated and 
accepted.  Alternatively, a reporting limit standard may be analyzed to demonstrate that 
the laboratory can still support non-detects at their reporting limit. 

 
Note:  Refer to the applicable SOP for approved corrective actions when analyzing sample for 
the Ohio VAP. 
 

20.5 Tentatively Identified Compounds (TICs) – GC/MS Analysis  

For samples containing components not associated with the calibration standards, a library search 
may be made for the purpose of tentative identification.  The necessity to perform this type of 
identification is determined by the purpose of the analyses being conducted.  Data system library 
search routines do not use normalization routines that would misrepresent the library or unknown 
spectra when compared to each other. 

Note :  If the TIC compound is not part of the client target analyte list but is calibrated by the 
laboratory and is both qualitatively and/or quantitatively identifiable, it must not be reported as a 
TIC.  If the compound is reported on the same form as true TICs, it must be qualified and/or 
narrated that the reported compound is qualitatively and quantitatively (if verification in control) 
reported compared to a known standard that is in control (where applicable). 

Note : TestAmerica Nashville cannot provide ‘certified data’ for TICs under the Ohio VAP. 

For example, the RCRA permit or waste delisting requirements may require the reporting of non-
target analytes.  Only after visual comparison of sample spectra with the likely library spectra may 
the analyst assign a tentative identification.  

20.6 GC/MS Tuning  

Prior to beginning any GCMS analytical sequence, including calibration, the instrument 
parameters for the tune and subsequent sample analyses within that sequence must be set. 

Prior to tuning/auto-tuning the mass spectrometer, operating parameters may be adjusted within 
the specifications set by the manufacturer or the analytical method.  These generally do not need 
any adjustment, but alteration may be required based on the current instrument performance.  If 
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the tune verification does not pass it may be necessary to clean the source or perform additional 
maintenance.  Any maintenance must be documented in the maintenance log. 
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Table 20-1.     Laboratory Equipment and Instrumentati on 
 

Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
ABSORPTION UNIT MITSUBISHI Sigma 10 7520591 1996 USED 
ACCELERATED 
SOLVENT 
EXTRACTOR 

DIONEX ASE200 02060437 2002 NEW 

ACCELERATED 
SOLVENT 
EXTRACTOR 

DIONEX ASE200 02060440 2002 NEW 

AUTO BOAT MITSUBISHI ABC 75A10673 1996 USED 
AUTOSAMPLER CENTAC 

TECHNOLOGIES 
ASX-510 120347ASX 2005 NEW 

AUTOSAMPLER AMERICAN 
PRECISION 

3i9A 9033 1992 1 

AUTOSAMPLER AMERICAN 
PRECISION 

32E-6108AY 9205 1992 1 

AUTOSAMPLER DIONEX ASI-100 4290509 2005 NEW 
AUTOSAMPLER DIONEX ASI-100 4440407 2005 NEW 
AUTOSAMPLER EST CENTURION CENT123020504 1 1 

AUTOSAMPLER EST CENTURION CENT153112904 1 1 

AUTOSAMPLER EST CENTURION CENT124030104 2004 1 

AUTOSAMPLER EST CENTURION CENT126030104 1 1 

AUTOSAMPLER EST CENTURION CENT197042106 1 1 

AUTOSAMPLER EST CENTURION CENT196041706 1 1 

AUTOSAMPLER EST CENTURION CENT171060705 1 1 

AUTOSAMPLER EST CENTURION CENT172060705 1 1 

AUTOSAMPLER EST CENTURION CENT176102105 1 1 

AUTOSAMPLER EST CENTURION CENT174060705 1 1 

AUTOSAMPLER EST CENTURION CENT198050106 1 1 

AUTOSAMPLER EST ENCON 215081902 1 1 

AUTOSAMPLER EST ENCON 219082202 1 1 

AUTOSAMPLER HEWLETT 
PACKARD 

718593B 3114A25542 1 1 

AUTOSAMPLER HEWLETT 
PACKARD 

HP7673 3247A30576 2005 1 

AUTOSAMPLER HEWLETT 
PACKARD 

HP7673 3514A42318 1 1 

AUTOSAMPLER HEWLETT 
PACKARD 

HP7673A 2843A1152 1 1 

AUTOSAMPLER HEWLETT 
PACKARD 

HP7673 3248A33147 1 1 

AUTOSAMPLER HEWLETT 
PACKARD 

HP7673 2546A01716 1 1 

AUTOSAMPLER HEWLETT 
PACKARD 

HP7673 3514A42318 2007 USED 

AUTOSAMPLER SHIMADZU SIL-10A 60341F 1997 NEW 
AUTOSAMPLER SHIMADZU SIL-10A C20363506886 1999 NEW 
AUTOSAMPLER SHIMADZU SIL-10A C20363506585 1999  NEW 
AUTOSAMPLER SHIMADZU AOC20i C11143602454 1 1 

AUTOSAMPLER SUPERIOR 
ELECTRIC 

MO61-LF-517 A218524 1992 
OR 93 

1 
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Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
AUTOSAMPLER SUPERIOR 

ELECTRIC 
MO61-LF-517 033473653 2003 1 

AUTOSAMPLER SUPERIOR 
ELECTRIC 

MO61-LF-517 040939389 2004 1 

AUTOSAMPLER THERMO 
JARRELL ASH 

AS300 12677003 1994 NEW 

AUTOSAMPLER THERMO 
JARRELL ASH 

AS300 0492 1997 NEW 

AUTOSAMPLER THERMO 
JARRELL ASH 

AS300 67247 1998 USED 

AUTOSAMPLER OI ANALYTICAL 4552 LR92489 1998 NEW 
AUTOSAMPLER VARIAN ARCHON 11798-895 1 1 

AUTOSAMPLER VARIAN ARCHON 12314 1998 NEW 
AUTOSAMPLER VARIAN ARCHON  13735 2002 NEW 
AUTOSAMPLER VARIAN ARCHON  13790 2002 NEW 
AUTOSAMPLER VARIAN ARCHON  13800 2002 NEW 
AUTOSAMPLER VARIAN ARCHON 12201 1998 NEW 
AUTOSAMPLER VARIAN ARCHON 12194 1998 NEW 
AUTOSAMPLER VARIAN ARCHON 12307 1998 NEW 
AUTOSAMPLER VARIAN ARCHON 12761 1998 NEW 
AUTOSAMPLER VARIAN ARCHON 12974 1999 NEW 
AUTOSAMPLER VARIAN ARCHON 13161 1 1 

AUTOSAMPLER VARIAN ARCHON 13812 1 1 

AUTOSAMPLER VARIAN ARCHON 13765 1 1 

AUTOSAMPLER VARIAN ARCHON 12945 1 1 

AUTOSAMPLER VARIAN ARCHON 13722 1 1 

AUTOSAMPLER VARIAN ARCHON 12920 1 1 

AUTOSAMPLER VARIAN ARCHON 13600 1 1 

AUTOSAMPLER VARIAN ARCHON 13641 1 1 

AUTOSAMPLER VARIAN ARCHON 13087 1997 NEW 
AUTOSAMPLER VARIAN ARCHON 12958 1996 USED 
AUTOSAMPLER VARIAN ARCHON 13748 1995 NEW 
AUTOSAMPLER VARIAN ARCHON 13291 1994 NEW 
AUTOSAMPLER VARIAN ARCHON 13077 1 1 

AUTOSAMPLER VARIAN ARCHON 13723 2006 USED 
AUTOSAMPLER VARIAN ARCHON 13165 1994 NEW 
AUTOSAMPLER 
TOWER 

HEWLETT 
PACKARD 

18596C 3530A43392 1 1 

AUTOSAMPLER 
TOWER 

HEWLETT 
PACKARD 

18596C 3120A26333 1 1 

AUTOSAMPLER 
TOWER 

HEWLETT 
PACKARD 

18596C 3120A27415 1 1 

AUTOSAMPLER 
TOWER 

HEWLETT 
PACKARD 

18593A 2843A1162 1 1 

AUTOSAMPLER 
TOWER 

HEWLETT 
PACKARD 

18593B 3114A25542 1 1 

AUTOSAMPLER 
TOWER 

HEWLETT 
PACKARD 

18593B 3447A40940 1 1 

AUTOSAMPLER 
TOWER 

AGILENT 7683 US03815233 1 1 
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Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
AUTOSAMPLER 
TOWER 

AGILENT 7683 US91807060 1 1 

AUTOSAMPLER 
TOWER 

AGILENT 7683 US94209739 1 1 

AUTOSAMPLER 
TOWER 

AGILENT 7683 US00411367 1 1 

AUTOSAMPLER 
TOWER 

AGILENT 7683 CN30729442 2010 USED 

AUTOSAMPLER 
TOWER 

AGILENT 1200 DE64775625 2010 NEW 

AUTOSAMPLER 
TOWER 

HEWLETT 
PACKARD 

7673 3351A37407 2010 AUTOSA
MPLER 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

18593B 3106A21456 1 1 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

18593B 3415A35076 1 1 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

18593B 3339A33311 1 1 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

 3348A31236 1 1 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

 (unreadable) 1 1 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

 3131A25799 1 1 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

 3304A31194 1 1 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

6890 3514A42318 2010 USED 

AUTOSAMPLER 
TRAY 

HEWLETT 
PACKARD 

6890 3415A35076 2010 USED 

AUTOSAMPLER 
TRAY 

AGILENT  7683 US82601220 1 1 

AUTOSAMPLER 
TRAY 

AGILENT  7683 US81100420 1 1 

AUTOSAMPLER 
TRAY 

AGILENT  7683 US24314927 1 1 

AUTOSAMPLER 
TRAY 

AGILENT  7683 US00407128 1 1 

AUTOSAMPLER 
TRAY 

AGILENT  7683 CN91653019 2010 USED 

AUTOSAMPLER 
TRAY 

AGILENT  1200 DE64775625 2010 NEW 

AUTOSAMPLER 
TRAY 

EST  CENTURION 
WS 

CENTS1570526
10 

2010 
USED 

 

AUTOSAMPLER 
WITH HEADSPACE 

MARKELOV HS9000 HS121053007 2007 NEW 

AUTOSAMPLER 
WITH HEADSPACE 

MARKELOV HS9000 HS120053007 2007 NEW 

BALANCE METTLER AE240 N28161 1993 NEW 
BALANCE METTLER PB602-S 1118381704 1 1 
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Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
BALANCE METTLER PB602 1117421936 1 1 

BALANCE METTLER PB602-S 1126143319 2005 NEW 
BALANCE METTLER PG802 1115352767 1 1 

BALANCE METTLER PB602-S 1120430697 1 NEW 
BALANCE METTLER AE200 F15224 1 1 

BALANCE METTLER PM600T H19877 1 1 

BALANCE METTLER PB302 1116383230 1 1 

BALANCE METTLER AE200 L94571 1 1 

BALANCE METTLER PG203-S 119331062 1 NEW 
BALANCE METTLER AE200 J63202 1 NEW 
BALANCE METTLER PL601-S 1202140224 1 NEW 
BALANCE METTLER AG204 1122173241 2003 NEW 
BLOCK DIGESTOR LACHAT BE – 46 100400000973 2010 NEW 
BOD ANALYZER MANTEC PC-BOD PC-1805-00 2013 USED 
BOD INCUBATOR FISHER 307 WB05105311 1990 NEW 
BOD INCUBATOR FISHER FU199ERWI FGL52777 1989 USED 
BOD INCUBATOR KENMORE 253.65802508 BA73420257 2008 NEW 
BOD INCUBATOR EQUATHERM HA757376 TA14SLB 1992 USED 
CALORIMETER PARR 1341 5427 1986 NEW 
CENTRIFUGE BECKMAN ALLEGRA 6 ALS08D16 2009 NEW 
CENTRIFUGE CLAY ADAMS DYNAC III 

420104 
3820031 1 NEW 

CENTRIFUGE CLAY ADAMS DYNAC III 
420104 

4150009 1 NEW 

CHILLER NESLAB CFT-33 293223 1993 NEW 
COD REACTOR HACH DR 3900 1415997 2011 NEW 
COD REACTOR HACH DR 6000 1509235 2013 NEW 
CONDUCTIVITY 
METER 

WTW 330i 0148004 2002 NEW 

DISCRETE 
ANALYZER 

KONELAB AQUA 20 E0719526 2004 NEW 

DISCRETE 
ANALYZER 

KONELAB AQUA 20 S2419226 2009 USED 

DISCRETE 
ANALYZER 

KONELAB AQUA 20 E07 19524 2011 USED 

DISSOLVED OXYGEN 
METER 

YSI 5100 00B0314 2000 NEW 

DISSOLVED OXYGEN 
METER 

YSI 5100 00D0552 2000 NEW 

DISSOLVED OXYGEN 
METER 

YSI 5100 08C 101838 2013 NEW 

FLASHPOINT 
TESTER, AUTO 

PETROLAB PMA-4 741 1997 NEW 

FLASHPOINT 
TESTER, AUTO 

PETROLAB PMA-4 741 1997 NEW 

FLASHPOINT, OPEN 
CUP 

FISHER -- 201N0005 2002 NEW 

FLASHPOINT, 
PENSKY-MARTENS 

FISHER 13-497-5 1787 1986 NEW 

FLOW INJECTION 
ANALYZER 

LACHAT 8000 A83000234 1995 NEW 
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Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
FLOW INJECTION 
ANALYZER 

LACHAT 8500 FIA 050600000167 2008 USED 

FLOW INJECTION 
ANALYZER 

LACHAT 8500 090400001098 2009 NEW 

FLOW INJECTION 
ANALYZER 

LACHAT 8500 Series 2 1208400000144
5 

2012 New 

FLUOROMETER SEQUOIA - 
TURNER 

450 B002262TV 1992 NEW 

FURNACE THERMOLYN 30400 10599810039263 1984 NEW 
GC w/ECD/ECD PERKIN ELMER AUTOSYS 610N9122009 2000 NEW 
GC w/ECD/ECD HEWLETT 

PACKARD 
6890 US00011427 2000 NEW 

GC w/ECD/ECD HEWLETT 
PACKARD 

5890 3336A61865 2006 USED 

GC w/ECD/ECD HEWLETT 
PACKARD 

5890 3336A51644 2007 USED 

GC w/ECD/ECD HEWLETT 
PACKARD 

7890A CN10734082 2009 NEW 

GC w/FID HEWLETT 
PACKARD 

5890 3336A52049 1998 NEW 

GC w/FID HEWLETT 
PACKARD 

5890 2950A27678 1 1 

GC w/FID HEWLETT 
PACKARD 

5890 3108A34413 1999 USED 

GC w/FID HEWLETT 
PACKARD 

5890 3235A45233 2006 USED 

GC w/FID HEWLETT 
PACKARD 

5890 2950A26161 2006 USED 

      
GC w/FID HEWLETT 

PACKARD 
5890/7673 3235A45233 2006 USED 

GC w/FID HEWLETT 
PACKARD 

5890 3336A51997 2006 USED 

GC w/FID HEWLETT 
PACKARD 

5890 3235A46759 2009 USED 

GC w/FID HEWLETT 
PACKARD 

6890/7683 US00029922 2010 USED 

GC w/FID HEWLETT 
PACKARD 

6890 US00010165 2010 USED 

GC w/FID HEWLETT 
PACKARD 

5890 3336A61864 2010 USED 

GC w/FID HEWLETT 
PACKARD 

6890 CN10727030 2010 NEW 

      
      
GC w/FID SHIMADZU 17A C11123580493 1998 NEW 
GC w/FID SHIMADZU 17A C11123781625 1999 NEW 
GC w/FID SHIMADZU 17A C11123781731 1999 NEW 
GC w/NPD/FPD PERKIN ELMER CLARUS 500 650N4061602 2004 NEW 
GC w/PID/FID HEWLETT 

PACKARD 
5890 3027A29703 2001 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3126A36232 1998 USED 
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Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
GC w/PID/FID HEWLETT 

PACKARD 
5890 2908A91269 1990 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3133A37656 1996 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3203A42091 1996 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3336A58503 1998 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 2938A24989 1998 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3336A50264 1998 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 2938A25493 1998 USED 

GC w/PID/FID HEWLETT 
PACKARD 

6890 US00041322 2002 NEW 

GC w/PID/FID HEWLETT 
PACKARD 

6890 US00041324 2002 NEW 

GC w/PID/FID HEWLETT 
PACKARD 

6890 US00027429 2002 NEW 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3336A60618 2003 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 DE00003878 2003 NEW 

GC w/PID/FID HEWLETT 
PACKARD 

6890N US10350005 2004 NEW 

GC w/PID/FID HEWLETT 
PACKARD 

6890N US10350002 2004 NEW 

GC w/PID/FID HEWLETT 
PACKARD 

5890 2950A27370 2005 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3223A43282 2005 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3019A28662 2005 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3203A41711 2006 USED 

GC w/PID/FID HEWLETT 
PACKARD 

5890 3203A41407 2007 USED 

GC/MS HEWLETT 
PACKARD 

5890II/5972 3307A00396 1997 USED 

GC/MS HEWLETT 
PACKARD 

5890II/5972 3329A00693 1994 NEW 

GC/MS HEWLETT 
PACKARD 

5890II5972 3501A02393 1995 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973 US82311321 1999 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US80210937 1999 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US94222434 2000 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973N US01140208s 2000 NEW 

GC/MS HEWLETT 
PACKARD 

G1530A/ 
G1099A 

US91421544 1999 NEW 
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Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
GC/MS HEWLETT 

PACKARD 
6890/5973 US81221486 2000 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973 US91921735 2000 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973 US94212231 2000 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973 US94211203 2000 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973 US94260109 2001 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973N US03340475 2001 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973N US03340479 2002 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973N US21844021 2002 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973N US21844025 2002 NEW 

GC/MS HEWLETT 
PACKARD 

5890/5972 3336A57928 2004 USED 

GC/MS HEWLETT 
PACKARD 

5890/5972 3235A44162 2005 USED 

GC/MS HEWLETT 
PACKARD 

5890/5972 2423A01966 2005 USED 

GC/MS HEWLETT 
PACKARD 

5890/5973 US00027481 2005 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 4510250045 2005 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US00037997 2006 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US00037995 2006 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US00027177 2006 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US00033436 2006 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US00008026 2006 USED 

      
GC/MS HEWLETT 

PACKARD 
6890/5973 US00022412 2008 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US10462174 2009 NEW 

GC/MS HEWLETT 
PACKARD 

6890/5973 US10204013 2010 USED 

GC/MS HEWLETT 
PACKARD 

6890/5973 US00006290 2013 USED 

GC/MS w/ENTEC 
CONCENTRATOR 

HEWLETT 
PACKARD 

6890/5973N US10450528 2001 NEW 

HEADSPACE 
ANALYZER 

TEKMAR 7000 91242001 2001 USED 

HOTPLATES  THERMODYNE CIMAREC 3  1991 - NEW 
HPLC  DIONEX TCC-100MSV 1280301 2005 NEW 
HPLC  AGILENT 1200 DE60555493 2010 NEW 
HPLC AGILENT 1200 DE62964850 2012 NEW 



Document No.: 0001 
Revision No.:  24 

Effective Date: August 1, 2014  
Page 112 of 195 

 

Company Confidential & Proprietary 

Table 20-1: 
Equipment/ 
Instrument 

 
 

Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
ICP – TRACE THERMO-

FISHER 
6500 20100905 2010 NEW 

ICP – TRACE THERMO 
SCIENTIFIC 

ICAP 6000 
SERIES 

20084103 2009 NEW 

ICP – TRACE THERMO 
SCIENTIFIC 

ICAP 6000 
SERIES 

20122509 2012 NEW 

ICP/MS HEWLETT 
PACKARD 

7500CE JP51201460 2005 NEW 

ICP/MS HEWLETT 
PACKARD 

7500CX JP51202170 2013 NEW 

      
ION CHROMATO-
GRAPH 

METROHM 861 04168 2010 NEW 

ION CHROMATO-
GRAPH 

METROHM 861 07200 2010 NEW 

ION CHROMATO-
GRAPH 

METROHM 861 03135 2010 NEW 

MERCURY 
ANALYZER 

LEEMAN Hydra II 0031 2010 NEW 

MERCURY 
ANALYZER 

LEEMAN HYDRA II 0002 2010 NEW 

MICROWAVE CEM MARS XPRESS 
907501 

MD2979 2009 NEW 

MICROWAVE CEM MARS XPRESS 
907501 

MD8469 2006 NEW 

MIDI-DISTILLATION ANDREWS 
GLASS 

 MCVA1290374 1994 NEW 

MIDI-DISTILLATION WESTCO EASY-DIST EA-1006 1996 NEW 
OVEN BLUE M SW11TA1 SW3034 1989 NEW 
OVEN BLUE M SW17TA1 SW7252 1993 NEW 
OVEN BLUE M SWIITA-1 SW3990 1 1 

OVEN FISHER ISOTEMP 650G 803N0038 1 1 

OVEN FISHER ISOTEMP 516G 903N0083 1 1 

OVEN FISHER 500 51100409 1 1 

OVEN NAPCO 620 (ILLEGIBLE) 1 1 

OVEN FISHER ISOTEMP 650G 202N0036 2002 NEW 
OVEN FISHER 6926 608516-30 2010 NEW 
OVEN FISHER 6926 275812-45 2011 NEW 
OVEN FISHER 6926 275828-62 2011 New 
OXYGEN PROBE ORION 97-08-00  1991 NEW 
pH METER ORION 330 32663 1999 NEW 
      
pH METER ORION 330 32663 1999 NEW 
pH/mv METER ACCUMET AB15 AB92331859 2009 NEW 
pH/mv METER ACCUMET AB15 642122 2011 NEW 
pH/mv METER ACCUMET AB15 AB92340881 2013 NEW 
pH/mv METER ACCUMET AB15 AB92333068 2013 NEW 
pH/mv METER ACCUMET AB150 AB92340683 2013 NEW 
pH/mv METER ACCUMET AB15 AB92337680 1 1 
PURGE/TRAP EST ENCON 217082202 E 1997 NEW 
PURGE/TRAP EST ENCON 126112900 E 1997 NEW 
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Manufacturer 

 
 

Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
PURGE/TRAP EST ENCON 216081902 E 1994  NEW 
PURGE/TRAP EST ENCON 218082202 E 1994 NEW 
PURGE/TRAP EST ENCON 215081902E/P 1 1 

PURGE/TRAP EST ENCON 219082202E/P 1 1 

PURGE/TRAP EST ENCON 237082022 2006 USED 
PURGE/TRAP EST ENCON 126112900 2006 USED 
PURGE/TRAP HEWLETT 

PACKARD 
G1900-60500 3651A10630 1995  NEW 

PURGE/TRAP HEWLETT 
PACKARD 

3000 3636A10579 1 1 

PURGE/TRAP TEKMAR 3000 93251007 1993 NEW 
PURGE/TRAP TEKMAR 3000 95093006 1995 NEW 
PURGE/TRAP TEKMAR 3000 99053016 2003 1 

PURGE/TRAP TEKMAR 3000 94057008 1 1 

PURGE/TRAP TEKMAR 3000 98236009 1 1 

PURGE/TRAP TEKMAR 3000 98139001 1 1 

PURGE/TRAP TEKMAR 3000 98098001 1 1 

PURGE/TRAP TEKMAR 3000 98364008 1 1 

PURGE/TRAP TEKMAR 3000 93316011 1 1 

PURGE/TRAP TEKMAR 3000 94252002 1 1 

PURGE/TRAP TEKMAR 3000 98111004 1 1 

PURGE/TRAP TEKMAR 3000 93334005 1 1 

PURGE/TRAP TEKMAR 3000 95144001 1 1 

PURGE/TRAP TEKMAR 3000 95166007 1 1 

PURGE/TRAP TEKMAR 3000 94266005 1 1 

PURGE/TRAP TEKMAR 3000 99196020 1 1 

PURGE/TRAP TEKMAR 3000 97009013 1 1 

PURGE/TRAP TEKMAR 3000 98092002 1 1 

PURGE/TRAP TEKMAR 3000 995207010 1 1 

PURGE/TRAP TEKMAR 3000 98008002 1 1 

PURGE/TRAP TEKMAR 3000 3449A10215 1 1 

PURGE/TRAP TEKMAR 3000 95153007 1 1 

PURGE/TRAP TEKMAR 3000 98229017 1 1 

PURGE/TRAP TEKMAR 3000 94005035 1 1 

PURGE/TRAP TEKMAR 3000 94005015 1 1 

PURGE/TRAP TEKMAR 3000 96325013 1 1 

PURGE/TRAP TEKMAR 3000 93170002 1 1 

PURGE/TRAP TEKMAR 3000 99076004 1 1 

PURGE/TRAP TEKMAR LCS-3000 94067010 2002 NEW 
PURGE/TRAP TEKMAR 3100 02115005 1 1 

PURGE/TRAP TEKMAR 3100 00104011 1 1 

PURGE/TRAP TEKMAR 3100 00104012 1996 USED 
PURGE/TRAP TEKMAR 3100 99305025 1 1 

PURGE/TRAP TEKMAR 3100 US01354002 2004 1 

PURGE/TRAP TEKMAR 3100 US02249003 2004 1 

PURGE/TRAP TEKMAR 3100 US02155008 1 1 

PURGE/TRAP TEKMAR 3100 US02326003 1 1 

PURGE/TRAP TEKMAR 3100 95129003 1 1 

PURGE/TRAP TEKMAR 3100 94104002 1 1 
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Model Number 

 
 

Serial Number 

Year 
Put into 
Service 

Condition 
When 

Received 
PURGE/TRAP TEKMAR 3100 97273002 1 1 

RECIPROCAL WATER 
BATH 

NEW 
BRUNSWICK 
SCIENTIFIC 

R 76 400364888 2003 NEW 

ROTATOR ASSOC. DESIGN 3740-48BRE  1994 NEW 
SOLID PHASE 
EXTRACTOR 

HORIZON 
TECHNOLOGY 

SPE-3000XL 01-1200 2004 NEW 

SONICATOR SONICS & 
MATERIALS 

VCX600 28785F 1999 NEW 

SONICATOR SONICS & 
MATERIALS 

VC750 31469F 2000 NEW 

SONICATOR SONICS & 
MATERIALS 

VC750 37577G 2000 NEW 

SONICATOR SONICS & 
MATERIALS 

VC750 59927AC 2003 NEW 

SONICATOR SONICS & 
MATERIALS 

VC750 59933AC 2010 NEW 

SONICATOR MISONIX XL2020 G4428 2012 USED 
SOXHLET 
EXTRACTOR, 
AUTOMATED 

GERHARDT MULTISTAT 
SX/PC 

NA 2007 NEW 

SOXHLET 
EXTRACTOR, 
AUTOMATED 

GERHARDT MULTISTAT 
SX/PC 

NA 2007 NEW 

SOXHLET 
EXTRACTOR, 
AUTOMATED 

GERHARDT MULTISTAT 
SX/PC 

NA 2007 NEW 

SOXHLET 
EXTRACTOR, 
AUTOMATED 

GERHARDT MULTISTAT 
SX/PC 

NA 2007 NEW 

THERMOMETER 
(NIST) 

ERTCO ASTM 62C 4240 2004 NEW 

THERMOMETER 
(NIST) 

ERTCO ASTM 62C 4254 2004 NEW 

THERMOMETER 
(NIST) 

ERTCO 1007 3161 2006 NEW 

THERMOMETER 
(NIST) 

ERTCO 1007 3437 2009 NEW 

TITRATOR, AUTO MAN-TECH PCM-1104-00 MS-OC7-752 2008 NEW 
TITRATOR, AUTO MAN-TECH PC-1000.688 MS-1A1-603 2011 NEW 
TITRATOR, AUTO MAN-TECH PCM-1104-00 MS-OG2-312 2012 USED 
TOC SHIMADZU TOC-VCSN H51204635241 2009 NEW 
TOC O.I. 

ANALYTICAL 
1030W F923730891 

AUTOSAMPLER: 
612788821 

2009 NEW 

TOC W/SOLIDS 
OPTION 

SHIMADZU TOC-VCSN H51204635241 2009 NEW 

TOX MITSUBISHI SIGMA 10 75R00110 1998 USED 
TOX MITSUBISHI TOX-100 A7M41934 2009 USED 
TOX MITSUBISHI TOX-10Σ 75R0328A 2013 USED 
TOX MITSUBISHI TOX-100 A7M21109 2013 USED 
TOX MITSUBISHI AOX-200 E7B20262 2012 USED 
TURBIDIMETER HF DRT – 100B 602164 2000 NEW 
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Put into 
Service 
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Received 
TURBIDIMETER HF MICRO 100 201008129 2010 NEW 
UV/VIS SHIMADZU 1601 A10753782132 2001 NEW 
UV/VIS SHIMADZU UV-1800 A11454830564 2010 NEW 
UV/VIS THERMO SPECTRONIC 

200 
8A2R232004 2013 NEW 

ZHE PRESSURE MILLIPORE T316 22361028 1993 NEW 
ZHE ROTATOR (4) MILLIPORE Z3 455TR4042 1990 NEW 
 
1Although equipment is operational and calibration maintained, this information is not available. 
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Table 20-2.  Preventive Maintenance Procedures for Lab oratory Equipment 
Table 20-2: 

Instrument/Equipment 
Type Activity Frequency 

Change septum Monthly 
Check gases Daily 
Replace or clip column Yearly 
Check autosampler seals Each day of use 
Replace liners Monthly 

Gas Chromatograph 

Clean or replace PID lamp Quarterly 
Check seals for leakage Each day of use 
Replace seals/valves Yearly 

Liquid Chromatography 

Replace column Yearly 
Change Merlin (SVOC only) Quarterly 
Bake trap (VOC only) Each day of use 
Clean source Quarterly 
Change vacuum pump oil Biannually 
Replace liner (SVOC only) Each day of use 

GC/MS 

Replace column Yearly 
Torch inspection Each day of use 
Inspect filters Each day of use 
Change filters Yearly 
Inspect pump tubing  Each day of use 
Change pump tubing Quarterly 
Inspect contact rings Each day of use 
Clean windows Each day of use 
Align lamp Each day of use 

ICP 

Clean Cores Quarterly 
Mercury Analyzer Inspect tubes and reagents Each day of use 

Check power output Weekly Microwave 
Check rotation Each day of use 

pH Meter Inspect electrode Each day of use 
Verify rotation Each day of use TCLP Extractors 

And Zero Headspace 
Extractors 

Check for leakage Each day of use 

Clean sample compartment Monthly 
Auto-check calibration Daily at start-up 

UV/VIS Spectrometer 

Wavelength calibration Biannually 
Check gas flow Each day of use 
Check fluid level (IC reservoirs) Each day of use 
Replace “O” rings Biannually 
Check needle Each day of use 
Replace scrubbers (halogen and 
CO2) 

Yearly 

Replace catalyst Yearly 

Total Organic Carbon 
Analyzer 

Check acids/oxidizer Each day of use 
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Table 20-2: 
Instrument/Equipment 

Type Activity Frequency 
Clean cell Each day of use Total Organic Halogen 

Analyzer Check electrode levels Each day of use 
Clean pan Each day of use 
Check calibration Each day of use 

Weighing balances 

  
Temperature devices:  
refrigerators, incuba-
tors, evaporators, flash 
point tester, COD re-
actor, water circulator, 
drying ovens 

Monitor temperature Daily or when used (refrigerators 
2 times per day) 

Ultrasonic Disruptors Clean, Tune by depressing 
tuning button while adjusting % 
output knob until lowest reading 
is obtained.  For dual head, 
disconnect one horn at a time. 

Each day of use 

Perform “start-up” Monthly 
Clear daily files Each day of use 
Check water and waste 
container; empty if needed 

Weekly 

Check cuvette bin Weekly 
Check syringe plunger tip; 
replace syringe 

Biannually 

Save database to CD Monthly 
Delete messages Monthly 

Discrete Analyzer 

Replace lamp Biannually 
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Table 20-3.  Periodic Calibration 
 

Table 20-3: 
Instrument 

Type of Calibration/  
Number of Standards Frequency 

Acceptance 
Limits Corrective Action 

Analytical 
Balance 
 

Accuracy determined using 
A2LA-accredited NIST weights. 
 
Minimum of 2 standards 
bracketing the weight of interest. 

Calibrated semi-
annually.  Daily 
calibration verification 
prior to use. 
 

± 0.2% Clean, check level, insure lack of 
drafts, and that unit is warmed 
up, recheck.  If fails, call service. 

Top Loading 
Balance 
 

Accuracy determined using 
A2LA-accredited NIST weights. 
 
Minimum of 2 standards 
bracketing the weight of interest. 

Calibrated semi-
annually. Daily 
calibration verification 
prior to use. 

± 0.5% Clean. Replace. 

A2LA-accredited 
NIST Weights 
 

Accuracy determined by 
accredited weights and 
measurement laboratory. 

1 year As per 
certificate. 

Replace. 

NIST-Traceable 
Thermo-meter 
 

Accuracy determined by A2LA-
accredited weights and 
measurement laboratory. 
 

1 year As per 
certificate. 

Replace. 

Thermo-meter 
(liquid) 

Against NIST-traceable 
thermometer 

Yearly at appropriate 
temperature range for 
intended use 

± 2.0°C 
 

Replace 

Minimum-Maximum 
Thermo-meters 

Against NIST-traceable 
thermometer 

Yearly ± 2.0°C 
 

Replace 

InfraRed 
Temperature Guns 

Against NIST-traceable 
thermometer 

Quarterly at appropriate 
temperature range for 
intended use. 

± 1.5°C Repair/replace 

Dial-type Therm-
ometers 

Against NIST-traceable 
thermometer 

Yearly at appropriate 
temperature range for 
intended use. 

± 2.0°C 
 

Replace 

Digital Therm-
ometers 

Against NIST-traceable 
thermometer  

Quarterly ±2.0oC 
 

Replace 
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Instrument 

Type of Calibration/  
Number of Standards Frequency 

Acceptance 
Limits Corrective Action 

Refrigerator 
 

Temperature checked using NIST-
traceable thermometer. 

Daily.  If out of range, 
check again after two 
readings (four hours). 

2.7 ± 1.7°C Adjust.  Repair. While waiting for 
repair, seal door, attach “Out of 
Service” sign, move items to 
functional unit.  Notify supervisor. 

Freezer Temperature checked using NIST-
traceable thermometer 

Daily.  If out of range, 
check again after two 
readings (four hours). 

(-10)-(-20)°C Adjust.  Repair. While waiting for 
repair, seal door, attach “Out of 
Service” sign, move items to 
functional unit.  Notify supervisor. 

Oven 
 

Temperature checked using NIST-
traceable thermometer. 

When in use. 103 ± 1°C  
(drying) 

180 ± 2°C 
(TDS) 

Adjust. Replace. 

Incubator 
 

Temperature checked using NIST-
traceable thermometer. 

When in use.   
 

BOD:  20 ± 
1.0°C 

 

Adjust. Replace. 

Water Bath  Temperature checked using NIST-
traceable thermometer. 

When in use.   
 

± 2°C Adjust. Replace. 

Volumetric 
Dispensing Devices 
(Eppendorf ® 
pipette, automatic 
dilutor or 
dispensing devices) 
 

One delivery by weight. 
Using DI water or Methanol, 
dispense into tared vessel.  Record 
weight with device ID number. 
 
Note:  For dispensers not used for 
analytical measurements, a label is 
applied to the device stating that it 
is not calibrated. 

Quarterly  ± 2% 
Calculate 

accuracy by 
using controlled 
spreadsheets. 

Adjust. Replace. 

Glass Microliter 
Syringes 

Syringes greater than 25 ul require 
calibration 

Semi-annually  ± 2% 
 

Replace. 

Conductivity Meter 
 

Cell impedance calibrated with 
three KCl standards. 

Each use. r ≥ 0.99  
+/- check std 

methods 

Recalibrate. 

Deionized Water Check in-line conductivity meter on 
system with conductivity meter in 
Inorganics Department. 

Weekly <10 µmhos/cm2 Record on log.  Report discrepancies 
to Technical Manager. 
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Type of Calibration/  
Number of Standards Frequency 

Acceptance 
Limits Corrective Action 

Barometer Barometric pressure checked 
against 17025 standards 

Yearly ±5 mBars Replace. 
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SECTION 21. MEASUREMENT TRACEABILITY  

21.1 Overview  

Traceability of measurements shall be assured using a system of documentation, calibration, 
and analysis of reference standards.  Items of laboratory equipment that are peripheral to 
analysis and whose calibration is not necessarily documented in a test method analysis or by 
analysis of a reference standard are subject to ongoing certifications of accuracy.  At a 
minimum, these must include procedures for checking specifications of ancillary equipment:  
balances, thermometers, temperature, deionized (DI) and reverse osmosis (RO) water systems, 
automatic pipettes, and other volumetric measuring devices.  With the exception of Class A 
glassware and glass microliter syringes that have a certificate of accuracy, quarterly accuracy 
checks are performed for all mechanical volumetric devices.  Microsyringes are verified at least 
semiannually or disposed of after 6 months.  Wherever possible, subsidiary or peripheral 
equipment is checked against standard equipment or standards that are traceable to national or 
international standards.  Class A glassware and glass microliter syringes should be routinely 
inspected for chips, acid etching, or other deformity (e.g., bent needle).  If the Class A 
glassware or syringe is suspect, the accuracy of the item must be assessed prior to use or it 
must be replaced.    

21.2 NIST-Traceable Weights and Thermometers  

Reference standards of measurement are used for calibration only and for no other purpose 
unless it can be shown that their performance as reference standards would not be invalidated.  

For NIST-traceable weights and thermometers, the laboratory requires that all calibrations be 
conducted by a calibration laboratory accredited by A2LA, NVLAP (National Voluntary 
Laboratory Accreditation Program), APLAC (Asia-Pacific Laboratory Accreditation Cooperation), 
or EA (European Cooperation for Accreditation).  A calibration certificate and scope of 
accreditation are kept on file at the laboratory.   

The calibration laboratory’s policy for achieving measurement traceability is defined and 
includes the following elements of uncertainty: 

• The uncertainty calculations of the calibration laboratory are supported by uncertainty 
budgets and are represented by expanded uncertainties typically using a coverage 
factor of k=2 to approximate the 95% confidence level.  This explanation must 
accompany the measurement result and the associated uncertainty value. 

• The tolerance uncertainty ratio (TUR) must be calculated using the expanded 
uncertainty of the measurement, not the collective uncertainty of the measurement 
standards.  A statement to this effect must accompany the TUR along with the coverage 
factor and confidence level. 

The calibration report or certificate submitted to TestAmerica Nashville must contain, in a well 
designed format, a traceability statement, the conditions under which the calibrations were 
made in the context of any potential influence, a compliance statement with an identified 
metrological specification and the pertinent clauses, a clearly identified record of the quantities 
and functional test results before and after re-calibration, and no recommendation on the 
calibration interval.  Opinions and interpretations of results are presented along with the basis 
upon which they were made and identified as such.  The report may be submitted by facsimile 
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or other electronic means as long as the requirements of the International Standard are 
achieved.  If significant amendments are made to a calibration certificate, a supplemental 
certificate for the serial-number-specified piece of equipment is so identified.  When a new 
certificate is offered, it uniquely identifies and references the one it replaces.  All calibration 
reports are filed in the QA Office or scanned to a network folder.   

The calibration laboratory supports in-house calibration systems:  documented procedures for 
in-house calibrations, evidence by a report, certificate, or sticker, for an appropriate amount of 
time; training records of calibration personnel; certificates from accreditation services 
demonstrating traceability to national or international standards of measurement; procedures for 
evaluating measurement uncertainty; timely and documented recalibration of reference 
standards.  When subcontracting to a calibration laboratory, TestAmerica Nashville does not 
use a firm who subcontracts the work. 

An external certified service engineer services laboratory balances on an annual basis.  This 
service is documented on each balance with a signed and dated certification sticker.  Balance 
calibrations are checked each day of use.  All mercury thermometers are calibrated annually 
against a traceable reference thermometer. Temperature readings of ovens, refrigerators, and 
incubators are checked on each day of use. 

21.3 Reference Standards / Materials  

Reference standards/materials, where commercially available, are traceable to certified 
reference materials.  Commercially prepared reference standards, to the extent available, are 
purchased from vendors that are accredited to ISO Guide 34 and ISO/IEC Guide 17025.  All 
reference standards from commercial vendors shall be accompanied with a certificate that 
includes at least the following information:   

• Manufacturer 

• Analytes or parameters calibrated 

• Identification or lot number 

• Calibration method 

• Concentration with associated uncertainties 

• Purity 

If a standard cannot be purchased from a vendor that supplies a Certificate of Analysis, the 
purity of the standard is documented by analysis.  The receipt of all reference standards must 
be documented.  Reference standards are labeled with a description of the standard, a unique 
Standard Identification Number and expiration date.  All documentation received with the 
reference standard is retained as a QC record and references the Standard Identification 
Number. 

All reference, primary, and working standards/materials, whether commercially purchased or 
laboratory prepared, must be checked regularly to ensure that the variability of the standard or 
material from the ‘true’ value does not exceed method requirements.  The accuracy of 
calibration standards is checked by comparison with a standard from a second source.  In cases 
where a second standard manufacturer is not available, a vendor certified different lot is 
acceptable for use as a second source.  For unique situations, such as air analysis where no 
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other source or lot is available, a standard made by a different analyst would be considered a 
second source.  The appropriate Quality Control (QC) criteria for specific standards are defined 
in laboratory SOPs.  In most cases, the analysis of an Initial Calibration Verification (ICV) or 
LCS (where there is no sample preparation) is used as the second source confirmation.  These 
checks are generally performed as an integral part of the analysis method (e.g. calibration 
checks, laboratory control samples).  

All standards and materials must be stored and handled according to method or manufacturer’s 
requirements in order to prevent contamination or deterioration.  Refer to the Corporate 
Environmental Health & Safety Manual or laboratory SOPs.  For safety requirements, please 
refer to method SOPs and the laboratory Environmental Health and Safety Manual. 

Standards and reference materials shall not be used after their expiration dates unless their 
reliability is verified by the laboratory and their use is approved by the Quality Assurance 
Manager. The laboratory must have documented contingency procedures for re-verifying 
expired standards. 

21.4 Documentation and Labeling of Standards, Reagents, and Reference Materials  
At a minimum, reagents must be the purity cited in the applicable test method.  The date of 
reagent receipt and the expiration date are documented.  The lots for most of the common 
solvents and acids are tested for acceptability prior to company wide purchase.  Refer to SOP 
No. CA-Q-S-001, Solvent and Acid Lot Testing and Approval.  

All manufacturer- or vendor-supplied Certificates of Analysis or Purity must be retained, stored 
appropriately, and readily available for use and inspection.  These records are maintained in the 
analytical departments of the laboratory or are scanned electronically to folder on the network.  
Records must be kept of the date of receipt and date of expiration of standards, reagents, and 
reference materials.  In addition, records of preparation of laboratory standards, reagents, and 
reference materials must be retained, stored appropriately, and be readily available for use and 
inspection.  For detailed information on documentation and labeling, please refer to method 
specific SOPs and SOP Reagent and Standard Purchase, Preparation, Control Documentation / 
NV08-214. 

Commercial materials purchased for preparation of calibration solutions, spike solutions, etc., 
are usually accompanied with an assay certificate or the purity is noted on the label.  If the 
assay purity is 96% or better, the weight provided by the vendor may be used without 
correction.  If the assay purity is less than 96% a correction must be made to concentrations 
applied to solutions prepared from the stock commercial material.  Blended gas standard 
cylinders use a nominal concentration if the certified value is within ±15%, oetherwise the 
certified value is used for the canister concentration. 

21.4.1 All standards, reagents, and reference materials must be labeled in an unambiguous 
manner.  Standards are logged into the laboratory’s LIMS system and are assigned a unique 
identification number.  The following information is typically recorded in the electronic database 
within the LIMS.   

• Standard ID 

• Description of standard 

• Department 
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• Preparer’s name 

• Final volume and number of vials prepared 

• Solvent type and lot number 

• Preparation date 

• Expiration date 

• Standard source type (stock or daughter) 

• Standard type (spike, surrogate, other) 

• Parent standard ID (if applicable) 

• Parent standard analyte concentration (if applicable) 

• Parent standard amount used (if applicable) 

• Component analytes 

• Final concentration of each analyte 

• Comment box (text field) 

Records are maintained electronically for standard and reference material preparation.  These 
records show the traceability to purchased stocks or neat compounds.  These records also 
include method of preparation, date of preparation, expiration date, and preparer’s name or 
initials.  Preparation procedures are provided in the Method SOPs.  

21.4.2 All standards, reagents, and reference materials must be clearly labeled with a 
minimum of the following information: 

• Expiration Date (include prep date for reagents) 

• Standard ID (from LIMS) 

• Special Health/Safety warnings if applicable.  See EH&S manual for further information. 

Records must also be maintained of the date of receipt for commercially purchased items or 
date of preparation for laboratory prepared items.  Special Health/Safety warnings must also be 
available to the analyst.   

21.4.2.1 In addition, the following information may be helpful:  

• Date opened (for multi-use containers, if applicable) 

• Description of standard (if different from manufacturer’s label or if standard was 
prepared in the laboratory) 

• Recommended storage conditions 

• Concentration (if applicable) 

• Initials of analyst preparing standard or opening container  

All containers of prepared reagents must include an expiration date and an ID number to trace 
back to preparation.  

Procedures for preparation of reagents can be found in the Method SOPs.  



Document No.: 0001 
Revision No.:  24 

Effective Date: August 1, 2014  
Page 125 of 195 

 

Company Confidential & Proprietary 

To maintain traceability, standard ID numbers must be noted on all associated logbooks, 
worksheets, and preparation/analytical batch records. 

All reagents and standards must be stored in accordance to the following priority:   

1) With the manufacturer’s recommendations 

2) With requirements in the specific analytical methods as outlined in laboratory Method 
SOPs 

3) With requirements in SOP Reagent and Standard Purchase, Preparation, Control 
Documentation / NV08-214 

 

SECTION 22. SAMPLING 

22.1 Overview  

TestAmerica Nashville does not provide sample collection services.  The laboratory’s 
responsibility in the sample collection process lies in supplying the sampler with the necessary 
coolers, sample containers, preservatives, sample labels, custody seals, COC forms, and 
packing materials required to properly preserve, pack, and ship samples to the laboratory  

22.2 Sampling Containers  

The laboratory offers clean sampling containers for use by clients.  These containers are 
obtained from reputable container manufacturers and meet EPA specifications as required.  
Certificates of cleanliness provided by the supplier are maintained at the laboratory.  
Alternatively, the certificates may be maintained by the supplier and available to the laboratory 
on-line. 

22.2.1 Preservatives  
Upon request, preservatives are provided to the client in pre-cleaned sampling containers.  In 
most cases, containers may be purchased pre-preserved from the container supplier.  Whether 
prepared by the laboratory or bought pre-preserved, the grades of the preservatives are at a 
minimum:  

• Hydrochloric Acid – Reagent ACS (Certified VOA Free) or equivalent 

• Methanol – Purge and Trap grade 

• Nitric Acid – Instra-Analyzed or equivalent 

• Sodium Bisulfate – ACS Grade or equivalent 

• Sodium Hydroxide – Instra-Analyzed or equivalent 

• Sulfuric Acid – Instra-Analyzed or equivalent 

• Sodium Thiosulfate – ACS Grade or equivalent 
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22.3 Definition of Holding Time  

The date and time of sampling documented on the chain-of-custody (COC) form establishes the 
day and time zero.  As a general rule, when the maximum allowable holding time is expressed 
in “days” (e.g., 14 days, 28 days), the holding time is based on calendar days measured.  
Holding times expressed in “hours” (e.g., 6 hours, 24 hours, etc.) are measured from date and 
time zero.  The first day of holding time ends twenty-four hours after sampling.  Holding times 
for analysis include any necessary reanalysis.  However, there are some programs that 
determine all holding times based on the date and specific time of sampling or to the hour, 
versus “days” approach. 

22.4 Sampling Containers, Preservation Requirements, Holding Times  

The preservation and holding time criteria specified in the laboratory SOPs are derived from the 
source documents for the methods. If method required holding times or preservation 
requirements are not met, the reports will be qualified using a flag, footnote or case narrative. 
As soon as possible or “ASAP” is an EPA designation for tests for which rapid analysis is 
advised, but for which neither EPA nor the laboratory have a basis for a holding time.  LIMS will 
designate a time of field test. 

22.5 Sample Aliquots / Subsampling  

Taking a representative sub-sample from a container is necessary to ensure that the analytical 
results are representative of the sample collected in the field.  The size of the sample container, 
the quantity of sample placed inside the container, and the homogeneity of the sample need 
consideration when subsampling for sample preparation.  It is the laboratory’s responsibility to 
take a representative subsample or aliquot of the sample provided for analysis.   

Each sample is handled by analysts as if it is potentially dangerous.  At a minimum, safety 
glasses, gloves, and laboratory coats must be worn when preparing aliquots for analysis. 

Refer to SOP Sample Homogenization, Subsampling, and Compositing / NV08-229 for specific 
details on taking sample aliquots and subsampling. 

 

SECTION 23. HANDLING OF SAMPLES 

Sample management procedures at TestAmerica Nashville ensure that sample integrity and 
custody are maintained and documented from sampling/receipt through disposal. 

23.1 Chain of Custody (COC)  

The COC form is the written documented history of any sample and is initiated when bottles are 
sent to the field or at the time of sampling.  This form is completed by the sampling personnel 
and accompanies the samples to the laboratory where it is received and stored under the 
laboratory’s custody.  The purpose of the COC form is to provide a legal written record of the 
handling of samples from the time of collection until they are received at the laboratory.  It also 
serves as the primary written request for analyses from the client to the laboratory.  The COC 
form acts as a purchase order for analytical services when no other contractual agreement is in 
effect.  An example of a COC form may be found in Figure 23-1.  
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23.1.1 Field Documentation  

The information the sampler needs to provide at the time of sampling on the container label is: 

• Sample identification 

• Date and time  

• Preservative 

During the sampling process, the COC form is completed and must be legible (see Figure 24-1). 
This form includes information such as:  

• Client name, address, phone number  

• Project name and/or number 

• The sample identification 

• Date, time and location of sampling 

• Sample collectors name 

• The matrix description 

• The container description 

• The total number of each type of container 

• Preservatives used 

• Analysis requested 

• Requested turnaround time (TAT) 

• Any special instructions 

• Purchase order number or billing information (e.g., quote number) if available 

• The date and time that each person relinquished or received the sample(s), including 
their signed name.   

When the sampling personnel deliver the samples directly to TestAmerica personnel, the 
samples are stored in a cooler with ice, as applicable, and remain solely in the possession of 
the client’s field technician until the samples are delivered to the laboratory.  The sample 
collector must assure that each container is in his/her physical possession or in his/her view at 
all times, or stored in such a place and manner to preclude tampering.  The field technician 
relinquishes the samples in writing on the COC form to the sample control personnel at the 
laboratory or to a TestAmerica courier.  When sampling personnel deliver the samples through 
a common carrier (Fed-Ex, UPS), the COC relinquished date/time is completed by the field 
personnel and samples are released to the carrier.  Samples are only considered to be received 
by laboratory when personnel at the laboratory have physical contact with the samples. 

Note :  Independent couriers are not required to sign the COC form.  The COC is usually kept in 
the sealed sample cooler.  The receipt from the courier is stored in Sample Control by date; it 
lists all receipts each date.  
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23.1.2 Legal / Evidentiary Chain-of-Custody  

If samples are identified for legal/evidentiary purposes on the COC or by the client, Sample 
Control completes the custody seal, retains the shipping record with the COC.  Sample 
movement within the laboratory as well as disposal is tracked using an internal COC included in 
the LIMS.   

23.2 Sample Receipt  

Samples are received at the laboratory by designated sample receiving personnel, and a unique 
laboratory project identification number is assigned.  Each sample container is assigned a 
unique sample identification number that is cross-referenced to the client identification number 
such that traceability of test samples is unambiguous and documented.  Each sample container 
is affixed with a durable sample identification label.  Sample acceptance, receipt, tracking and 
storage procedures are summarized in the following sections and in full detail in SOP Sample 
Receiving / NV02-01. 

23.2.1 Laboratory Receipt  

When samples arrive at the laboratory, sample receiving personnel inspect the coolers and 
samples.  The integrity of each sample must be determined by comparing sample labels or tags 
with the COC and by visual checks of the container for possible damage.  Any non-
conformance, irregularity, or compromised sample receipt must be documented on a Cooler 
Receipt Form and brought to the immediate attention of the Project Manager and client.  The 
COC, shipping documents, documentation of any non-conformance, irregularity, or comprised 
sample receipt, record of client contact, and resulting instructions become part of the project 
record and are usually scanned into LIMS.  

23.2.1.1 Unique Sample Identification 

All samples that are processed through the laboratory receive a unique sample identification to 
ensure that there can be no confusion regarding the identity of such samples at anytime.  This 
system includes identification for all samples, subsamples and subsequent extracts and/or 
digestates. 

The laboratory assigns a unique identification (e.g., Sample ID) code to each sample container 
received at the laboratory.  This Primary ID is made up of the following information (consisting of 
4 components): 

Example: 490  -  9608  -  A  -  1 

 
 
 

Location ID  Login ID       Container Occurrence     Sample Number 
 

The above example states that TestAmerica Nashville Laboratory (Location 490).  Login ID is 
9608 (unique to a particular client/job occurrence).  The container code indicates it is the first 
container (“A”) of Sample #1. 
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If the primary container goes through a prep step that creates a “new” container, then the new 
container is considered secondary and gets another ID.  An example of this being a client 
sample in a 1-Liter amber bottle is sent through a Liquid/Liquid Extraction and an extraction vial 
is created from this step.  The vial would be a SECONDARY container.  The secondary ID has 5 
components. 

Example:     490 - 9608 - A - 1 - A                              Secondary Container Occurrence 

Example:  490-9608-A-1-A, would indicate the PRIMARY container listed above that went 
through a step that created the 1st occurrence of a Secondary container. 

With this system, a client sample can literally be tracked throughout the laboratory in every step 
from receipt to disposal. 

23.3 Sample Acceptance Policy  

The laboratory has a written sample acceptance policy (Figure 23-3) that clearly outlines the 
circumstances under which samples are accepted or rejected.  These include: 

• A COC must be filled out completely 

• Samples must be properly labeled 

• Samples must be submitted in proper containers with adequate volume for the analysis 
and necessary QC 

• Samples must be preserved according to the requirements of the requested analytical 
method 

• Adequate sample holding times must remain for preparation and analysis 

• All shipping containers including samples for water/solid volatile organic analyses must 
hold a trip blank  

• Sample containers must be received in good condition 

• The Project Manager is notified if any sample fails to meet the criteria listed in this 
sample acceptance policy. 

Data from samples which do not meet these criteria are flagged and the nature of the variation 
from policy is defined.  A copy of the sample acceptance policy is provided with all laboratory-
supplied container shipments. 

23.3.1 Inspection of samples includes a check for: 

• Complete documentation to include sample identification, location (i.e., state), date and 
time of collection, collector’s name, preservation type, sample type and any additional 
comments concerning the samples. 

• Complete sample labels to include unique identification in indelible ink. 

• Use of appropriate sample containers 

• Adherence to holding times as specified in the test method and/or summarized in 
Section 24. 
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• Adequate sample volume for required analyses. 

• Damage or signs of contamination to sample container. Volatile vials are also inspected 
for headspace. 

23.3.2 Check and record the temperature of the samples that require thermal preservation. 

• Samples are deemed acceptable if upon arrival they are not frozen (excluding VOAs) 
and are less than or equal to 6.0°C.  Samples that are hand-delivered immediately after 
collection may not be at the required temperatures; however, if there is evidence that the 
chilling process has begun, such as the arrival on ice, the samples are considered 
acceptable.  Condition upon receipt at the laboratory must be documented on the COC. 

• If the samples were shipped in ice and solid ice is still present and in direct contact with 
samples, report the samples as "received on ice."  Direct contact means samples must 
be surrounded by ice cubes or crushed ice.  Ice present in a plastic bottle or other 
container does not constitute direct contact.  Samples shipped with only “blue ice” may 
not be reported as “received on ice.” 

23.3.3 Verify sample preservation as specified in the test method.  Check for correct pH as 
specified in the test method.  The results are documented on the Cooler Receipt Form and in 
LIMS.  In the case of volatiles, pH is recorded after analysis on the run log and benchsheet.  
Chlorine is checked on samples requiring extractable organics, BOD, TOX, cyanide, fluoride, 
ammonia, TKN, and CBOD, and nitrate.  Chlorine presence or absence is recorded for these 
analyses.  

23.3.4 After inspecting the samples, the sample control receiving personnel sign and date 
the COC form, make any necessary notes of the samples' conditions on the Cooler Receipt 
Form, and store them in appropriate refrigerators or storage locations. 

23.3.5 If samples are received without a COC, TestAmerica provides a generic COC form to 
be completed by the client when the samples are brought to the laboratory.  The client is always 
provided with a copy of the completed COC form for their records. 

23.3.6 If analyses with short holding times are requested, the dates and times are inspected 
to ensure that holding times have not already expired. 

23.3.7 For samples received after normal working hours, the receipt time, date, and 
temperature are recorded at a minimum.  The person delivering the samples signs the COC if 
they are the client or records their initials if they are a courier (e.g., FedEx or UPS).  For 
samples not removed from the coolers, the coolers containing the samples are placed in a walk-
in refrigerator.  If samples are removed from the coolers, then the person receiving the samples 
must record the receipt date and time, the presence or absence of ice and custody seals, the 
temperature of samples, presence and type of packing material, and their initials.  These 
samples are also placed in appropriate refrigerators. 

23.3.8 Any deviations from these checks that question the suitability of the sample for 
analysis, or incomplete documentation as to the tests required will be resolved by consultation 
with the client. If the sample acceptance policy criteria are not met, the laboratory shall either: 

• Retain all correspondence and/or records of communications with the client regarding 
the disposition of rejected samples, or  
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• Fully document any decision to proceed with sample analysis that does not meet sample 
acceptance criteria.  

 

Note :  North Carolina requires that they be notified when samples are 
processed that do not meet sample acceptance criteria.  

 

Once sample acceptance is verified, the samples are logged into the LIMS according SOP 
Sample Receiving / NV02-1 

23.3.9 The COC, shipping documents, documentation of any non-conformance, irregularity, 
or compromised sample receipt, record of client contact, and resulting instructions become part 
of the project record. 

23.4 Sample Storage  

In order to avoid deterioration, contamination, or damage to a sample during storage and 
handling from the time of receipt until all analyses are complete, samples are stored in 
refrigerators, freezers, or protected locations suitable for the sample matrix.  In addition, 
samples to be analyzed for volatile organic parameters are stored in separate refrigerators 
designated for volatile organic parameters only.  Samples are never stored with reagents, 
standards, or materials that may create contamination. 

To ensure the integrity of the samples during storage, refrigerator blanks are maintained in the 
volatile sample refrigerators and analyzed, at minimum, every two weeks.   

Analysts and technicians retrieve the sample container allocated to their analysis from the 
designated refrigerator and place them on carts, analyze the sample, and return the remaining 
sample or empty container to the refrigerator from which it originally came.  After all analyses 
are complete, samples are placed into sample storage for at least 60 days.  This area is at room 
temperature.  At the end of approximately 60 days, samples are disposed of in accordance with 
SOP Waste Disposal / NV10-83. 

Access to the laboratory is controlled such that sample storage devices do not require locking 
mechanisms.  Samples are accessible to laboratory personnel only.  Visitors to the laboratory 
are prohibited from entering the refrigerator and laboratory areas unless accompanied by an 
employee of TestAmerica.   

23.5 Hazardous Samples and Foreign Soils  

To minimize exposure to personnel and to avoid potential accidents, hazardous and foreign soil 
samples are stored in designated, isolated areas designated for hazardous waste only.  Any 
sample that is known to be hazardous at the time of receipt or after completion of analysis is 
placed in one of two refrigerators designated for highly contaminated samples.  Foreign and 
U.S. soils requiring separate storage (as specified in SOP Handling of Soils Regulated by USDA 
/ NV10-162) due to potential contamination with foreign organisms are tagged with an orange 
sticker and placed in specified locations.  Foreign soils are heat-treated prior to disposal. 
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23.6 Sample Shipping  

In the event that the laboratory needs to ship samples, the samples are placed in a cooler with 
enough ice to ensure the samples remain just above freezing and at or below 6.0°C during 
transit.  The samples are carefully surrounded by packing material to avoid breakage (yet 
maintain appropriate temperature).  For sample shipments which include water/solid volatile 
organic analyses, a trip blank is enclosed when required by method specifications, state 
requirements, or regulatory programs (see Note).  The chain-of-custody form is signed by the 
sample control technician and attached to the shipping paperwork.  Samples are generally 
shipped via overnight courier or hand-delivered by a TestAmerica courier to maintain sample 
integrity.  All personnel involved with shipping and receiving samples must be trained to 
maintain the proper chain-of-custody documentation and to keep the samples intact and on ice.  
The Environmental Health and Safety Manual contains additional shipping requirements. 

Note:   If a client does not request trip blank analysis on the COC or other paperwork, the 
laboratory will not analyze the trip blanks that were supplied.  However, in the interest of good 
client service, the laboratory will advise the client at the time of sample receipt that it was noted 
that they did not request analysis of the trip blank; and that the laboratory is providing the 
notification to verify that they are not inadvertently omitting a key part of regulatory compliance 
testing.  

23.7 Sample Disposal  

Samples are retained for a minimum of 30 days after the project report is sent; however, 
provisions may be made for earlier disposal of samples once the holding time is exceeded.  
Some samples are required to be held for longer periods based on regulatory or client 
requirements (e.g., 60 days after project report is sent).  The laboratory must follow the longer 
sample retention requirements where required by regulation or client agreement.   

Several possibilities for sample disposal exist: the sample may be consumed completely during 
analysis, the sample may be returned to the customer or location of sampling for disposal, or 
the sample may be disposed of in accordance with the laboratory’s waste disposal procedures 
(SOP Waste Disposal / NV10-83).  All procedures in the laboratory Environmental Health and 
Safety Manual are followed during disposal.  Samples are normally maintained in the laboratory 
no longer than two months from receipt unless otherwise requested.  Unused portions of 
samples found or suspected to be hazardous according to state or federal guidelines may be 
returned to the client upon completion of the analytical work. 

If a sample is part of a known legal action, the affected legal authority, sample data user, and/or 
submitter of the sample must participate in the decision about the sample’s disposal.  All 
documentation and correspondence concerning the disposal decision process must be kept on 
file.  Pertinent information includes the date of disposal, nature of disposal (such as sample 
depletion, hazardous waste facility disposal, return to client), and names of individuals who 
conducted the arrangements and physically completed the task.  The laboratory removes or 
defaces sample labels prior to disposal, unless this is accomplished through the disposal 
method (e.g., samples are incinerated).  Waste disposal is tracked in the LIMS. 

Waste management practices are conducted in accordance with all applicable rules and 
regulations.  Excess reagents, samples, and method process wastes must be stored, managed, 
and disposed of in accordance with all federal and state laws and regulations.  Waste 
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description rules and land disposal restrictions are followed.  Waste disposal procedures are 
incorporated by reference to this document and SOP Waste Disposal / NV10-83.   
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Figure 23-1.     Chain of Custody (COC) 
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Figure 23-2.    Custody Seal 
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Figure 23-3.   Sample Acceptance Policy 
 
All incoming work will be evaluated against the criteria listed below.  Where applicable, data from any 
samples that do not meet the criteria listed below will be noted on the laboratory report defining the nature 
and substance of the variation.  In addition the client will be notified either by telephone, fax or e-mail 
ASAP after the receipt of the samples. 

Per State and/or Federal Regulation, the client is responsible to ensure that samples are shipped in 
accordance with DOT/IATA requirements and that radioactive materials may only be delivered to licensed 
facilities.  Any samples containing (or suspected to contain) source, byproduct, or special nuclear material 
as defined by 10 CFR should be delivered directly to facilities licensed to handle such radioactive 
material.  Natural material or ores containing naturally occurring radionuclides may be delivered to any 
TesAmerica facility or courier as long as the activity concentration of the material does not exceed 270 
pCi/g alpha or 2700 pCi/g beta (49 CFR Part 173). 

 
1) Samples must arrive with labels intact with a Chain of Custody filled out completely. The following 

information must be recorded.  
� Client name, address, phone number and fax number (if available) 

� Project name and/or number 

� The sample identification 

� Date, time and location of sampling  
� The collectors name 

� The matrix description 

� The container description 

� The total number of each type of container 

� Preservatives used 

� Analysis requested 

� Requested turnaround time (TAT) 

� Any special instructions 

� Purchase Order number or billing information (e.g. quote number) if available 

� The date and time that each person received or relinquished the sample(s), including their 
signed name.   

� The date and time of receipt must be recorded between the last person to relinquish the 
samples and the person who receives the samples in the lab, and they must be exactly the 
same. 

� Information must be legible 
 
2) Samples must be properly labeled. 

� Use durable labels (labels provided by TestAmerica are preferred) 
� Include a unique identification number 
� Include sampling date and time & sampler ID  
� Include preservative used. 
� Use indelible ink 
� Information must be legible 

 
3) Proper sample containers with adequate volume for the analysis and necessary QC are required for 

each analysis requested.  See LIMS. 
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4) Samples must be preserved according to the requirements of the requested analytical method (See 
LIMS). 

 
Most analytical methods require chilling samples to 4o C (other than water samples for metals analysis).  

For these methods, the criteria are met if the samples are chilled to below 6o C and above freezing 
(0oC). For methods with other temperature criteria (e.g. some bacteriological methods require < 10 

oC), the samples must arrive within + 2o C of the required temperature or within the method specified 
range.  Note:  Samples that are hand delivered to the laboratory immediately after collection may not 
have had time to cool sufficiently.  In this case the samples will be considered acceptable as long as 
there is evidence that the chilling process has begun (arrival on ice).         

 
5i.) Samples that are delivered to the laboratory on the same day they are collected may not 

meet the requirements of Section 5. In these cases, the samples shall be considered 
acceptable if the samples were received on ice. 

5ii.) If sample analysis is begun within fifteen (15) minutes of collection, thermal preservation is 
not required. 

5iii.)Thermal preservation is not required in the field if the laboratory receives and refrigerates the 
sample within fifteen (15) minutes of collection. 

 
� Chemical preservation (pH) will be verified prior to analysis and documented, either in sample 

control or at the analyst’s level.  The project manager will be notified immediately if there is a 
discrepancy.  If analyses will still be performed, all affected results will be flagged to indicate 
improper preservation 

 
� For Volatile Organic analyses in drinking water (Methods 502.2 or 524.2).  Residual chlorine 

must be neutralized prior to preservation.  If there is prior knowledge that the samples are not 
chlorinated, state it on the COC and use the VOA vials pre-preserved with HCl.  The following 
are other options for a sampler and laboratory where the presence of chlorine is not known: 

� 1. Test for residual chlorine in the field prior to sampling.   
� If no chlorine is present, the samples are to be preserved using HCl as usual. 
� If chlorine is present, add either ascorbic acid or sodium thiosulfate prior to 

adding HCl. 
� 2. Use VOA vials pre-preserved with sodium thiosulfate or ascorbic acid and add HCl 

after filling the VOA vial with the sample.  
  

� FOR WATER SAMPLES TESTED FOR CYANIDE (by Standard Methods or EPA 335)    
 

� In the Field:  Samples are to be tested for Sulfide using lead acetate paper prior to the 
addition of Sodium Hydroxide (NaOH).  If sulfide is present, the sample must be treated 
with Cadmium Chloride and filtered prior to the addition of NaOH. 

 
� If the sulfide test and treatment is not performed in the field, the lab will test the 

samples for sulfide using lead acetate paper at the time of receipt and if sulfide is 
present in the sample, the client will be notified and given the option of retaking the 
sample and treating in the field per the method requirements or the laboratory can 
analyze the samples as delivered and qualify the results in the final report.    

 
� It is the responsibility of the client to notify the laboratory if thiosulfate, sulfite, or 

thiocyanate are known or suspected to be present in the sample.  This notification may 
be on the chain of custody.  The samples may need to be subcontracted to a laboratory 
that performs a UV digestion.  If the lab does not perform the UV digestion on samples 
that contain these compounds, the results must be qualified in the final report. 
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� The laboratory must test the sample for oxidizing agents (e.g. Chlorine) prior to analysis 
and treat according to the methods prior to distillation. (ascorbic acid or sodium arsenite 
are the preferred choice). 

   
6) Sample Holding Times 

� TestAmerica will make every effort to analyze samples within the regulatory holding time.  
Samples must be received in the laboratory with enough time to perform the sample analysis.  
Except for short holding time samples (< 48hr HT) sample must be received with at least 48 hrs 
(working days) remaining on the holding time for us to ensure analysis.   

 
� Analyses that are designated as “field” analyses (Odor, pH, Dissolved Oxygen, Disinfectant 

Residual; a.k.a. Residual Chlorine, and Redox Potential) should be analyzed ASAP by the field 
sampler prior to delivering to the lab (within 15 minutes).  However, if the analyses are to be 
performed in the laboratory, TestAmerica will make every effort to analyze the samples within 24 
hours from receipt of the samples in the testing laboratory.  Samples for “field” analyses received 
after 4:00 pm on Friday or on the weekend will be analyzed no later than the next business day 
after receipt (Monday unless a holiday).  Samples will remain refrigerated and sealed until the 
time of analysis.  The actual times of all “field” sample analyses are noted on the “Short Hold 
Time Detail Report” in the final report.  Samples analyzed in the laboratory will be qualified on the 
final report with an ‘H’ to indicate holding time exceedance.   

 
7) All samples submitted for Volatile Organic analyses must have a Trip Blank submitted at the same 

time.  TestAmerica will supply a blank with the bottle order.   
 
8) The project manager will be notified if any sample is received in damaged condition.  TestAmerica will 

request that a sample be resubmitted for analysis. 
 
9) Recommendations for packing samples for shipment. 
 

� Pack samples in Ice rather than “Blue” ice packs. 
 

� Soil samples should be placed in plastic zip-lock bags. The containers often have dirt around the 
top and do not seal very well and are prone to intrusion from the water from melted ice.   

 
� Water samples would be best if wrapped with bubble-wrap or paper (newspaper, or paper towels 

work) and then placed in plastic zip-lock bags. 
 

� Fill extra cooler space with bubble wrap. 
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 Figure 23-4.      Cooler Receipt Form 
 

 
Cooler Received/Opened On ______________ 
 
1. Tracking #_______________________(last 4 digits, FedEx) 
 
Courier:  ______________  IR Gun ID________________ 
 
2. Temperature of rep. sample or temp blank when opened:________ Degrees Celsius 

 
3.  If Item #2 temperature is 0 oC or less, was the representative sample or temp blank frozen?  YES   NO…NA 
 
4.  Were custody seals on outside of cooler?     YES…NO…NA 
 

If yes, how many and where:__________________________________________________________________  
 
5.  Were the seals intact, signed, and dated correctly?     YES…NO…NA 
 
6.  Were custody papers inside cooler?     YES…NO…NA 
 
I certify that I opened the cooler and answered questions 1-6 (intial)  ___________________________________ 
 
7.  Were custody seals on containers:      YES…NO…NA 

 
     Were these signed and dated correctly?     YES…NO…NA 
 
8.  Packing mat’l used?  Bubblewrap   Plastic bag   Peanuts   Vermiculite   Foam Insert   Paper   Other  None 
 
9.  Cooling process:       Ice     Ice-pack     Ice (direct contact)     Dry ice     Other     None 
 
10.  Did all containers arrive in good condition (unbroken)?    YES…NO…NA 
 
11.  Were all container labels complete (#, date, signed, pres., etc)?   YES…NO…NA 
 
12.  Did all container labels and tags agree with custody papers?    YES…NO…NA 
 
13a.  Were VOA vials received?      YES…NO…NA 
 
    b.  Was there any observable headspace present in any VOA vial?   YES…NO…NA 
 
14.  Was there a Trip Blank in this cooler? YES…NO…NA If multiple coolers, sequence #________ 
 
I certify that I unloaded the cooler and answered questions 7-14 (intial)  ____________________________ 
 
15a.  On pres’d bottles, did pH test strips suggest preservation reached the correct pH level?  YES..NO..NA 
 
     b.  Did the bottle labels indicate that the correct preservatives were used   YES…NO…NA 
 
16.  Was residual chlorine present?      YES…NO…NA 
 
I certify that I checked for chlorine and pH as per SOP and answered questions 15-16 (intial)  ______________ 
 
17.  Were custody papers properly filled out (ink, signed, etc)?    YES…NO…NA 
 
18.  Did you sign the custody papers in the appropriate place?    YES…NO…NA 
 
19.  Were correct containers used for the analysis requested?    YES…NO…NA 
 
20.  Was sufficient amount of sample sent in each container?    YES…NO…NA 

 
I certify that I entered this project into LIMS and answered questions 17-20 (intial) ________________________ 
 
I certify that I attached a label with the unique LIMS number to each container (intial)__________ ___________ 
 
21.  Were there Non-Conformance issues at login?  YES…NO   Documented in LIMS? YES…NO…#________  
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SECTION 24. ASSURING THE QUALITY OF TEST RESULTS 

24.1 Overview  

In order to assure the validity of the data produced at TestAmerica Nashville, laboratory personnel 
continuously evaluate the quality of the analytical process.  The analytical process is controlled not 
only by instrument calibration as discussed in Section 20, but also by routine process quality control 
measurements (e.g., blanks, laboratory control samples (LCS), matrix spikes (MS), duplicate matrix 
spikes (MSD), duplicates (DUP), surrogates, internal standards (IS)).  These quality control checks 
are performed as required by the applicable methods or regulations to assess precision and 
accuracy.  In addition to the routine process quality control samples, Proficiency Testing (PT) 
samples (at concentrations unknown to laboratory) are analyzed to help ensure laboratory 
performance. 

24.2 Controls  

Sample preparation or pre-treatment is commonly required before analysis.  Typical preparation 
steps include homogenization, grinding, solvent extraction, acid digestion, distillation, evaporation, 
drying, and ashing.  During these pre-treatment steps, samples are arranged into discreet 
manageable groups referred to as preparation (prep) batches.  Prep batches provide a means to 
control variability in sample treatment.  Control samples are added to each prep batch to monitor 
method performance and are processed through the entire analytical procedure with 
investigative/field samples. 

24.3 Negative Controls  

 
Table 24-1.  Negative Controls 

Control Type Details 
Method Blank 
(MB) 

Are used to assess preparation and analysis for possible contamination during the preparation 
and processing steps.        

 The specific frequency of use for method blanks during the analytical sequence is defined in the 
specific standard operating procedure for each analysis.  Generally it is 1 for each batch of 
samples; not to exceed 20 environmental samples. 

 The method blank is prepared from a clean matrix similar to that of the associated samples that 
is free from target analytes (e.g., reagent water, Ottawa sand, Teflon chips, etc.) and is 
processed along with and under the same conditions as the associated samples. 
 
The method blank goes through all of the steps of the process (including as necessary: filtration, 
clean-ups, etc.). 

 Reanalyze or qualify associated sample results when the concentration of a targeted analyte in 
the blank is at or above the reporting limit as established by the method or by regulation, AND is 
greater than 1/10 of the amount measured in the sample. 
For Ohio VAP, Correct the problem then re-prepare and re-analyze the method blank and all 
samples processed with the contaminated blank. 

Calibration 
Blanks 

Are prepared and analyzed along with calibration standards where applicable.  They are 
prepared using the same reagents that are used to prepare the standards. In some analyses the 
calibration blank may be included in the calibration curve. 

Instrument Blanks Are blank solvents or reagent water that may be processed during an analytical sequence in 
order to assess contamination in the analytical system.  In general, instrument blanks are used 
to differentiate between contamination caused by the analytical system and that caused by the 
sample handling or sample prep process. Instrument blanks may also be inserted throughout the 
analytical sequence to minimize the effect of carryover from samples with high analyte content. 
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Table 24-1.  Negative Controls 
Control Type Details 

Trip Blank 1 Are required to be submitted by the client with each shipment of samples requiring aqueous and 
solid volatiles analyses (or as specified in the client’s project plan).  Additionally, trip blanks may 
be prepared and analyzed for volatile analysis of air samples, when required by the client.  A trip 
blank may be purchased (certified clean) or is prepared by the laboratory by filling a clean 
container with pure reagent water that has been purged to remove any volatile compounds.  
Appropriate preservatives are also added to the container.  The trip blank is sent with the bottle 
order and is intended to reflect the environment that the containers are subjected to throughout 
shipping and handling and help identify possible sources if contamination is found.  The field 
sampler returns the trip blank in the cooler with the field samples.  

Field Blanks 1 Are sometimes used for specific projects by the field samplers.  A field blank prepared in the 
field by filling a clean container with pure reagent water and appropriate preservative, if any, for 
the specific sampling activity being undertaken. (EPA OSWER)  

Equipment 
Blanks 1 

Are also sometimes created in the field for specific projects.  An equipment blank is a sample of 
analyte-free media which has been used to rinse common sampling equipment to check 
effectiveness of decontamination procedures. (TNI) 

Holding Blanks Also referred to as refrigerator or freezer blanks, are used to monitor the sample storage units 
for volatile organic compounds during the storage of VOA samples in the laboratory 

1 When known, these field QC samples should not be selected for matrix QC as it does not provide 
information on the behavior of the target compounds in the field samples.  Usually, the client sample ID 
will provide information to identify the field blanks with labels such as "FB", "EB", or "TB." 

Evaluation criteria and corrective action for these controls are defined in the specific standard 
operating procedure for each analysis. 

24.4 Positive Controls  

Control samples (e.g., QC indicators) are analyzed with each batch of samples to evaluate data 
based upon (1) Method Performance (Laboratory Control Sample (LCS) or Blank Spike (BS)), which 
entails both the preparation and measurement steps; and (2) Matrix Effects (Matrix Spike (MS) 
(matrix spikes are not applicable to air) or Sample Duplicate (MSD, DUP), which evaluate field 
sampling accuracy, precision, representativeness, interferences, and the effect of the matrix on the 
method performed.  Each regulatory program and each method within those programs specify the 
control samples that are prepared and/or analyzed with a specific batch 

Note that frequency of control samples vary with specific regulatory, methodology and project 
specific criteria.  Complete details on method control samples are as listed in each analytical SOP. 

24.4.1 Method Performance Control -  Laboratory Control Sample (LCS)  

The LCS measures the accuracy of the method in a blank matrix and assesses method performance 
independent of potential field sample matrix affects in a laboratory batch. 

The LCS is prepared from a clean matrix similar to that of the associated samples that is free from 
target analytes (for example: reagent water, Ottawa sand, Teflon chips, etc.) and is processed along 
with and under the same conditions as the associated samples.  The LCS is spiked with verified 
known amounts of analytes or is made of a material containing known and verified amounts of 
analytes and is subjected to all preparatory and analytical steps along with the field samples.  Where 
there is no preparation performed for an analysis (such as in aqueous volatiles) or when all samples 
and standards undergo the same preparation and analysis process (such as for total phosphorus), a 
calibration verification standard is reported as the LCS.  In some instances where there is no 
practical clean solid matrix available, aqueous LCS’s may be processed for solid matrices; final 
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results may be calculated as mg/kg or ug/kg, assuming 100% solids and a weight equivalent to the 
aliquot used for the corresponding field samples, to facilitate comparison with the field samples. 

Certified, pre-made reference material purchased from a NIST/A2LA accredited vendor may also be 
used for the LCS when the material representing the sample matrix or the analyte is not easily 
spiked (e.g., solid matrix LCS for metals, TDS, etc.). 

The LCS may be made from different source material than that used to generate the calibration 
standard. 

As stated in the opening of this section, the LCS goes through all of the steps of the process 
(including as necessary: filtration, clean-ups, etc.). 

The specific frequency for inclusion of a LCS during the analytical sequence is defined in the specific 
standard operating procedure for each analysis.  It is generally 1 for each batch of samples; not to 
exceed 20 environmental samples.  

If the mandated or requested test method or project requirements do not specify the spiking 
components, the laboratory spikes all components to be reported in the LCS (and matrix spike) 
where applicable (e.g. no spike of pH).  However, in certain cases where the components interfere 
with accurate assessment (such as simultaneously spiking chlordane, toxaphene and PCBs in 
Method 608), the test method has an extremely long list of components, or components are 
incompatible, at a minimum, a representative subset of the components to be reported (see below) 
are used to spike the LCS (and matrix spike). The selected components of each spiking mix must 
represent all chemistries, elution patterns and masses, permit-specified analytes, and other client- 
requested components. However, the laboratory must also ensure that all reported components are 
used in the spike mixture within a two-year time period. 

• Exception:  Due to analyte incompatibility in pesticides, toxaphene and chlordane are only 
spiked at client request based on specific project needs. 

• Exception:  Due to analyte incompatibility between the various PCB Aroclors, Aroclors 1016 
and 1260 are used for spiking as they cover the range of all of the Aroclors.  Aroclors 1242, 
1248, and 1254 are rotated as the spike throughout a year’s time.  Specific Aroclors may be 
used by request on a project specific basis. 
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24.5 Sample Matrix Controls 

Table 24-2.   Sample Matrix Control 
Control 

Type 
Details 

Matrix Spikes 
(MS/MSD) 

Use Used to assess the effect sample matrix of the spiked sample has on the precision and accuracy of 
the results generated by the method used;  

 Typical 
Frequency 1 

At a minimum, with each matrix-specific batch of samples processed, an MS is carried through the 
complete analytical procedure.  Unless specified by the client, samples used for spiking are 
randomly selected and rotated between different client projects.  If the mandated or requested test 
method does not specify the spiking components, the laboratory shall spike all reportable 
components to be reported in the Laboratory Control Sample and Matrix Spike.  Refer to the 
method SOP for complete details 

 Description Essentially a sample fortified with a known amount of the test analyte(s).    

Surrogate Use Measures method performance to sample matrix (organics only). 

 Typical 
Frequency 1 

Are added to all samples, standards, and blanks, for all organic chromatography methods except 
when the matrix precludes its use or when a surrogate is not available.  The recovery of the 
surrogates is compared to the acceptance limits for the specific method.  Poor surrogate recovery 
may indicate a problem with sample composition and shall be reported with data qualifiers to the 
client whose sample produced poor recovery.   

 Description Are similar to matrix spikes except the analytes are compounds with properties that mimic the 
analyte of interest and are unlikely to be found in environmental samples.  

Duplicates2 Use For a measure of analytical precision, with each matrix-specific batch of samples processed, a 
matrix duplicate (MD or DUP) sample, matrix spike duplicate (MSD), or LCS duplicate (LCSD) is 
carried through the complete analytical procedure.   

 Typical 
Frequency 1 

Duplicate samples are usually analyzed with methods that do not require matrix spike analysis.   

 Description Performed by analyzing two aliquots of the same field sample independently or an additional LCS. 

Internal 
Standards 

Use Are spiked into all environmental and quality control samples (including the initial calibration 
standards) to monitor the qualitative aspect of most organic and some inorganic analytical 
measurements. 

 Typical 
Frequency 1 

All organic and ICP methods as required by the analytical method (except Method 8015). 

 Description Used to correct for matrix effects and to help troubleshoot variability in analytical response and are 
assessed after data acquisition.  Possible sources of poor internal standard response are sample 
matrix, poor analytical technique or instrument performance. 

1 See the specific analytical SOP for type and frequency of sample matrix control samples. 
2 LCSD’s are normally not performed except when regulatory agencies or client specifications require them. The 
recoveries for the spiked duplicate samples must meet the same laboratory established recovery limits as the accuracy QC 
samples.  If an LCSD is analyzed both the LCS and LCSD must meet the same recovery criteria and be included in the 
final report.  The precision measurement is reported as “Relative Percent Difference” (RPD). Poor precision between 
duplicates (except LCS/LCSD) may indicate non-homogeneous matrix or sampling.   
 

24.6 Acceptance Criteria (Control Limits)  

As mandated by the test method and regulation, each individual analyte in the LCS, MS/MSD, or 
surrogate spike is evaluated against the control limits published in the test method.  Where there are 
no established acceptance criteria, the laboratory calculates in-house control limits with the use of 
control charts or, in some cases, utilizes client project-specific control limits or regulatory mandated 
control limits. When this occurs, the regulatory or project limits supersede the laboratory’s in-house 
limits.   
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Note:  For methods, analytes, and matrices with very limited data (e.g., unusual matrices not 
analyzed often), interim limits are established using available data or by analogy to similar methods 
or matrices. 

Once control limits have been established, they are reviewed and updated, if necessary, on an 
annual basis.  A more frequent evaluation of a particular method’s control limits will be performed 
whenever a significant change is made to the laboratory’s method conditions.  Control limits are 
established per method (as opposed to per instrument) regardless of the number of instruments 
utilized. 

Laboratory generated % Recovery acceptance (control) limits are generally established by taking + 3 
Standard Deviations (at a 99% confidence level) from the average recovery of a minimum of 20-30 
data points (more points are preferred).   

• Regardless of the calculated values, the limit is no tighter than the calibration verification 
(ICV/CCV) (unless the analytical method specifies a tighter limit).  

• With exception for certain poorly performing analytes (i.e., “bad actors”), in-house limits 
cannot be any wider than those mandated in a regulated analytical method.  Client or 
contract required control limits are evaluated against the laboratory’s statistically derived 
control limits to determine if the data quality objectives (DQOs) can be achieved.  If 
laboratory control limits are not consistent with DQOs, then alternatives must be considered, 
such as method improvements or use of an alternate analytical method. 

• The lowest acceptable recovery limit is 10% (the analyte must be detectable and 
identifiable).  Exception: The lowest acceptable recovery limit for Benzidine will be 5% and 
the analyte must be detectable and identifiable.  

• The maximum acceptable recovery limit is 150%. 

• The maximum acceptable RPD limit is 35% for waters and 40% for soils.   The minimum 
RPD limit is 10%.  

• If either the high or low end of the control limit changes by < 5% from previous, the control 
chart is visually inspected and, using professional judgment, they may be left unchanged if 
there is no affect on the laboratory’s ability to meet the existing limits.  

24.6.1 The lab must be able to generate a current listing of their control limits and track when 
the updates are performed.  In addition, the laboratory must be able to recreate historical control 
limits. 

Client- or contract-required control limits are evaluated against the laboratory’s statistically-derived 
control limits to determine if the data quality objectives (DQOs) can be achieved.  If laboratory 
control limits are not consistent with DQOs, then alternatives must be considered (such as method 
improvements or use of an alternate analytical method). 

24.6.2 A LCS that is within the acceptance criteria establishes that the analytical system is in 
control and is used to validate the process.  Samples that are analyzed with an LCS with recoveries 
outside of the acceptance limits may be determined as out of control and are reanalyzed if possible.  
If reanalysis is not possible, then the results for all affected analytes for samples within the same 
batch must be qualified when reported.  A NCM (see Section 12) is also initiated if an LCS exceeds 
the acceptance limits.  Sample results may be qualified and reported without reanalysis if: 
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• The analyte results are below the reporting limit and the LCS is above the upper control limit.   

• The analyte results are above the relevant regulatory limit and the LCS is below the lower 
control limit (not applicable to the Ohio VAP).   

See specific method SOPs for complete discussion of acceptance criteria and corrective action.  

Note :  Refer to the applicable SOP for approved corrective actions when analyzing samples for the 
Ohio VAP. 

24.6.3 If the MS/MSDs do not meet acceptance limits, the MS/MSD and the associated spiked 
sample is reported with a qualifier for those analytes that do not meet limits.  If obvious preparation 
errors are suspected or if requested by the client, unacceptable MS/MSDs are reprocessed and 
reanalyzed to confirm matrix interference.  A more detailed discussion of acceptance criteria and 
corrective action can be found in the laboratory’s method SOPs and in Section 12.   

24.6.4 Surrogate standard recoveries must be within acceptance limits for method blanks, LCSs, 
and CCVs.   

24.6.5 If a surrogate standard recovery falls outside the acceptance limits in a client-supplied 
sample and there is not an obvious chromatographic matrix interference, reanalyze the sample to 
confirm a possible matrix effect.  If the recoveries are confirmed or there was obvious 
chromatographic interference, results are reported from the original analysis and an appropriate 
qualifier is added.  Dilutions or cleanup procedures may be required when obvious chromatographic 
interferences are present.  If the reanalysis meets surrogate recovery criteria, the second run is 
reported (or both are reported if requested by the client).  Under certain circumstances (and with 
exception of any samples analyzed for the Ohio VAP), where all of the samples are from the same 
location and share similar chromatography, the reanalysis may be performed on a single sample 
rather than all of the samples and if the surrogate meets the recovery criteria in the reanalysis, all of 
the affected samples would require reanalysis.  See specific method SOPs for a more detailed 
discussion of acceptance criteria and corrective action. 

Note:  For Ohio VAP, re-analyze a method blank or LCS to verify an outlier.  If the same anomaly 
occurs upon re-analysis, then the entire batch must be re-prepared and re-analyzed.  Exceptions 
include: 

• Insufficient sample for re-preparation 

• Holding time expired 

• The LCS is biased high and the analytes in question are not detected in associated samples 

24.7 Additional Procedures to Assure Quality Control  

The laboratory has written and approved method SOPs, procedures to assure the accuracy of the 
test methods (including calibration [see Section 20]), use of certified reference materials (see 
Section 21), and use of PT samples (see Section 15). 

A discussion regarding MDLs and RLs can be found in Section 19.  

• Use of formulae to reduce data is discussed in the method SOPs and in Section 20.  

• Selection of appropriate reagents and standards is included in Section 9 and 21. 
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• A discussion on selectivity of the test is included in Section 5.  

• Constant and consistent test conditions are discussed in Section 18.  

• The laboratories sample acceptance policy is included in Section 23. 
 

SECTION 25. REPORTING RESULTS   

25.1 Overview  

The results of each test are reported accurately, clearly, unambiguously, and objectively in 
accordance with State and Federal regulations as well as client requirements.  Analytical results are 
issued in a format that is intended to satisfy customer and laboratory accreditation requirements as 
well as provide the end user with the information needed to properly evaluate the results.  Where 
there is conflict between client requests and laboratory ethics or regulatory requirements, the 
laboratory’s ethical and legal requirements are paramount and the laboratory must work with the 
client during project set-up to develop an acceptable solution (refer to Section 7).   

A variety of report formats are available to meet specific needs. 

In cases where a client asks for simplified reports, there must be a written request from the client.  
Simplified reports must include information regarding any analytical results that are outside of QC 
limits and must include a reference to a full report that is made available to the client.  Review of 
reported data is discussed in Section 19. 

25.2 Test Reports  

Analytical results are reported in a format that is satisfactory to the client and meets all requirements 
of applicable accrediting authorities and agencies.  A variety of report formats are available to meet 
specific needs.  The report is printed on laboratory letterhead, reviewed, and signed by the 
appropriate project manager.  At a minimum, the standard laboratory report must contain the 
following information: 

• A report title (e.g., Analytical Report for Samples) with a “sample results” column header. 

• Each report page printed on company letterhead which includes the laboratory name, 
address, and telephone number. 

• A unique identification of the report (e.g., work order number) and on each page an 
identification in order to ensure the page is recognized as part of the report and a clear 
identification of the end.    

• Note : Page numbers of report are represented as page # of ##, where the first number is 
the page number and the second is the total number of pages.  Pages are automatically 
paginated by LIMS when the report is created. 

• A copy of the chain of custody (COC). 
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o Any COCs involved with subcontracting are included. 
o There is a statement on the front of the report that says, “The Chain of Custody, X 

page(s), is included and is an integral part of this report."  The number of pages of the 
COC (X) is calculated automatically by the number of pages that are scanned in the COC 
folder.  Any pages scanned with the COC (i.e., non-conformances, emails, etc.) are 
included in the page count.   

o Any additional addenda to the report must be treated in a similar fashion, so it is a 
recognizable part of the report and cannot accidentally get separated from the report 
(e.g., sampling information).  

• The name and address of client and a project name/number, if applicable. 

• Client project manager or other contact 

• Description and unambiguous identification of the tested sample(s) including the client 
identification code. 

• Date of receipt of sample, date and time of collection, date(s) of test preparation and 
performance, and time of preparation or analysis if the required holding time for either activity 
is less than or equal to 72 hours.  The analysis time is always included on the report.  The 
preparation date and time are included for those methods that require a separate 
preparation. 

• Date reported or date of revision, if applicable. 

• Method of analysis including method code (EPA, Standard Methods, etc). 

• Reporting limit. 

• Method detection limits (if requested) 

• Definition of data qualifiers and reporting acronyms (e.g., ND). 

• Sample results. 

• QC data consisting of method blank, surrogate, LCS, and MS/MSD recoveries, duplicates, 
and control limits. 

• Condition of samples at receipt including temperature (included on the Cooler Receipt Form, 
which is part of the COC).   

• A statement to the effect that the results relate only to the items tested and the sample as 
received by the laboratory. 

• A statement that the report shall not be reproduced except in full, without prior express 
written approval by the laboratory. 

• A signature and title of the person(s) accepting responsibility for the content of the report and 
date of issue.  Signatories are appointed by the Laboratory Director.  For applying an 
electronic signature, refer to the Corporate SOP on Electronic Reporting and Signature 
Policy (No. CA-I-P-002). 

• When TNI accreditation is required, the laboratory certifies that the test results meet all 
requirements of TNI or provides reasons and/or justification if they do not.  
Accreditations/certifications are included near the end of the report and are listed by method.   

• The laboratory includes a cover letter.   
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• Where applicable, a narrative to the report that explains the issue(s) and corrective action(s) 
taken in the event that a specific accreditation or certification requirement was not met. 

• When soil samples are analyzed, a specific identification as to whether soils are reported on 
a “wet weight” or “dry weight” basis.  

• Appropriate laboratory certification number for the state of origin of the sample, if applicable. 

• If only part of the report is provided to the client (client requests some results before all of it is 
complete), it must be clearly indicated on the report (e.g., partial report, draft report).  A 
complete report must be sent once all of the work has been completed. 

• Any non-TestAmerica subcontracted analysis results are provided as a separate report on 
the official letterhead of the subcontractor.  All TestAmerica network subcontracting is clearly 
identified on the report as to which laboratory performed a specific analysis. 

• A Certification Summary Report, where required, will document that, unless otherwise noted, 
all analytes tested and reported by the laboratory were covered by the noted certifications. 

• Reports for Ohio VAP work require a VAP affidavit be completed and included with the 
report. 

25.3 Reporting Level or Report Type  

TestAmerica Nashville offers three levels of quality control reporting.  Each level, in addition to its 
own specific requirements, contains all the information provided in the preceding level.  The 
packages provide the following information in addition to the information described above:  

• Level II is a report plus summary information, including results for the method blank reported 
to the laboratory MDL, percent recovery for laboratory control samples and matrix spike 
samples, and the RPD values for all MSD and sample duplicate analyses. 

• Level III contains all the information supplied in Level II, but presented on the CLP-like 
summary forms, and relevant calibration information.  A Level II report is not included, unless 
specifically requested.  No raw data is provided. 

• Level IV is the same as Level III with the addition of all raw supporting data. 

In addition to the various levels of QC packaging, the laboratory also provides reports in diskette 
deliverable form.  Initial reports may be provided to clients by facsimile.  All faxed reports are 
followed by hardcopy.  Procedures used to ensure client confidentiality are outlined in Section 25.6. 

25.3.1 Electronic Data Deliverables (EDDs)  

EDDs are routinely offered as part of TestAmerica’s services.  TestAmerica Nashville offers a variety 
of EDD formats including Environmental Restoration Information Management System (ERPIMS), 
New Agency Standard (NAS), Format A, Excel, Dbase, GISKEY, and Text Files. 

EDD specifications are submitted to the IT department by the PM for review and undergo the 
contract review process.  Once the facility has committed to providing data in a specific electronic 
format, the coding of the format may need to be performed.  This coding is documented and 
validated.  The validation of the code is retained by the IT staff coding the EDD. 

EDDs shall be subject to a review to ensure their accuracy and completeness.  If EDD generation is 
automated, review may be reduced to periodic screening if the laboratory can demonstrate that it 
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can routinely generate that EDD without errors. Any revisions to the EDD format must be reviewed 
until it is demonstrated that it can routinely be generated without errors.  If the EDD can be 
reproduced accurately and if all subsequent EDDs can be produced error-free, each EDD does not 
necessarily require a review. 

25.4 Supplemental Information for Tests  

The laboratory identifies any unacceptable QC analyses or any other unusual circumstances/ 
observations (such as environmental conditions and any non-standard conditions) that may have 
affected the quality of a result in the form of a footnote, a qualifier, and/or a narrative explaining the 
discrepancy in the front of the report.   

Analytical concentrations outside of the calibration range, either high or low, are qualified as 
estimated values. 

Where quality system requirements are not met, a statement of compliance/non-compliance with 
requirements and/or specifications is included in the report and discusses identification of test 
results derived from any sample that did not meet TNI sample acceptance requirements (i.e., 
improper container, holding time, or temperature).  

Where applicable, a statement on the estimated uncertainty of measurements is included.  
Information on uncertainty is included when a client’s instructions so require. 

Opinions and Interpretations - The test report contains objective information and generally does not 
contain subjective information such as opinions and interpretations.  If such information is required 
by the client, the Laboratory Director must determine if a response can be prepared.  If so, the 
Laboratory Director designates the appropriate member of the management team to prepare a 
response.  The response must be fully documented, and reviewed by the Laboratory Director, before 
release to the client.  There may be additional fees charged to the client at this time as this is a non-
routine function of the laboratory. 

Note : Review of data deliverable packages for submittal to regulatory authorities requires responses 
to non-conforming data concerning potential impact on data quality. This necessitates a limited 
scope of interpretation, and this work is performed by the QA Department.  This is the only form of 
“interpretation” of data that is routinely performed by the laboratory. 

When opinions or interpretations are included in the report, the laboratory provides an explanation 
as to the basis upon which the opinions and interpretations have been made.  Opinions and 
interpretations are clearly noted as such and, where applicable, a comment must be added 
suggesting that the client verify the opinion or interpretation with their regulator.    

Note:  For Ohio VAP, a laboratory must narrate potential bias in sample results when requirements 
provided in a SOP cannot be met. 

25.5 Environmental Testing Obtained from Subcontractors  

If TestAmerica Nashville is not able to provide to the client the requested analysis, the samples are 
subcontracted following the procedures outlined in the Corporate SOP on Subcontracting (SOP No. 
CA-L-S-002).  
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Data reported from analyses performed by a subcontracting laboratory are clearly identified as such 
on the analytical report provided to the client.  Results from a subcontracting laboratory outside of 
the TestAmerica network are reported to the client on the subcontracting laboratory’s original report 
stationary and the report includes any accompanying documentation. 

25.6 Client Confidentiality  

In situations involving the transmission of environmental test results by telephone, facsimile, or other 
electronic means, client confidentiality must be maintained. 

TestAmerica will not intentionally divulge to any person (other than the Client or any other person 
designated by the Client in writing) any information regarding the services provided by TestAmerica 
or any information disclosed to TestAmerica by the Client.  Furthermore, information known to be 
potentially endangering to national security or an entity’s proprietary rights will not be released.  

Note : Confidentiality does not apply to the extent that the information is required to be disclosed by 
TestAmerica under the compulsion of legal process.  TestAmerica does, to the extent feasible, 
provide reasonable notice to the client before disclosing the information. 

Note : Authorized representatives of an accrediting authority are permitted to make copies of any 
analyses or records relevant to the accreditation process and copies may be removed from the 
laboratory for purposes of assessment. 

25.6.1 Report deliverable formats are discussed with each new client.  If a client requests that 
reports be faxed or e-mailed, the reports are faxed with a cover sheet or e-mailed with the following 
note that includes a confidentiality statement similar to the following:  

This material is intended only for the use of the individual(s) or entity to whom it is addressed, and 
may contain information that is privileged and confidential.  If you are not the intended recipient, or 
the employee or agent responsible for delivering this material to the intended recipient, you are 
hereby notified that any dissemination, distribution or copying of this communication is strictly 
prohibited.  If you have received this communication in error, please notify us immediately by 
telephone at the 1-800-765-0980 (or for e-mails:  please notify us immediately by e-mail or by phone 
(1-800-765-0980) and delete this material from any computer). 

25.7 Formats of Reports  

The format of reports is designed to accommodate each type of environmental test carried out and 
to minimize the possibility of misunderstanding or misuse. 

25.8 Amendments to Test Reports  

Corrections, additions, or deletions to reports are only made when justification arises through 
supplemental documentation.  Justification is documented using the laboratory’s NCM or CAR 
system (refer to Section 12).  Revisions associated with technical issues must be reviewed by the 
Laboratory Director, Technical Director, and QA Manager. 

The revised report is retained on the Archive data server along with the original report.  When the 
PDF of a report is created, the PDF filename has the work order number and the date and time that 
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the PDF was created.  The original report has the earliest date, and any revisions have later dates 
and times. 

When the report is re-issued, a notation that the report has been revised is placed on the 
cover/signature page of the report along with a brief explanation of reason for the re-issue and a 
reference back to the last final report generated.  For Example: Report was revised on 11/3/07 to 
include toluene in sample NQA1504 per client’s request.  This final report replaces the final report 
generated on 10/27/07 at 10:47am.   

25.9 Policies on Client Requests for Amendments  

25.9.1 Policy on Data Omissions or Reporting Limit Increases 

Fundamentally, our policy is simply to not omit previously reported results (including data qualifiers) 
or to not raise reporting limits and report sample results as ND.  This policy has few exceptions.  
Exceptions are: 

• Laboratory error.   

• Sample identification is indeterminate (confusion between COC and sample labels).   

• An incorrect analysis (not analyte) was requested (e.g., COC lists 8315 but client wanted 
8310).  A written request for the change is required. 

• Incorrect limits reported based on regulatory requirements.   

• The requested change has absolutely no possible impact on the interpretation of the 
analytical results and there is no possibility of the change being interpreted as 
misrepresentation by anyone inside or outside of our company.   

25.9.2 Multiple Reports 

TestAmerica does not issue multiple reports for the same work order where there is different 
information on each report (this does not refer to copies of the same report) unless required to meet 
regulatory needs and approved by the laboratory’s QA Manager.   
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Appendix 1.  Laboratory Floor Plan 
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Appendix 2.     Glossary/Acronyms 

Acc eptance Criteria  - Specified limits placed on characteristics of an item, process, or service 
defined in requirement documents.  (ASQC) 

Accreditation - The process by which an agency or organization evaluates and recognizes a 
laboratory as meeting certain predetermined qualifications or standards, thereby accrediting the 
laboratory.   

Accuracy - The degree of agreement between an observed value and an accepted reference 
value.  Accuracy includes a combination of random error (precision) and systematic error (bias) 
components which are due to sampling and analytical operations; a data quality indicator. 
(QAMS) 

Aliquot  - A measured portion of a sample used for analysis. 

Analyst  - The designated individual who performs the “hands-on” analytical methods and 
associated techniques and who is the one responsible for applying required laboratory practices 
and other pertinent quality controls to meet the required level of quality.  

Analytical Uncertainty - A subset of Measurement Uncertainty that includes all laboratory 
activities performed as part of the analysis. (TNI) 

Assessment - The evaluation process used to measure or establish the performance, 
effectiveness, and conformance of an organization and/or its systems to defined criteria (to the 
standards and requirements of laboratory accreditation). (TNI) 

Audit - A systematic and independent examination of facilities, equipment, personnel, training, 
procedures, record-keeping, data validation, data management, and reporting aspects of a 
system to determine whether QA/QC and technical activities are being conducted as planned 
and whether these activities will effectively achieve quality objectives. (TNI) 

Batch  - Environmental samples which are prepared and/or analyzed together with the same 
process and personnel, using the same lot(s) of reagents.  A preparation batch is composed of 
one to 20 environmental samples of the same matrix, meeting the above mentioned criteria and 
with a maximum time between the start of processing of the first and last sample in the batch to 
be 24 hours.  An analytical batch is composed of prepared environmental samples (extracts, 
digestates, or concentrates) and /or those samples not requiring preparation which are analyzed 
together as a group using the same calibration curve or factor.  An analytical batch can include 
samples originating from various environmental matrices and can exceed 20 samples. (TNI) 

Bias - The systematic or persistent distortion of a measurement process, which causes errors in 
one direction (i.e., the expected sample measurement is different from the sample’s true value). 
(TNI) 

Blank - A sample that has not been exposed to the analyzed sample stream in order to monitor 
contamination during sampling, transport, storage, or analysis. The blank is subjected to the 
usual analytical and measurement process to establish a zero baseline or background value 
and is sometimes used to adjust or correct routine analytical results. (ASQC) 

Calibration  - A set of operations that establish, under specified conditions, the relationship 
between values of quantities indicated by a measuring instrument or measuring system, or 
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values represented by a material measure or a reference material, and the corresponding 
values realized by standards. (TNI) 

1) In calibration of support equipment the values realized by standards are established 
through the use of reference standards that are traceable to the International System of 
Units (SI). 

2) In calibration according to methods, the values realized by standards are typically 
established through the use of Reference Materials that are either purchased by the 
laboratory with a certificate of analysis or purity, or prepared by the laboratory using support 
equipment that has been calibrated or verified to meet specifications. 

Calibration Curve  - The mathematical relationship between the known values, such as 
concentrations, of a series of calibration standards and their instrument response.  (NELAC) 

Calibration Standard  - A substance or reference material used to calibrate an instrument 
(QAMS) 

Certified Reference Material (CRM)  - A reference material accompanied by a certificate, 
having a value, measurement uncertainty, and stated metrological traceability chain to a 
national metrology institute. (TNI) 

Chain of Custody (COC) Form  - Record that documents the possession of the samples from 
the time of collection to receipt in the laboratory. This record generally includes: the number and 
types of containers; the mode of collection; the collector; time of collection; preservation; and 
requested analyses. (TNI) 

Compromised Samples  - Those samples which are improperly sampled, insufficiently 
documented (chain of custody and other sample records and/or labels), improperly preserved, 
collected in improper containers, or exceeding holding times when delivered to a laboratory.  
Under normal conditions, compromised samples are not analyzed.  If emergency situation 
require analysis, the results must be appropriately qualified.   

Confidential Business Information (CBI)  - Information that an organization designates as 
having the potential of providing a competitor with inappropriate insight into its management, 
operation, or products.  TNI and its representatives agree to safeguard identified CBI and to 
maintain all information identified as such in full confidentiality. 

Confirmation  - Verification of the identity of a component through the use of an approach with a 
different scientific principle from the original method.  These may include, but are not limited to: 
Second Column Confirmation, Alternate wavelength, Derivatization, Mass spectral 
interpretation, Alternative detectors, or Additional Cleanup procedures. (TNI) 

Conformance  - An affirmative indication or judgment that a product or service has met the 
requirements of the relevant specifications, contract, or regulation; also, the state of meeting the 
requirements.  (ANSI/ASQC E4-1994) 

Continuing Calibration Blank (CCB) - A solvent blank following a continuing calibration 
verification. 

Continuing Calibration Verification (CCV)  - A standard from the calibration curve that is used 
to verify that the instrument remains properly calibrated throughout the analytical run. 
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Corrective Action  - The action taken to eliminate the causes of an existing nonconformity, 
defect, or other undesirable situation in order to prevent recurrence.  (ISO 8402) 

Correction - Actions necessary to correct or repair analysis specific non-conformances.  The 
acceptance criteria for method-specific QC and protocols as well as the associated corrective 
actions.  The analyst is most frequently the one to identify the need for this action as a result of 
calibration checks and QC sample analysis.  No significant action is taken to change behavior, 
processes, or procedure.   

Data Audit  - A qualitative and quantitative evaluation of the documentation and procedures 
associated with environmental measurements to verify that the resulting data are of acceptable 
quality (i.e., that they meet specified acceptance criteria).  

Data Reduction  - The process of transforming the number of data by arithmetic or statistical 
calculations, standard curves, and concentration factors and collation into a more useable form.  
(TNI) 

Deficiency  - An unauthorized deviation from acceptable procedures or practices, or a defect in 
an item.  (ASQC) 

Demonstration of Capability - A procedure to establish the ability of the analyst to generate 
analytical results of acceptable accuracy and precision. (TNI) 

Document Control  - The act of ensuring that documents (and revisions thereto) are proposed, 
reviewed for accuracy, approved for release by authorized personnel, distributed properly, and 
controlled to ensure use of the correct version at the location where the prescribed activity if 
performed.  (ASQC) 

Duplicate Analyses  - The analyses or measurements of the variable of interest performed 
identically on two subsamples of the same sample.  The results from duplicate analyses are 
used to evaluate analytical or measurement precision but not the precision of sampling, 
preservation, or storage internal to the laboratory.  (EPA-QAD) 

Equipment Blank  - Sample of analyte-free media which has been used to rinse common 
sampling equipment to check effectiveness of decontamination procedures.   

External Standard Calibration  - Calibrations for methods that do not utilize internal standards 
to compensate for changes in instrument conditions. 

Field Blank - Blank prepared in the field by filing a clean container with pure de-ionized water 
and appropriate preservative, if any, for the specific sampling activity being undertaken (EPA 
OSWER) 

Field of Accreditation  - Those matrix, technology/method, and analyte combinations for which 
the accreditation body offers accreditation.   

Finding  - An assessment conclusion that identifies a condition having a significant effect on an 
item or activity.  An assessment finding is normally a deficiency and is normally accompanied by 
specific examples of the observed condition.  (TNI) 

Holding Times  - The maximum times that samples may be held prior to analyses and still be 
considered valid or not compromised.  (40 CFR Part 136) 
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Initial Calibration Blank (ICB)  - A solvent blank immediately following an initial calibration 
verification. 

Initial Calibration Verification (ICV)  - A standard from a second source that is analyzed to 
verify the calibration curve. 

Internal Standard  - A known amount of standard added to a test portion of a sample as a 
reference for evaluating and controlling the precision and bias of the applied analytical test 
method.  (TNI) 

Internal Standard Calibration  - Calibrations for methods that utilize internal standards to 
compensate for changes in instrument conditions. 

Instrument Blank  - A clean sample (e.g., distilled water) processed through the instrumental 
steps of the measurement process; used to determine instrument contamination.  (EPA-QAD) 

Instrument Detection Limit (IDL) - The minimum amount of a substance that can be measured 
with a specified degree of confidence that the amount is greater than zero using a specific 
instrument. The IDL is associated with the instrumental portion of a specific method only, and 
sample preparation steps are not considered in its derivation. The IDL is a statistical estimation 
at a specified confidence interval of the concentration at which the relative uncertainty is + 
100%. The IDL represents a range where qualitative detection occurs on a specific instrument. 
Quantitative results are not produced in this range. 

Instrument Response  - Instrument response is normally expressed as either peak area or 
peak height; however, it may also reflect a numerical representation of some type of count on a 
detector (e.g., photomultiplier tube, or diode array detector) and is used in this document to 
represent all types. 

Laboratory  - A defined facility performing environmental analyses in a controlled and scientific 
manner.  (TNI) 

Laboratory Control Sample (however named, such as: laboratory fortified blank, spiked 
blank, or QC check sample)  - A sample matrix, free from the analytes of interest, spiked with 
verified known amounts of analytes, or a material containing known and verified amounts of 
analytes which is taken through all preparation and analysis steps of the procedure unless 
otherwise noted in a reference method.  It is generally used to establish intra-laboratory or 
analyst specific precision and bias or to assess the performance of all or a portion of the 
measurement system. 

Least Squares Regression (1 st Order Curve) -  The least squares regression is a 
mathematical calculation of a straight line over two axes.  The y axis represents the instrument 
response (or response ratio) of a standard or sample and the x axis represents the 
concentration.  The regression calculation generates a correlation coefficient (r) or coefficient of 
determination (r2) that is a measure of the "goodness of fit" of the regression line to the data.  A 
value of 1.00 indicates a perfect fit.  In order to be used for quantitative purposes, r must be 
greater than or equal to 0.990 for organics and 0.995 for inorganics.  

Matrix - The component or substrate that contains the analyte of interest.  For purposes of 
batch and QC requirement determinations, the following matrix distinctions are to be used: 
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Aqueous:  Any aqueous sample excluded from the definition of drinking water matrix or 
saline/estuarine sources.  Includes surface water, groundwater, effluents, and TCLP or 
other extracts. 

Drinking Water:  Any aqueous sample that has been designated as a potable or potential 
potable water source. 

Non-aqueous Liquid:  Any organic liquid with <15% settleable solids.  Described as 
Waste in LIMS. 

Biological Tissue:  Any sample of a biological origin such as fish tissue, shellfish, or plant 
material.  Such samples must be grouped according to origin. 

Solids:  Includes soils, sediments, sludges, and other matrices with >15% settleable 
solids. 

Air and Emissions:  Whole gas or vapor samples including those contained in flexible or 
rigid wall containers and the extracted, concentrated analytes of interest from a gas or 
vapor that are collected with a sorbant tube, impinger solution, filter, or other device. 
(TNI) 

Matrix Spike (spiked sample or fortified sample)  - A sample prepared, taken through all 
sample preparation and analytical steps of the procedure unless otherwise noted in a 
referenced method, by adding a known amount of target analyte to a specified amount of 
sample for which an independent test result of target analyte concentration is available. Matrix 
spikes are used, for example, to determine the effect of the matrix on a method's recovery 
efficiency. 

Matrix Spike Duplicate (spiked sample or fortified sample duplicate)  - A replicate matrix 
spike prepared and analyzed to obtain a measure of the precision of the recovery for each 
analyte. 

Method Blank  - A sample of a matrix similar to the batch of associated samples (when 
available) that is free from the analytes of interest and is processed simultaneously with and 
under the same conditions as samples through all steps of the analytical procedures, and in 
which no target analytes or interferences are present at concentrations that impact the analytical 
results for sample analyses.   

Method Detection Limit  (MDL) - The minimum concentration of a substance (an analyte) that 
can be measured and reported with 99% confidence that the analyte concentration is greater 
than zero and is determined from analysis of a sample in a given matrix containing the analyte.  
(40 CFR Part 136, Appendix B) 

Method Reporting Limit  - The laboratory nominal Reporting Limit (RL) or the level of sensitivity 
required by the client but not lower than the method detection limit (MDL). 

Negative Control  - Measures taken to ensure that a test, its components, or the environment 
do not cause undesired effects or produce incorrect test results.   

Non-Conformance - An indication, judgment, or state of not having met the requirements of the 
relevant specifications, contract, or regulation. 
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Performance Audit  - The routine comparison of independently obtained qualitative and 
quantitative measurement system data with routinely obtained data in order to evaluate the 
proficiency of an analyst or laboratory.   

Positive Control  - Measures taken to ensure that a test and/or its components are working 
properly and producing correct or expected results from positive test subjects.   

Precision  - The degree to which a set of observations or measurements of the same property, 
obtained under similar conditions, conform to themselves; a data quality indicator.  Precision is 
usually expressed as standard deviation, variance, or range in either absolute or relative terms.  
(TNI) 

Preservation  - Any conditions under which a sample must be kept in order to maintain chemical 
and/or biological integrity prior to analysis. (TNI) 

Proficiency Testing  - A means of evaluating a laboratory’s performance under controlled 
conditions relative to a given set of criteria through analysis of unknown samples provided by an 
external source.  (TNI) 

Proficiency Testing Program  - The aggregate of providing rigorously controlled and 
standardized environmental samples to a laboratory for analysis, reporting of results, statistical 
evaluation of the results, and the collective demographics and results summary of all 
participating laboratories.  (TNI) 

Proficiency Test Sample (PT)  - A sample, the composition of which is unknown to the 
laboratory and is provided to test whether the laboratory can produce analytical results within 
specified acceptance criteria.  (TNI) 

Quality Assurance  - An integrated system of management activities involving planning, 
implementation, assessment, reporting, and quality improvement to ensure that a process, item, 
or service is of the type of quality needed and expected by the client.  (TNI) 

Quality Assurance [Project] Plan (QAPP)  - A formal document describing the detailed quality 
control procedures by which the quality requirements defined for the data and decisions 
pertaining to a specific project are to be achieved.  (EAP-QAD) 

Quality Control  - The overall system of technical activities that measures the attributes and 
performance of a process, item, or service against defined standards to verify that they meet the 
stated requirements established by the customer; operational techniques and activities that are 
used to fulfill requirements for quality; also the system of activities and checks used to ensure 
that measurement systems are maintained within prescribed limits, providing protection against 
“out of control” conditions and ensuring that the results are of acceptable quality. (TNI) 

Quality Control Sample  - A sample used to assess the performance of all or a portion of the 
measurement system. One of any number of samples, such as Certified Reference Materials, a 
quality system matrix fortified by spiking, or actual samples fortified by spiking, intended to 
demonstrate that a measurement system or activity is in control. (TNI)) 

Quality Manual  - A document stating the management policies, objectives, principles, 
organizational structure and authority, responsibilities, accountability, and implementation of an 
agency, organization, or laboratory, to ensure the quality of its product and the utility of its 
product to its users.  (TNI) 
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Quality System  - A structured and documented management system describing the policies, 
objectives, principles, organizational authority, responsibilities, accountability, and 
implementation plan of an organization for ensuring quality in its work processes, products 
(items), and services.  The quality system provides the framework for planning, implementing, 
and assessing work performed by the organization and for carrying out required QA and QC 
activities.  (TNI) 

Record Retention - The systematic collection, indexing and storing of documented information 
under secure conditions. 

Reference Material  - Material or substance (one or more properties of which are sufficiently 
homogeneous and well established) to be used for the calibration of an apparatus, the 
assessment of a measurement method, or for assigning values to materials.  (TNI) 

Reference Method - A method of known and documented accuracy and precision issued by an 
organization recognized as competent to do so.  (TNI) 

Reference Standard  - Standard used for the calibration of working measurement standards in 
a given organization or a given location.  (TNI)) 

Requirement  - Denotes a mandatory specification; often designated by the term “shall”.  
(NELAC) 

Sampling - Activity related to obtaining a representative sample of the object of conformity 
assessment, according to a procedure. 

Second Order Polynomial Curve (Quadratic Curve)  - The second order curves are a 
mathematical calculation of a slightly curved line over two axis.  The y axis represents the 
instrument response (or Response ratio) of a standard or sample and the x axis represents the 
concentration.  The second order regression generates a coefficient of determination (COD or 
r2) that is a measure of the "goodness of fit" of the quadratic curvature to the data.  A value of 
1.00 indicates a perfect fit.  In order to be used for quantitative purposes, r2 must be greater 
than or equal to 0.990. 

Selectivity - The ability to analyze, distinguish, and determine a specific analyte or parameter 
from another component that may be a potential interferent or that may behave similarly to the 
target analyte or parameter within the measurement system.  (TNI) 

Sensitivity - The capability of a method or instrument to discriminate between measurement 
responses representing different levels (e.g., concentrations) of a variable of interest.  (NELAC) 

Spike  - A known mass of target analyte added to a blank, sample, or sub-sample; used to 
determine recovery efficiency or for other quality control purposes.  

Standard  - The document describing the elements of laboratory accreditation that has been 
developed and established within the consensus principles of standard setting and meets the 
approval requirements of standard adoption organization’s procedures and policies.  (TNI) 

Standard Operating Procedures (SOPs)  - A written document which details the method for an 
operation, analysis, or action with thoroughly prescribed techniques and steps.  SOPs are 
officially approved as the methods for performing certain routine or repetitive tasks.  (TNI) 
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Storage Blank - A blank matrix stored with field samples of a similar matrix (volatiles only) that 
measures storage contribution to any source of contamination. 

Supervisor (however named)  - The individual(s) designated as being responsible for a 
particular area or category of scientific analysis.  This responsibility includes direct day-to-day 
supervision of technical employees, supply and instrument adequacy and upkeep, quality 
assurance/quality control duties, and ascertaining that technical employees have the required 
balance of education, training, and experience to perform the required analyses.  (NELAC) 

Surrogate  - A substance with properties that mimic the analyte of interest, but is unlikely to be 
found in environmental samples and is added to them for quality control purposes. 

Surrogate compounds must be added to all samples, standards, and blanks, for all organic 
chromatography methods except when the matrix precludes its use or when a surrogate is not 
available.  Poor surrogate recovery may indicate a problem with sample composition and is 
reported to the client whose sample produced poor recovery.  (QAMS) 

Systems Audit (also Technical Systems Audit)  - A thorough, systematic, qualitative on-site 
assessment of the facilities, equipment, personnel, training, procedures, record keeping, data 
validation, data management, and reporting aspects of a total measurement system.  (EPA-
QAD) 

Technical Director  - Individuals(s) who has overall responsibility for the technical operation of 
the environmental testing laboratory.  (NELAC) 

Technology - A specific arrangement of analytical instruments, detection systems, and/or 
preparation techniques. 

Test  - A technical operation that consists of the determination of one or more characteristics or 
performance of a given product, material, equipment, organism, physical phenomenon, process, 
or service according to a specified procedure.  The result of a test is normally recorded in a 
document sometimes called a test report or a test certificate.  (ISO/IEC Guide 2-12.1, amended) 

Test Method  - An adoption of a scientific technique for a specific measurement problem, as 
documented in a laboratory SOP.  (TNI) 

Traceability  - The ability to trace the history, application, or location of an entity by means of 
recorded identifications.  In a calibration sense, traceability relates measuring equipment to 
national or international standards, primary standards, basic physical constants or properties, or 
reference materials.  In a data collection sense, it relates calculations and data generated 
throughout the project back to the requirements for the quality of the project.  (TNI) 

Trip Blank - A blank matrix placed in a sealed container at the laboratory that is shipped, held 
unopened in the field, and returned to the laboratory in the shipping container with the field 
samples. 

Uncertainty  - A parameter associated with the result of a measurement that characterizes the 
dispersion of the value that could reasonably be attributed to the measured value. 

Weighting Factor  – A mathematical factor used to improve linearity at the low end of a 
calibration curve.  The square of the residuals is based on 1/x or 1/x2 rather than x (where x is 
the concentration value).  This technique is preferred over the use of a quadratic regression. 
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Acronyms: 
 
CAR   Corrective Action Report 
CCB   Continuing Calibration Blank 
CCV  Continuing Calibration Verification 
CF   Calibration Factor 
CFR  Code of Federal Regulations 
COC  Chain of Custody 
CQMP  Corporate Quality Management Plan 
DOC  Demonstration of Capability 
DQO  Data Quality Objectives 
DUP  Duplicate 
EHS  Environment, Health and Safety 
EPA  Environmental Protection Agency 
GC  Gas Chromatography 
GC/MS Gas Chromatography/Mass Spectrometry 
HPLC  High Performance Liquid Chromatography 
ICB  Initial Calibration Blank 
ICP  Inductively Coupled Plasma Atomic Emission Spectroscopy 
ICP/MS ICP/Mass Spectroscopy 
ICV  Initial Calibration Verification 
IDL  Instrument Detection Limit 
IH  Industrial Hygiene 
IS  Internal Standard 
LCS  Laboratory Control Sample 
LCSD  Laboratory Control Sample Duplicate 
LIMS  Laboratory Information Management System 
MB  Method Blank 
MDL  Method Detection Limit 
MDLV  MDL Verification Check Standard 
MS  Matrix Spike 
MSD  Matrix Spike Duplicate 
NCM  Non-Conformance Memo 
NELAC National Environmental Laboratory Accreditation Conference 
NELAP National Environmental Laboratory Accreditation Program 
PT  Performance Testing  
QAM  Quality Assurance Manual 
QA/QC  Quality Assurance / Quality Control 
QAPP  Quality Assurance Project Plan 
RF  Response Factor 
RL  Reporting Limit 
RPD  Relative Percent Difference 
RSD  Relative Standard Deviation 
SD  Standard Deviation 
SDS  Safety Data Sheet 
SOP  Standard Operating Procedure 
TAT  Turn-Around-Time 
TNI  The NELAC Institute 
VOA  Volatile Organic Analytes 
VOC  Volatile Organic Compound 
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See Controlled Document QAF-45, TestAmerica Nashville Acronyms, Keywords, and 
Definitions. 
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Appendix 3.  Laboratory Certifications, Accreditations , Validations 

 
TestAmerica Nashville maintains accreditations, certifications, and approvals with numerous 
state and national entities.  Programs vary but may include on-site audits, reciprocal 
agreements with another entity, performance testing evaluations, review of the QA Manual, 
Standard Operating Procedures, Method Detection Limits, training records, etc.  At the time of 
this QA Manual revision, the laboratory has accreditation/certification/licensing with the following 
organizations: 
 

Organization Lab Number  Organization Lab Number  
A2LA 0453.07 New Jersey (2nd NELAP) TN965 
Alaska  UST-087 New York (2nd NELAP) 11342 
Arkansas  88-0737 North Carolina  387 
Arizona  AZ0473 North Dakota  R-146 
California  01168CA  Ohio CL0033 
Connecticut  PH-0220 Oklahoma 9412 
Florida (1o NELAP) E87358 Oregon (2nd NELAP) TN200001 
Illinois (2nd NELAP) 200010 Pennsylvania (2nd NELAP) 68-00585 
Iowa  131 Rhode Island LAO00268 
Kansas (2nd NELAP) E-10229 South Carolina 84009001, 002 
Kentucky  19 Tennessee DW 020 08 
Louisiana (2nd NELAP) 01945 Tennessee Controlled Substances 5741902 
Maryland  316 Texas (2nd NELAP) T104704077 
Massachusetts  M-TN032 Utah (2nd NELAP) 6157260177 
Minnesota  047-999-345 Virginia (2nd NELAP) 460152 
Mississippi  none  Washington C789 
Montana  none  West Virginia 219 
TNI/NELAP E87358 Wisconsin 998020430 
Nevada  TN00032 Wyoming UST A2LA 0453-07 
New Hampshire (2nd NELAP) 2963   
Subject to Change 

 
The certificates and accredited parameter lists are available for each State/Program at 
www.testamericainc.com under Analytical Services Search – Certifications.  

 
Claims of Accreditation Status 
TestAmerica Nashville has agreed to make only valid claims as to its accreditation/certification 
status by any authority by ensuring that the expiration dates are not exceeded and the method-
specific scope or parameter lists are supportable, as required by each.  Any false claims would 
be reported to that authority.  The agreement covers the use of the authority’s name, such as 
“Authority-Accredited,” symbols, or certificate number.  The only valid proof of 
accreditation/certification is the current certificate and scope of the authority.  It is the 
responsibility of the laboratory to make these documents available to all staff and it is the staff’s 
duty to reference only the current documents.   
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A report including scoped and non-scoped analytes may only be presented on the same report 
if the non-accredited results are clearly and unambiguously identified.  No report with non-scope 
analytes may be associated with the symbol, “Authority accredited” phrase, or the certificate 
number.  Only the analytes specified by a unique method are valid within the scope.  There 
must be no intentional misleading of the users of the laboratory’s services in this regard. 
 
No opinions and/or interpretations based on results outside the laboratory’s scope may be 
presented on a document referenced by “Authority-accredited, the symbol, or the certificate 
number.  If these are made, they must be written in a separate letter which is not endorsed by 
the authority. 
 
The “Authority-accredited” symbol may only be affixed to equipment calibrated by a laboratory 
that is accredited by the authority.  If calibration labels contain the symbol, they must also show 
the calibration laboratory’s name or its certificate number, the instrument’s unique identification, 
the date of the last calibration, and a cross-reference to the last calibration certificate. 
 
If the company decides to use the “Authority-accredited” symbol in marketing activities, no 
misrepresentation may occur.  Only reference to the accredited scope at a specific laboratory 
site is allowed.  If any “Authority-accredited” language is used in proposals or quotations, any 
non-scope analytes must be clearly denoted as not accredited by that authority.  The same is 
true for any use of laboratory letterhead with the “Authority-accredited” wording or symbol.  The 
symbol may not be affixed to any material, item, product, part, or packaging, thereby implying 
accreditation status to that piece.  In literature, any use of the symbol must be positioned 
adjacent to the accredited laboratory’s name and clearly state that the presence of the symbol 
does not imply certification/approval of the products tested.  At no time may the symbol appear 
to suggest that a person is accredited.  Misrepresentation of accreditation status is never 
allowed and must be reported if it occurs.  If in doubt, the idea of the symbol’s use may be 
presented to the authority for approval. 
 
If accreditation is terminated or suspended, the laboratory must immediately cease to use the 
“Authority-accredited” wording, the symbol, or the certificate number reference in any way and 
inform clients impacted by the change. 
 
Note:  The use of the A2LA logo is reserved for A2LA only.  TestAmerica Nashville may only use 
the A2LA accredited symbol so long as the accreditation remains current.  Further information 
can be found in the A2LA document P101 – Rules for Making Reference to A2LA Accredited 
Status. 
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Appendix 4.  Data Qualifiers 

 
Flag Flag Text Conditions Arizona Florida Comment 

* ICPMS Relative Intensity is outside 
the method limits. 

ISTD Relative Intensity 
Failed High 

E7     

* ICPMS Relative Intensity is outside 
the method limits. 

ISTD Relative Intensity 
Failed Low 

E7     

* ISTD response or retention time 
outside acceptable limits 

ISTD Area High E7     

* ISTD response or retention time 
outside acceptable limits 

ISTD Area Low E7     

* ISTD response or retention time 
outside acceptable limits 

ISTD RT Fail       

* LCS or LCSD exceeds the control 
limits 

LCS Negative Recovery 
High 

      

* LCS or LCSD exceeds the control 
limits 

LCS Negative Recovery 
Low 

      

* LCS or LCSD exceeds the control 
limits 

LCS Recovery High L3 J3   

* LCS or LCSD exceeds the control 
limits 

LCS Recovery Low L4 J3 Data impacted; re-analysis should 
be performed 

* LCS or LCSD exceeds the control 
limits 

LCS Recovery       

* LCS or LCSD exceeds the control 
limits 

LCSD Recovery High L3 J3   

* LCS or LCSD exceeds the control 
limits 

LCSD Recovery Low L4 J3 Data impacted; re-analysis should 
be performed 

* LCS or LCSD exceeds the control 
limits 

LCSD Recovery       
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Flag Flag Text Conditions Arizona Florida Comment 

* RPD of the LCS and LCSD exceeds 
the control limits 

LCSD Percent RPD R6 J3   

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CCB Result Detected B1 V Use only if affected samples are ND 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CCV Recovery High V1, V7   Use only if affected samples are ND 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CCV Recovery Low V8, V9   Data impacted; re-analysis should 
be performed 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CCVL Recovery High       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CCVL Recovery Low       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CRA Fail       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CRA Recovery High V1, N4, 
N5 

  Use only if affected samples are ND 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CRA Recovery Low V9   Data impacted; re-analysis should 
be performed 
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Flag Flag Text Conditions Arizona Florida Comment 
^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 

CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CRI Fail       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CRI Recovery High V1, N4, 
N5 

  Use only if affected samples are ND 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

CRI Recovery Low V9   Data impacted; re-analysis should 
be performed 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICB Result Detected B1 V Use only if affected samples are ND 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICSA Recovery High     Data impacted; re-analysis should 
be performed 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICSA Recovery Low     Data impacted; re-analysis should 
be performed 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICSAB Recovery High     Data impacted; re-analysis should 
be performed 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICSAB Recovery Low     Data impacted; re-analysis should 
be performed 
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Flag Flag Text Conditions Arizona Florida Comment 
^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 

CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICSB Recovery       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICV Recovery High V1, V7   Use only if affected samples are ND 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICV Recovery Low V8, V9   Data impacted; re-analysis should 
be performed 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICVL Recovery High       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ICVL Recovery Low       

^ ICVH recovery was above method 
acceptance limits 

ICVH Recovery High       

^ ICVH recovery was below method 
acceptance limits 

ICVH Recovery Low       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

ISCA Recovery       

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

Linear Range Check High     Use only if affected samples are ND 
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Flag Flag Text Conditions Arizona Florida Comment 
^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 

CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

Linear Range Check Low     Data impacted; re-analysis should 
be performed 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

MRL Fail High V1, L3   Use only if affected samples are ND 

^ ICV, CCV, ICB, CCB, ISA, ISB, CRI, 
CRA, DLCK or MRL standard: 
Instrument related QC exceeds the 
control limits. 

MRL Fail Low V9, L4   Data impacted; re-analysis should 
be performed 

+ MSA correlation coefficient is less 
than 0.995. 

MSA CC < 0.995       

< Not detected at or above the 
reporting limit 

Not Detected       

> The analyte exceeded the indicated 
concentration 

Other3 - refer to flag       

4 MS, MSD: The analyte present in 
the original sample is 4 times 
greater than the matrix spike 
concentration; therefore, control 
limits are not applicable. 

Analyte 4X MS M3 J3   

B Compound was found in the blank 
and sample. 

PB Result Detected B1 V Data impacted; re-analysis should 
be performed 

b Result Detected in the USB USB Result Detected K5   For BOD--unseeded blank 

B7 Target analyte detected in method 
blank at or above method reporting 
limit.  Concentration found in the 
sample was 10 times above the 
concentration found in the blank. 

M1 Manual B7   Not used for Florida. For Florida, do 
not flag where sample results are 
>10x the method blank. 

BR Analyte breached action limit Result > Than Action Limit       
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Flag Flag Text Conditions Arizona Florida Comment 
c Compound exceeds routine control 

limits, but is within acceptable client 
specific calibration criteria 

Exceeds lab limits meets 
client limits 

      

C Pesticide identification was 
confirmed by GC/MS. 

Confirmed GCMS       

C See Case Narrative See Case Narrative N1     
CE1 1,4-DM-2,6-DNB & 1,4-DM-2,5-DNB 

Co-elute 
Other3 - refer to flag       

cn Refer to Case Narrative for further 
detail 

See Case Narrative N1     

D Sample results are obtained from a 
dilution; the surrogate or matrix 
spike recoveries reported are 
calculated from diluted samples. 

D1 Manual S8     

D Surrogate or matrix spike recoveries 
were not obtained because the 
extract was diluted for analysis; also 
compounds analyzed at a dilution 
may be flagged with a D. 

From a Dilution S8     

DW Result has been dry weight 
corrected 

Dry Weight       

E Result exceeded calibration range. Off scale high N1 L Data impacted; re-analysis should 
be performed 

F Duplicate RPD exceeds the control 
limit 

Duplicate RPD R9 J3 Specify if matrix interference 

F MS or MSD exceeds the control 
limits 

MS Recovery High M1, N1 J3   

F MS or MSD exceeds the control 
limits 

MS Recovery Low M2, N1 J3   

F MS or MSD exceeds the control 
limits 

MS Recovery       

F MS or MSD exceeds the control 
limits 

MSD Recovery High M1, N1 J3   



Document No.: 0001 
Revision No.:  24 

Effective Date: August 1, 2014  
Page 171 of 195 

 

Company Confidential & Proprietary 

Flag Flag Text Conditions Arizona Florida Comment 
F MS or MSD exceeds the control 

limits 
MSD Recovery Low M2, N1 J3   

F MS or MSD exceeds the control 
limits 

MSD Recovery       

F RPD of the MS and MSD exceeds 
the control limits 

MSD RPD R4, Q11 J3   

FT This analysis was performed in the 
field by the sampler whose name 
appears on the attached Chain of 
Custody form. 

Other4 - refer to flag       

g Result fails applicable drinking 
water standards 

Other2 - refer to flag T6     

h Alternate peak selection upon 
analytical review. 

Alternate Peak Selected       

H Sample was prepped or analyzed 
beyond the specified holding time 

Sample Analyzed out of 
HT 

H1, H2, 
H3 

Q Specify if received past HT, 
approved by client, re-prep outside 
but original within HT, etc. 

H Sample was prepped or analyzed 
beyond the specified holding time 

Sample Prepped out of HT H1  Q Specify if received past HT, 
approved by client, re-prep outside 
but original within HT, etc. 

HF Field parameter with a holding time 
of 15 minutes 

Sample HT is Immediate 
and is flagged. 

H5     

I Indicates the presence of an 
interference, recovery is not 
calculated. 

Not Reported - 
Interference 

  J4   

J Result is less than the RL but 
greater than or equal to the MDL 
and the concentration is an 
approximate value. 

Estimated Result E4 I   

K Benzo (b&k) fluoranthene are 
unresolved due to matrix, result is 
reported as Benzo(b)fluoranthene. 

Other2 - refer to flag       
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Flag Flag Text Conditions Arizona Florida Comment 
k Benzo (b&k) fluoranthene are 

unresolved due to matrix, result is 
reported as Benzo(k)fluoranthene. 

Other5 - refer to flag       

L A negative instrument reading had 
an absolute value greater than the 
reporting limit 

Absolute value of Negative 
Reading > RL 

    Metals--2x allowance for samples; 
remove if samples not more than -
2x 

LW Quantitated against gasoline Quantified as Gasoline       

N Presumptive evidence of material. Presumptive Evidence   N   

ND Compound not detected. Not Detected       
P The %RPD between the primary 

and confirmation column/detector is 
>40%. The higher value has been 
reported 

Report Higher if Dual 
Column RPD Difference > 
40% 

C6     

p The %RPD between the primary 
and confirmation column/detector is 
>40%. The lower value has been 
reported. 

Report Lower if Dual 
Column RPD Difference > 
40% 

C7     

Q Result was qualitatively confirmed, 
but not quantitated. 

Presented but not 
quantitated 

      

Q3 Sample received with improper 
chemical preservation. 

Other - refer to flag Q3     
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Flag Flag Text Conditions Arizona Florida Comment 
R The instrument was not calibrated 

for this compound.   A non-detect 
indicates that the characteristic ions 
were not present and the compound 
was not qualitatively identified.  No 
controls were present to determine 
either sample preparation efficiency 
or the instrument sensitivity for the 
compound.  As a result, the limit of 
detection is not known and the 
reported concentrations are 
estimates. 

Analyte Qualitatively 
Screened For 

T4     

S Result was determined by the 
Method of Standard Additions 

Result Determined by 
MSA 

M5     

s SCB Recovery exceeds limits. Seed Control Blank 
Recovery High 

K4   Seed control blank for BOD 

s SCB Recovery exceeds limits. Seed Control Blank 
Recovery Low 

K4   Seed control blank for BOD 

T Result is a tentatively identified 
compound (TIC) and an estimated 
value. 

Tentatively Identified 
Compound 

T4     

V Serial Dilution exceeds the control 
limits 

SD% Difference Failure       

W PS: Post-digestion spike was 
outside control limits 

Post Spike High       

W PS: Post-digestion spike was 
outside control limits 

Post Spike Low       

X Surrogate is outside control limits Surrogate Recovery High S10 J1 Use only if affected samples are ND 

X Surrogate is outside control limits Surrogate Recovery Low S7,S12 J1 Data impacted; re-extraction and/or 
analysis should be performed 

X Surrogate is outside control limits Surrogate Recovery       
Y The chromatographic response 

resembles a typical fuel pattern. 
Resembles Fuel Pattern       
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Flag Flag Text Conditions Arizona Florida Comment 
Z The chromatographic response 

does not resemble a typical fuel 
pattern. 

Does Not Resemble Fuel 
Pattern 

      

 
 
For Ohio VAP:  The laboratory must implement corrective action procedures to resolve the deviation and limit qualification of the final 
results.  The laboratory is not permitted to deviate from its VAP approved SOP if it intends to attest under affidavit that the “results” 
are VAP certified.  When all corrective actions listed in the SOP have been exhausted, it may be necessary to use technical 
judgment in which case the decision process and rationale is presented in the final report and/or affidavit and the data will be noted 
as ‘not VAP certified’ on the affidavit.  A discussion of bias is also required in the narrative. 
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Appendix 5.  Federal Appendix I - Constituents for Ass essment Monitoring 
(40 CFR Part 258) 

 

    
 Appendix I Constituents  

 CAS 
Registry 
Number 

 Maximum 
Contaminant  

Level 
(mg/L) 

RCRA 
Method 

VOLATILES    
Acetone 67-64-1  8260 
Acrylonitrile 107-13-1  8260 
Benzene 71-43-2 0.005 8260 
Bromochloromethane; Chlorobromomethane 74-97-5  8260 
Bromodichloromethane; Dichlorobromomethane 75-27-4 ** 8260 
Bromoform; Tribromomethane 75-25-5 ** 8260 
Carbon disulfide 75-15-0  8260 
Carbon tetrachloride 56-23-5 0.005 8260 
Chlorobenzene 108-90-7 0.1 8260 
Chloroethane; Ethyl chloride 75-00-3  8260 
Chloroform; Trichloro-methane 67-66-3 ** 8260 
Dibromochloromethane;  Chlorodibromomethane 124-48-1 ** 8260 
1,2-Dibromo-3-chloropro-pane; DBCP 96-12-8 0.0002 8011 
1,2-Dibromoethane; Ethylene dibromide; EDB 106-93-4 0.00005 8011 
o-Dichlorobenzene; 1,2-Dichlorobenzene 95-50-1 0.6 8260 
p-Dichlorobenzene; 1,4-Dichlorobenzene 106-46-7 0.075 8260 
trans-1,4-Dichloro-2-butene 110-57-6  8260 
1,1-Dichloroethane; Ethylidene chloride 75-34-3  8260 
1,2-Dichloroethane; Ethylene dichloride 107-06-2 0.005 8260 
1,1-Dichloroethylene; Vinylidene chloride; 1,1-
Dichloroethene 

75-35-4 0.007 8260 

cis-1,2-Dichloroethylene; cis-1,2-Dichloroethene 156-59-2 0.07 8260 
trans-1,2-Dichloroethylene; trans-1,2-Dichloroethene 156-60-5 0.1 8260 
1,2-Dichloropropane; Propylene dichloride 78-87-5 0.005 8260 
cis-1,3-Dichloropropene 10061-01-5  8260 
trans-1,3-Dichloropropene 10061-02-6  8260 
Ethylbenzene 100-41-4 0.7 8260 
2-Hexanone; Methyl butyl ketone 591-78-6  8260 
Methyl bromide; Bromomethane 74-83-9  8260 
Methyl chloride; Chloromethane 74-87-3  8260 
Methyl ethyl ketone; MEK; 2-Butanone 78-93-3  8260 
Methyl iodide; Iodomethane 74-88-4  8260 
4-Methyl-2-pentanone; Methyl isobutyl ketone 108-10-1  8260 
Methylene chloride; Dichloromethane 75-09-2 0.005 8260 
Styrene 100-42-5 0.1 8260 
1,1,1,2-Tetrachloroethane 630-20-6  8260 
1,1,2,2-Tetrachloroethane 79-34-5  8260 
Tetrachloroethylene; Tetrachloroethene; 
Perchloroethylene 

127-18-4 0.005 8260 

Toluene 108-88-3 1 8260 
1,1,1-Trichloroethane; Methyl chloroform 71-55-6 0.2 8260 
1,1,2-Trichloroethane 79-00-5 0.005 8260 
Trichloroethylene; Trichloroethene 79-01-6 0.005 8260 
Trichlorofluoromethane 75-69-4  8260 
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 Appendix I Constituents  

 CAS 
Registry 
Number 

 Maximum 
Contaminant  

Level 
(mg/L) 

RCRA 
Method 

1,2,3-Trichloropropane 96-18-4  8260 
Vinyl acetate 108-05-4  8260 
Vinyl chloride; Chloroethene 75-01-4 0.002 8260 
Xylene (total) 96-47-6, 

108-38-3, 
106-42-3, 
1330-20-7. 

10 8260 

METALS    
Antimony 7440-36-0 0.006 6010 
Arsenic 7440-38-2 0.05 6010 
Barium 7440-39-3 2.0 6010 
Beryllium 7440-41-7 0.004 6010 
Cadmium 7440-43-9 0.005 6010 
Chromium 7440-47-3 0.1 6010 
Cobalt 7440-48-4  6010 
Copper 7440-50-8 1 6010 
Lead 7439-92-1 0.015 6010 
Nickel 7440-02-0 0.1 6010 
Selenium 7782-49-2 0.05 6010 
Silver 7440-22-4 0.1 6010 
Thallium 7440-28-0 0.002 6010 
Vanadium 7440-62-2  6010 
Zinc  7440-66-6 5 6010 

 
Note :  Depending upon the state, additional constituents may be required.
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 Appendix II Constituents  

CAS 
Registry 
Number 

Maximum 
Contaminant  

Level 
(mg/L) 

RCRA 
Method 

VOLATILES    
Acetone 67-64-1  8260 
Acetonitrile; Methyl cyanide 75-05-8  8260 
Acrolein 107-02-8  8260 
Acrylonitrile 107-13-1  8260 
Allyl chloride 107-05-1  8260 
Benzene 71-43-2 0.005 8260 
Bromochloromethane; Chlorobromomethane 74-97-5  8260 
Bromodichloromethane; Dichlorobromomethane 75-27-4 ** 8260 
Bromoform; Tribromomethane 75-25-5 ** 8260 
Carbon disulfide 75-15-0  8260 
Carbon tetrachloride 56-23-5 0.005 8260 
Chlorobenzene 108-90-7 0.1 8260 
Chloroethane; Ethyl chloride 75-00-3  8260 
Chloroform; Trichlorome-thane 67-66-3 ** 8260 
Chloroprene 126-99-8  8260 
Dibromochloromethane;  Chlorodibromomethane 124-48-1 ** 8260 
1,2-Dibromo-3-chloropro-pane; DBCP 96-12-8 0.0002 8011 
1,2-Dibromoethane; Ethylene dibromide; EDB 106-93-4 0.00005 8011 
o-Dichlorobenzene; 1,2-Dichlorobenzene 95-50-1 0.6 8260 
m-Dichlorobenzene; 1,3-Dichlorobenzene 541-73-1  8260 
p-Dichlorobenzene; 1,4-Dichlorobenzene 106-46-7 0.075 8260 
trans-1,4-Dichloro-2-butene 110-57-6  8260 
Dichlorodifluoromethane 75-71-8  8260 
1,1-Dichloroethane; Ethylidene chloride 75-34-3  8260 
1,2-Dichloroethane; Ethylene dichloride 107-06-2 0.005 8260 
1,1-Dichloroethylene; Vinylidene chloride; 1,1-Dichloroethene 75-35-4 0.007 8260 
cis-1,2-Dichloroethylene; cis-1,2-Dichloroethene 156-59-2 0.07 8260 
trans-1,2-Dichloroethylene; trans-1,2-Dichloroethene 156-60-5 0.1 8260 
1,2-Dichloropropane; Propylene dichloride 78-87-5 0.005 8260 
1,3-Dichloropropane; Trimethylene dichloride 142-28-9  8260 
2,2-Dichloropropane; Isopropylidene chloride 594-20-7  8260 
1,1-Dichloropropene 563-58-6  8260 
cis-1,3-Dichloropropene 10061-01-5  8260 
trans-1,3-Dichloropropene 10061-02-6  8260 
Ethylbenzene 100-41-4 0.7 8260 
Ethyl methacrylate 97-63-2  8260 
2-Hexanone; Methyl butyl ketone 591-78-6  8260 
Isobutyl alcohol 78-83-1  8260 
Methacrylonitrile 126-98-7  8260 
Methyl bromide; Bromomethane 74-83-9  8260 
Methyl chloride; Chloromethane 74-87-3  8260 
Methyl ethyl ketone; MEK; 2-Butanone 78-93-3  8260 
Methyl iodide; Iodomethane 74-88-4  8260 
Methyl methacrylate 80-62-6  8260 
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 Appendix II Constituents  

CAS 
Registry 
Number 

Maximum 
Contaminant  

Level 
(mg/L) 

RCRA 
Method 

4-Methyl-2-pentanone; Methyl isobutyl ketone 108-10-1  8260 
Methylene bromide; Dibromomethane 74-95-3  8260 
Methylene chloride; Dichloromethane 75-09-2 0.005 8260 
Propionitrile; Ethyl cyanide 107-12-0  8260 
Styrene 100-42-5 0.1 8260 
1,1,1,2-Tetrachloroethane 630-20-6  8260 
1,1,2,2-Tetrachloroethane 79-34-5  8260 
Tetrachloroethylene; Tetrachloroethene; Perchloroethylene 127-18-4 0.005 8260 
Toluene 108-88-3 1 8260 
1,1,1-Trichloroethane; Methyl chloroform 71-55-6 0.2 8260 
1,1,2-Trichloroethane 79-00-5 0.005 8260 
Trichloroethylene; Trichloroethene 79-01-6 0.005 8260 
Trichlorofluoromethane 75-69-4  8260 
1,2,3-Trichloropropane 96-18-4  8260 
Vinyl acetate 108-05-4  8260 
Vinyl chloride; Chloroethene 75-01-4 0.002 8260 
Xylene (total) 96-47-6, 

108-38-3, 
106-42-3, 
1330-20-7. 

10 8260 

SEMIVOLATILES    
Acenaphthene 83-32-9   8270 
Acenaphthylene 208-96-8  8270 
Acetophenone 98-86-2  8270 
2-Acetylaminofluorene; 2-AAF 53-96-3  8270 
4-Aminobiphenyl 92-67-1  8270 
Anthracene 120-12-7  8270 
Benzo[a]anthracene; Benzathracene 56-55-3  8270 
Benzo[b]fluoranthene 205-99-2  8270 
Benzo[k]fluoranthene 207-08-9  8270 
Benzo[ghi]perylene 191-24-2  8270 
Benzyl alcohol 100-51-6  8270 
Bis(2-chloroethoxy)methane 111-91-1  8270 
Bis(2-chloroethyl)ether; Dichloroethyl ether 111-44-4  8270 
Bis(2-chloroisopropyl)ether; Bis(2-chloro-1-methylethyl) ether; 
2,2-Dichlorodiisopro-pyl ether; DCIP 

108-60-1  8270 

Bis(2-ethylhexyl) phthalate 117-81-7 0.006 8270 
4-Bromophenyl phenyl ether 101-55-3  8270 
Butyl benzyl phthalate 85-68-7  8270 
p-Chloroaniline; 4-Chloro-aniline 106-47-8  8270 
Chlorobenzilate 510-15-6  8270 
p-Chloro-m-cresol; 4-Chloro-3-methylphenol 59-50-7  8270 
2-Chloronaphthalene 91-58-7  8270 
2-Chlorophenol 95-57-8  8270 
4-Chlorophenyl phenyl ether 7005-72-3  8270 
Chrysene 218-01-9  8270 
m-Cresol; 3-Methylphenol 108-39-4  8270 
o-Cresol; 2-Methylphenol 95-48-7  8270 
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Level 
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RCRA 
Method 

p-Cresol; 4-Methylphenol 106-44-5  8270 
Diallate 2303-16-4  8270 
Dibenz[a,h]anthracene 53-70-3  8270 
Dibenzofuran 132-64-9  8270 
Di-n-butyl phthalate 84-74-2  8270 
3,3'-Dichlorobenzidine 91-94-1  8270 
2,4-Dichlorophenol 120-83-2  8270 
2,6-Dichlorophenol 87-65-0  8270 
Diethyl phthalate 84-66-2  8270 
o,o-Diethyl-o-2-pyrazinyl phosphorothioate; Thionazin 297-97-2  8270 
Dimethoate 60-51-5  8270 
p-(Dimethylamino)azoben-zene 60-11-7  8270 
7,12-Dimethylbenz[a]an-thracene 57-97-6  8270 
3,3'-Dimethylbenzidine 119-93-7  8270 
2,4-Dimethylphenol 105-67-9  8270 
Dimethyl phthalate 131-11-3  8270 
m-Dinitrobenzene 99-65-0  8270 
4,6-Dinitro-o-cresol; 4,6-Dinitro-2-methylphenol 534-52-1  8270 
2,4-Dinitrophenol 51-28-5  8270 
2,4-Dinitrotoluene 121-4-2  8270 
2,6-Dinitrotoluene 606-20-2  8270 
Di-n-octyl phthalate 117-84-0  8270 
Diphenylamine 122-39-4  8270 
Disulfoton 298-04-4  8270 
Ethyl methanesulfonate 62-50-0  8270 
Famphur 52-85-7  8270 
Fluoranthene 206-44-0  8270 
Fluorene 86-73-7  8270 
Hexachlorobenzene 118-74-1 0.001 8270 
Hexachlorobutadiene 87-68-3  8270 
Hexachlorocyclopentadiene 77-47-4 0.05 8270 
Hexachloroethane 67-72-1  8270 
Hexacloroproprene 1888-71-7  8270 
Indeno[1,2,3-cd]pyrene 193-39-5  8270 
Isodrin 465-73-6  8270 
Isophorone 78-59-1  8270 
Isosafrole 120-58-1  8270 
Kepone 143-50-0  8270 
Methapyrilene 91-80-5  8270 
3-Methylcholanthrene 56-49-5  8270 
Methyl methanesulfonate 66-27-3  8270 
2-Methylnaphthalene 91-57-6  8270 
Methyl parathion; Parathion methyl 298-00-0  8270 
Naphthalene 91-20-3  8270 
1,4-Naphthoquinone 130-15-4  8270 
1-Naphthylamine 134-32-7  8270 
2-Naphthylamine 91-59-8  8270 
o-Nitroaniline; 2-Nitroaniline 88-74-4  8270 
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Level 
(mg/L) 

RCRA 
Method 

m-Nitroaniline;3-Nitroaniline 99-09-2  8270 
p-Nitroaniline; 4-Nitroaniline 100-01-6  8270 
Nitrobenzene 98-95-3  8270 
o-Nitrophenol; 2-Nitrophenol 88-75-5  8270 
p-Nitrophenol; 4-Nitrophenol 100-02-7  8270 
N-nitrosodi-n-butylamine 924-16-3  8270 
N-nitrosodiethylamine 55-18-5  8270 
N-nitrosodimethylamine 62-75-9  8270 
N-nitrosodiphenylamine 86-30-6  8270 
N-nitrosodipropylamine; Di-n-propyl-nitrosamine; N-nitroso-n-
dipropylamine 

621-64-7  8270 

N-nitrosomethylethylamine 1059-95-6  8270 
N-nitrosopiperidine 100-75-4  8270 
N-nitrosopyrrolidine 930-55-2  8270 
5-Nitro-o-toluidine 99-55-8  8270 
Parathion 56-38-2  8270 
Pentachlorobenzene 608-93-5  8270 
Pentachloronitrobenzene 82-68-8  8270 
Phenacetin 62-44-2  8270 
Phenanthrene 85-01-8  8270 
Phenol 108-95-2  8270 
p-Phenylenediamine 106-50-3  8270 
Phorate 298-02-2  8270 
Pronamide 23950-58-5  8270 
Pyrene 129-00-0  8270 
Safrole 94-59-7  8270 
1,2,4,5-Tetrachlorobenzene 95-94-3  8270 
2,3,4,6-Tetrachlorophenol 58-90-2  8270 
o-Toluidine 95-53-4  8270 
1,2,4-Trichlorobenzene 120-82-1  8270 
2,4,5-Trichlorophenol 95-95-4  8270 
2,4,6-Trichlorophenol 88-06-2  8270 
o,o,o-Triethyl phosphoro-thioate; Terbufos 126-68-1  8270 
sym-Trinitrobenzene; 1,3,5-Trinitrobenzene 99-35-4   8270 
Benzo[a]pyrene 50-32-8 0.0002 8310 
ORGANOCHLORINE PESTICIDES/PCBs    
Aldrin 309-00-2  8081 
alpha-BHC; alpha-Benzene hexachloride 319-84-6  8081 
beta-BHC; beta-Benzene hexachloride 309-85-7  8081 
delta-BHC;delta-Benzene hexachloride 319-86-8  8081 
gamma-BHC; gamma-Benzene hexachloride; Lindane 58-89-9 0.0002 8081 
alpha-Chlordane 5103-71-9 0.002 8081 
gamma-Chlordane 5103-74-2 0.002 8081 
4,4'-DDD 72-54-8  8081 
4,4'-DDE 72-55-9  8081 
4,4'-DDT 50-29-3  8081 
Dieldrin 60-57-1  8081 
Endosulfan I 959-98-8  8081 
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Endosulfan II 33213-65-9  8081 
Endosulfan sulfate 1031-07-8  8081 
Endrin 72-20-8 0.002 8081 
Endrin aldehyde 7421-93-4  8081 
Heptachlor 76-44-8 0.0004 8081 
Heptachlor epoxide 1024-57-3 0.0002 8081 
Methoxychlor 72-43-5 0.04 8081 
Toxaphene 8001-35-2 0.003 8081 
Polychlorinated biphenyls; PCBs; Aroclors 1336-36-3, 

12674-11-2, 
11104-28-2, 
11141-16-5, 
53469-21-9, 
12672-29-6, 
11097-69-1, 
11096-82-5 

0.0005 8082 

HERBICIDES    
2,4-D; 2,4-Dichlorophenoxy-acetic acid 94-75-7 0.02 8151 
2,4,5-T; 2,4,5-Trichlorophen-oxyacetic acid 93-76-5  8151 
2,4,5-TP; 2,4,5-Trichloro-phenoxypropanoic acid; Silvex 93-72-1 0.05 8151 
Dinoseb; DNBP; 2-sec-Butyl-4,6-dinitrophenol 88-85-7  8151 
Pentachlorophenol 87-86-5 0.001 8151 
METALS    
Antimony 7440-36-0 0.006 6010 
Arsenic 7440-38-2 0.05 6010 
Barium 7440-39-3 2.0 6010 
Beryllium 7440-41-7 0.004 6010 
Cadmium 7440-43-9 0.005 6010 
Chromium 7440-47-3 0.1 6010 
Cobalt 7440-48-4  6010 
Copper 7440-50-8 1 6010 
Lead 7439-92-1 0.015 6010 
Nickel 7440-02-0 0.1 6010 
Selenium 7782-49-2 0.05 6010 
Silver 7440-22-4 0.1 6010 
Thallium 7440-28-0 0.002 6010 
Tin 7440-31-5  6010 
Vanadium 7440-62-2  6010 
Zinc  7440-66-6 5 6010 
Mercury  7439-97-6 0.002 7470 
OTHER INORGANICS    
Cyanide 57-12-5 0.2 as Free 9012 
Sulfide 18496-25-8   9034 
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Appendix IX Constituents  

CAS 
Registry 
Number 

RCRA 
Method 

VOLATILES   
Acetone 67-64-1 8260 
Acetonitrile; Methyl cyanide 75-05-8 8260 
Acrolein 107-02-8 8260 
Acrylonitrile 107-13-1 8260 
Allyl chloride 107-05-1 8260 
Benzene 71-43-2 8260 
Bromodichloromethane; Dichlorobromomethane 75-27-4 8260 
Bromoform; Tribromomethane 75-25-5 8260 
Carbon disulfide 75-15-0 8260 
Carbon tetrachloride 56-23-5 8260 
Chlorobenzene 108-90-7 8260 
Chloroethane; Ethyl chloride 75-00-3 8260 
Chloroform; Trichloro-methane 67-66-3 8260 
Chloroprene 126-99-8 8260 
Dibromochloromethane;  Chlorodibromomethane 124-48-1 8260 
1,2-Dibromo-3-chloropro-pane; DBCP 96-12-8 8260 
1,2-Dibromoethane; Ethylene dibromide; EDB 106-93-4 8260 
o-Dichlorobenzene; 1,2-Dichlorobenzene 95-50-1 8260 
m-Dichlorobenzene; 1,3-Dichlorobenzene 541-73-1 8260 
p-Dichlorobenzene; 1,4-Dichlorobenzene 106-46-7 8260 
trans-1,4-Dichloro-2-butene 110-57-6 8260 
Dichlorodifluoromethane 75-71-8 8260 
1,1-Dichloroethane; Ethylidene chloride 75-34-3 8260 
1,2-Dichloroethane; Ethylene dichloride 107-06-2 8260 
1,1-Dichloroethylene; Vinylidene chloride; 1,1-Dichloroethene 75-35-4 8260 
trans-1,2-Dichloroethylene; trans-1,2-Dichloroethene 156-60-5 8260 
1,2-Dichloropropane; Propylene dichloride 78-87-5 8260 
cis-1,3-Dichloropropene 10061-01-5 8260 
trans-1,3-Dichloropropene 10061-02-6 8260 
1,4-Dioxane 123-91-1 8260 
Ethylbenzene 100-41-4 8260 
Ethyl methacrylate 97-63-2 8260 
Hexachlorobutadiene 87-68-3 8260 
2-Hexanone; Methyl butyl ketone 591-78-6 8260 
Isobutyl alcohol 78-83-1 8260 
Methacrylonitrile 126-98-7 8260 
Methyl bromide; Bromomethane 74-83-9 8260 
Methyl chloride; Chloromethane 74-87-3 8260 
Methyl ethyl ketone; MEK; 2-Butanone 78-93-3 8260 
Methyl iodide; Iodomethane 74-88-4 8260 
Methyl methacrylate 80-62-6 8260 
4-Methyl-2-pentanone; Methyl isobutyl ketone 108-10-1 8260 
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Methylene bromide; Dibromomethane 74-95-3 8260 
Methylene chloride; Dichloromethane 75-09-2 8260 
Propionitrile; Ethyl cyanide 107-12-0 8260 
Styrene 100-42-5 8260 
1,1,1,2-Tetrachloroethane 630-20-6 8260 
1,1,2,2-Tetrachloroethane 79-34-5 8260 
Tetrachloroethylene; Tetrachloroethene; Perchloroethylene 127-18-4 8260 
Toluene 108-88-3 8260 
1,1,1-Trichloroethane; Methyl chloroform 71-55-6 8260 
1,1,2-Trichloroethane 79-00-5 8260 
Trichloroethylene; Trichloroethene 79-01-6 8260 
Trichlorofluoromethane 75-69-4 8260 
1,2,3-Trichloropropane 96-18-4 8260 
Vinyl acetate 108-05-4 8260 
Vinyl chloride; Chloroethene 75-01-4 8260 
Xylenes (total) 96-47-6, 

108-38-3, 
106-42-3, 
1330-20-7. 

8260 

SEMIVOLATILES   
Acenaphthene 83-32-9 8270 
Acenaphthylene 208-96-8 8270 
Acetophenone 98-86-2 8270 
2-Acetylaminofluorene; 2-AAF 53-96-3 8270 
4-Aminobiphenyl 92-67-1 8270 
Aniline 62-53-3 8270 
Anthracene 120-12-7 8270 
Aramite 140-57-8 8270 
Benzo(a)anthracene; Benzathracene 56-55-3 8270 
Benzo(a)pyrene 50-32-8 8270 
Benzo(b)fluoranthene 205-99-2 8270 
Benzo(k)fluoranthene 207-08-9 8270 
Benzo(ghi)perylene 191-24-2 8270 
Benzyl alcohol 100-51-6 8270 
Bis(2-chloroethoxy)methane 111-91-1 8270 
Bis(2-chloroethyl)ether; Dichloroethyl ether 111-44-4 8270 
Bis(2-chloro-1-methylethyl) ether; 2,2-Dichlorodiiso-propyl 
ether; DCIP 

108-60-1 8270 

Bis(2-ethylhexyl) phthalate 117-81-7 8270 
4-Bromophenyl phenyl ether 101-55-3 8270 
Butyl benzyl phthalate 85-68-7 8270 
p-Chloroaniline; 4-Chloro-aniline 106-47-8 8270 
Chlorobenzilate 510-15-6 8270 
p-Chloro-m-cresol; 4-Chloro-3-methylphenol 59-50-7 8270 
2-Chloronaphthalene 91-58-7 8270 
2-Chlorophenol 95-57-8 8270 
4-Chlorophenyl phenyl ether 7005-72-3 8270 
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Chrysene 218-01-9 8270 
m-Cresol; 3-Methylphenol 108-39-4 8270 
o-Cresol; 2-Methylphenol 95-48-7 8270 
p-Cresol; 4-Methylphenol 106-44-5 8270 
Diallate 2303-16-4 8270 
Dibenz(a,h)anthracene 53-70-3 8270 
Dibenzofuran 132-64-9 8270 
Di-n-butyl phthalate 84-74-2 8270 
3,3'-Dichlorobenzidine 91-94-1 8270 
2,4-Dichlorophenol 120-83-2 8270 
2,6-Dichlorophenol 87-65-0 8270 
Diethyl phthalate 84-66-2 8270 
o,o-Diethyl-o-2-pyrazinyl phosphorothioate; Thionazine 297-97-2 8270 
Dimethoate 60-51-5 8270 
p-(Dimethylamino)azobenzene 60-11-7 8270 
7,12-Dimethylbenz(a)anthracene 57-97-6 8270 
3,3'-Dimethylbenzidine 119-93-7 8270 
2,4-Dimethylphenol 105-67-9 8270 
Dimethyl phthalate 131-11-3 8270 
a,a-Dimethylphenethylamine 122-09-8 8270 
m-Dinitrobenzene; 1,3-Dinitrobenzene 99-65-0 8270 
4,6-Dinitro-o-cresol; 4,6-Dinitro-2-methylphenol 534-52-1 8270 
2,4-Dinitrophenol 51-28-5 8270 
2,4-Dinitrotoluene 121-4-2 8270 
2,6-Dinitrotoluene 606-20-2 8270 
Di-n-octyl phthalate 117-84-0 8270 
Dinoseb; DNBP; 2-sec-Butyl-4,6-dinitrophenol 88-85-7 8270 
Diphenylamine 122-39-4 8270 
Disulfoton 298-04-4 8270 
Ethyl methanesulfonate 62-50-0 8270 
Famphur 52-85-7 8270 
Fluoranthene 206-44-0 8270 
Fluorene 86-73-7 8270 
Hexachlorobenzene 118-74-1 8270 
Hexachlorobutadiene 87-68-3 8270 
Hexachlorocyclopentadiene 77-47-4 8270 
Hexachloroethane 67-72-1 8270 
Hexachlorophene 70-30-4 8270 
Hexacloroproprene 1888-71-7 8270 
Indeno(1,2,3-cd)pyrene 193-39-5 8270 
Isodrin 465-73-6 8270 
Isophorone 78-59-1 8270 
Isosafrole 120-58-1 8270 
Kepone 143-50-0 8270 
Methapyrilene 91-80-5 8270 
3-Methylcholanthrene 56-49-5 8270 
Methyl methanesulfonate 66-27-3 8270 
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2-Methylnaphthalene 91-57-6 8270 
Methyl parathion; Parathion methyl 298-00-0 8270 
Naphthalene 91-20-3 8270 
1,4-Naphthoquinone 130-15-4 8270 
1-Naphthylamine 134-32-7 8270 
2-Naphthylamine 91-59-8 8270 
o-Nitroaniline; 2-Nitroaniline 88-74-4 8270 
m-Nitroaniline;3-Nitroaniline 99-09-2 8270 
p-Nitroaniline; 4-Nitroaniline 100-01-6 8270 
Nitrobenzene 98-95-3 8270 
5-Nitro-o-toluidine 99-55-8 8270 
o-Nitrophenol; 2-Nitrophenol 88-75-5 8270 
p-Nitrophenol; 4-Nitrophenol 100-02-7 8270 
4-Nitroquinoline 1-oxide 56-57-5 8270 
N-nitrosodi-n-butylamine 924-16-3 8270 
N-nitrosodiethylamine 55-18-5 8270 
N-nitrosodimethylamine 62-75-9 8270 
N-nitrosodiphenylamine 86-30-6 8270 
N-nitrosodipropylamine; Di-n-propyl-nitrosamine; N-nitroso-n-
dipropylamine 

621-64-7 8270 

N-nitrosomethylethylamine 1059-95-6 8270 
N-nitrosomorpholine 59-89-2 8270 
N-nitrosopiperidine 100-75-4 8270 
N-nitrosopyrrolidine 930-55-2 8270 
Parathion 56-38-2 8270 
Pentachlorobenzene 608-93-5 8270 
Pentachloroethane 76-01-7 8270 
Pentachloronitrobenzene 82-68-8 8270 
Pentachlorophenol 87-86-5 8270 
Phenacetin 62-44-2 8270 
Phenanthrene 85-01-8 8270 
Phenol 108-95-2 8270 
p-Phenylenediamine; 1,4-Phenylenediamine 106-50-3 8270 
Phorate 298-02-2 8270 
2-Picoline 109-06-8 8270 
Pronamide 23950-58-5 8270 
Pyrene 129-00-0 8270 
Pyridine 110-86-1 8270 
Safrole 94-59-7 8270 
1,2,4,5-Tetrachlorobenzene 95-94-3 8270 
2,3,4,6-Tetrachlorophenol 58-90-2 8270 
Tetraethylpyrophosphate, Sulfotep 3689-24-5 8270 
o-Toluidine 95-53-4 8270 
1,2,4-Trichlorobenzene 120-82-1 8270 
2,4,5-Trichlorophenol 95-95-4 8270 
2,4,6-Trichlorophenol 88-06-2 8270 
o,o,o-Triethyl phosphoro-thioate; Terbufos 126-68-1 8270 
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sym-Trinitrobenzene; 1,3,5-Trinitrobenzene 99-35-4 8270 
ORGANOCHLORINE PESTICIDES/PCBs   
Aldrin 309-00-2 8081 
alpha-BHC; alpha-Benzene hexachloride 319-84-6 8081 
beta-BHC; beta-Benzene hexachloride 309-85-7 8081 
delta-BHC;delta-Benzene hexachloride 319-86-8 8081 
gamma-BHC; gamma-Benzene hexachloride; Lindane 58-89-9 8081 
alpha-Chlordane 5103-71-9 8081 
gamma-Chlordane 5103-74-2 8081 
4,4'-DDD 72-54-8 8081 
4,4'-DDE 72-55-9 8081 
4,4'-DDT 50-29-3 8081 
Dieldrin 60-57-1 8081 
Endosulfan I 959-98-8 8081 
Endosulfan II 33213-65-9 8081 
Endosulfan sulfate 1031-07-8 8081 
Endrin 72-20-8 8081 
Endrin aldehyde 7421-93-4 8081 
Heptachlor 76-44-8 8081 
Heptachlor epoxide 1024-57-3 8081 
Methoxychlor 72-43-5 8081 
Toxaphene 8001-35-2 8081 
Polychlorinated biphenyls; PCBs; Aroclors 1336-36-3, 

12674-11-2, 
11104-28-2, 
11141-16-5, 
53469-21-9, 
12672-29-6, 
11097-69-1, 
11096-82-5 

8082 

HERBICIDES   
2,4-D; 2,4-Dichlorophenoxy-acetic acid 94-75-7 8151 
2,4,5-T; 2,4,5-Trichlorophen-oxyacetic acid 93-76-5 8151 
2,4,5-TP; 2,4,5-Trichloro-phenoxypropanoic acid; Silvex 93-72-1 8151 
METALS   
Antimony 7440-36-0 6010 
Arsenic 7440-38-2 6010 
Barium 7440-39-3 6010 
Beryllium 7440-41-7 6010 
Cadmium 7440-43-9 6010 
Chromium 7440-47-3 6010 
Cobalt 7440-48-4 6010 
Copper 7440-50-8 6010 
Lead 7439-92-1 6010 
Nickel 7440-02-0 6010 
Selenium 7782-49-2 6010 
Silver 7440-22-4 6010 
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Thallium 7440-28-0 6010 
Tin 7440-31-5 6010 
Vanadium 7440-62-2 6010 
Zinc  7440-66-6 6010 
Mercury  7439-97-6 7470,7471 
OTHER INORGANICS   
Cyanide 57-12-5 9012 
Sulfide 18496-25-8 9034 
DIOXINS   
2,3,7,8-Tetrachlorodibenzo-o-dioxin 1746-01-6 8280 / 8290 
Polychlorinated dibenzo-furans; PCDFs NA 8280 / 8290 
Polychlorinated dibenzo-p-dioxins; PCDDs NA 8280 / 8290 
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TCL/TAL Constituents  

CAS 
Registry 
Number 

RCRA 
Method 

VOLATILES   
Acetone 67-64-1 8260 
Benzene 71-43-2 8260 
Bromochloromethane 74-97-5 8260 
Bromodichloromethane; Dichlorobromomethane 75-27-4 8260 
Bromoform; Tribromomethane 75-25-5 8260 
Carbon disulfide 75-15-0 8260 
Carbon tetrachloride 56-23-5 8260 
Chlorobenzene 108-90-7 8260 
Chloroethane; Ethyl chloride 75-00-3 8260 
Chloroform; Trichlorome-thane 67-66-3 8260 
Cyclohexane 110-82-7 8260 
Dibromochloromethane;  Chlorodibromomethane 124-48-1 8260 
1,2-Dibromomethane 106-93-4 8260 
1,2-Dibromo-3-chloropropane 96-12-8 8260 
o-Dichlorobenzene; 1,2-Dichlorobenzene 95-50-1 8260 
m-Dichlorobenzene; 1,3-Dichlorobenzene 541-73-1 8260 
p-Dichlorobenzene; 1,4-Dichlorobenzene 106-46-7 8260 
Dichlorodifluoromethane 75-71-8 8260 
1,1-Dichloroethane; Ethylidene chloride 75-34-3 8260 
1,2-Dichloroethane; Ethylene dichloride 107-06-2 8260 
1,1-Dichloroethylene; Vinylidene chloride; 1,1-
Dichloroethene 

75-35-4 8260 

cis-1,2-Dichloroethylene; cis-1,2-Dichloroethene 156-59-2 8260 
trans-1,2-Dichloroethylene; trans-1,2-Dichloroethene 156-60-5 8260 
1,2-Dichloropropane; Propylene dichloride 78-87-5 8260 
cis-1,3-Dichloropropene 10061-01-5 8260 
trans-1,3-Dichloropropene 10061-02-6 8260 
1,4-Dioxane 123-91-1 8260 
Ethylbenzene 100-41-4 8260 
2-Hexanone; Methyl butyl ketone 591-78-6 8260 
Isopropylbenzene 98-82-8 8260 
Methyl acetate 79-20-9 8260 
Methyl bromide; Bromomethane 74-83-9 8260 
Methyl chloride; Chloromethane 74-87-3 8260 
Methylcyclohexane 108-87-2 8260 
Methyl ethyl ketone; MEK; 2-Butanone 78-93-3 8260 
Methyl tert-butyl ether 1634-04-4 8260 
4-Methyl-2-pentanone; Methyl isobutyl ketone 108-10-1 8260 
Methylene chloride; Dichloromethane 75-09-2 8260 
Styrene 100-42-5 8260 
1,1,2,2-Tetrachloroethane 79-34-5 8260 
Tetrachloroethylene; Tetrachloroethene; Perchloroethylene 127-18-4 8260 
Toluene 108-88-3 8260 
1,2,3-Trichlorobenzene 87-61-6 8260 
1,2,4-Trichlorobenzene 120-82-1 8260 
1,1,1-Trichloroethane; Methyl chloroform 71-55-6 8260 
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TCL/TAL Constituents  
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Registry 
Number 

RCRA 
Method 

1,1,2-Trichloroethane 79-00-5 8260 
Trichloroethylene; Trichloroethene 79-01-6 8260 
Trichlorofluoromethane 75-69-4 8260 
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 8260 
Vinyl chloride; Chloroethene 75-01-4 8260 
m-,p-Xylene 179601-23-1 8260 
o-Xylene 95-47-6 8260 
Xylene (total) 96-47-6, 108-

38-3, 106-42-
3, 1330-20-7. 

8260 

SEMIVOLATILES   
Acenaphthene 83-32-9 8270 
Acenaphthylene 208-96-8 8270 
Acetophenone 98-86-2 8270 
Anthracene 120-12-7 8270 
Atrazine 1912-94-9 8270 
Benzaldehyde 100-52-7 8270 
Benzo(a)anthracene; Benzathracene 56-55-3 8270 
Benzo(a)pyrene 50-32-8 8270 
Benzo(b)fluoranthene 205-99-2 8270 
Benzo(k)fluoranthene 207-08-9 8270 
Benzo(ghi)perylene 191-24-2 8270 
1,1’-Biphenyl 92-52-4 8270 
Bis(2-chloroethoxy)methane 111-91-1 8270 
Bis(2-chloroethyl)ether; Dichloroethyl ether 111-44-4 8270 
Bis(2-chloro-1-methylethyl) ether; 2,2-Dichlorodiisopropyl 
ether; DCIP; 2,2’-Oxybis(1-chloropropane) 

108-60-1 8270 

Bis(2-ethylhexyl) phthalate 117-81-7 8270 
4-Bromophenyl phenyl ether 101-55-3 8270 
Butyl benzyl phthalate 85-68-7 8270 
Caprolactam 105-60-2 8270 
Carbazole 86-74-8 8270 
4-Chloroaniline 106-47-8 8270 
p-Chloro-m-cresol; 4-Chloro-3-methylphenol 59-50-7 8270 
2-Chloronaphthalene 91-58-7 8270 
2-Chlorophenol 95-57-8 8270 
4-Chlorophenyl phenyl ether 7005-72-3 8270 
Chrysene 218-01-9 8270 
m-Cresol; 3-Methylphenol 108-39-4 8270 
o-Cresol; 2-Methylphenol 95-48-7 8270 
p-Cresol; 4-Methylphenol 106-44-5 8270 
Dibenz(a,h)anthracene 53-70-3 8270 
Dibenzofuran 132-64-9 8270 
Di-n-butyl phthalate 84-74-2 8270 
3,3'-Dichlorobenzidine 91-94-1 8270 
2,4-Dichlorophenol 120-83-2 8270 
Diethyl phthalate 84-66-2 8270 
2,4-Dimethylphenol 105-67-9 8270 
Dimethyl phthalate 131-11-3 8270 
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4,6-Dinitro-o-cresol; 4,6-Dinitro-2-methylphenol 534-52-1 8270 
2,4-Dinitrophenol 51-28-5 8270 
2,4-Dinitrotoluene 121-4-2 8270 
2,6-Dinitrotoluene 606-20-2 8270 
Di-n-octyl phthalate 117-84-0 8270 
Fluoranthene 206-44-0 8270 
Fluorene 86-73-7 8270 
Hexachlorobenzene 118-74-1 8270 
Hexachlorobutadiene 87-68-3 8270 
Hexachlorocyclopentadiene 77-47-4 8270 
Hexachloroethane 67-72-1 8270 
Indeno(1,2,3-cd)pyrene 193-39-5 8270 
Isophorone 78-59-1 8270 
2-Methylnaphthalene 91-57-6 8270 
Naphthalene 91-20-3 8270 
o-Nitroaniline; 2-Nitroaniline 88-74-4 8270 
m-Nitroaniline;3-Nitroaniline 99-09-2 8270 
p-Nitroaniline; 4-Nitroaniline 100-01-6 8270 
Nitrobenzene 98-95-3 8270 
o-Nitrophenol; 2-Nitrophenol 88-75-5 8270 
p-Nitrophenol; 4-Nitrophenol 100-02-7 8270 
n-Nitrosodiphenylamine 86-30-6 8270 
n-Nitrosodipropylamine; Di-n-propyl-nitrosamine; N-nitroso-n-
dipropylamine 

621-64-7 8270 

Pentachlorophenol 87-86-5 8270 
Phenanthrene 85-01-8 8270 
Phenol 108-95-2 8270 
Pyrene 129-00-0 8270 
1,2,4,5-Tetrachlorobenzene 95-94-3 8270 
2,3,4,6-Tetrachlorophenol 58-90-2 8270 
2,4,5-Trichlorophenol 95-95-4 8270 
2,4,6-Trichlorophenol 88-06-2 8270 
ORGANOCHLORINE PESTICIDES/PCBs   
Aldrin 309-00-2 8081 
alpha-BHC; alpha-Benzene hexachloride 319-84-6 8081 
beta-BHC; beta-Benzene hexachloride 309-85-7 8081 
delta-BHC;delta-Benzene hexachloride 319-86-8 8081 
gamma-BHC; gamma-Benzene hexachloride; Lindane 58-89-9 8081 
alpha-Chlordane 5103-71-9 8081 
gamma-Chlordane 5103-74-2 8081 
4,4'-DDD 72-54-8 8081 
4,4'-DDE 72-55-9 8081 
4,4'-DDT 50-29-3 8081 
Dieldrin 60-57-1 8081 
Endosulfan I 959-98-8 8081 
Endosulfan II 33213-65-9 8081 
Endosulfan sulfate 1031-07-8 8081 
Endrin 72-20-8 8081 
Endrin aldehyde 7421-93-4 8081 
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Registry 
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RCRA 
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Endrin ketone 53494-70-5 8081 
Heptachlor 76-44-8 8081 
Heptachlor epoxide 1024-57-3 8081 
Methoxychlor 72-43-5 8081 
Toxaphene 8001-35-2 8081 
Polychlorinated biphenyls; PCBs; Aroclor 1016, 1221, 1232, 
1242, 1248, 1254, 1260, 1262, 1268 

12674-11-2, 
11104-28-2, 
11141-16-5, 
53469-21-9, 
12672-29-6, 
11097-69-1, 
11096-82-5, 
37324-23-5, 
11100-14-4 

8082 

METALS   
Aluminum 7429-90-5 6010 
Antimony 7440-36-0 6010 
Arsenic 7440-38-2 6010 
Barium 7440-39-3 6010 
Beryllium 7440-41-7 6010 
Cadmium 7440-43-9 6010 
Calcium 7440-70-2 6010 
Chromium 7440-47-3 6010 
Cobalt 7440-48-4 6010 
Copper 7440-50-8 6010 
Iron 7439-89-6 6010 
Lead 7439-92-1 6010 
Magnesium 7439-95-4 6010 
Manganese 7436-96-5 6010 
Nickel 7440-02-0 6010 
Potassium 7440-09-7 6010 
Selenium 7782-49-2 6010 
Silver 7440-22-4 6010 
Sodium 7440-23-5 6010 
Thallium 7440-28-0 6010 
Vanadium 7440-62-2 6010 
Zinc  7440-66-6 6010 
Mercury  7439-97-6 7470/7471 
MISCELLANEOUS    
Cyanide 57-12-5 9012 
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PPL Constituents  

CAS 
Registry 
Number 

CWA 
Method 

VOLATILES   
Acrolein 107-02-8 624 
Acrylonitrile 107-13-1 624 
Benzene 71-43-2 624 
Bromodichloromethane; Dichlorobromomethane 75-27-4 624 
Bromoform; Tribromomethane 75-25-5 624 
Carbon tetrachloride 56-23-5 624 
Chlorobenzene 108-90-7 624 
Chloroethane; Ethyl chloride 75-00-3 624 
2-Chloroethyl vinyl ether 110-75-8 624 
Chloroform; Trichloromethane 67-66-3 624 
Dibromochloromethane;  Chlorodibromomethane 124-48-1 624 
o-Dichlorobenzene; 1,2-Dichlorobenzene 95-50-1 624 
m-Dichlorobenzene; 1,3-Dichlorobenzene 541-73-1 624 
p-Dichlorobenzene; 1,4-Dichlorobenzene 106-46-7 624 
1,1-Dichloroethane; Ethylidene chloride 75-34-3 624 
1,2-Dichloroethane; Ethylene dichloride 107-06-2 624 
1,1-Dichloroethylene; Vinylidene chloride; 1,1-Dichloroethene 75-35-4 624 
trans-1,2-Dichloroethylene; trans-1,2-Dichloroethene 156-60-5 624 
1,2-Dichloropropane; Propylene dichloride 78-87-5 624 
cis-1,3-Dichloropropene 10061-01-5 624 
trans-1,3-Dichloropropene 10061-02-6 624 
Ethylbenzene 100-41-4 624 
Methyl bromide; Bromomethane 74-83-9 624 
Methyl chloride; Chloromethane 74-87-3 624 
Methylene chloride; Dichloromethane 75-09-2 624 
1,1,2,2-Tetrachloroethane 79-34-5 624 
Tetrachloroethylene; Tetrachloroethene; Perchloroethylene 127-18-4 624 
Toluene 108-88-3 624 
1,1,1-Trichloroethane; Methyl chloroform 71-55-6 624 
1,1,2-Trichloroethane 79-00-5 624 
Trichloroethylene; Trichloroethene 79-01-6 624 
Vinyl chloride; Chloroethene 75-01-4 624 
SEMIVOLATILES   
Acenaphthene 83-32-9 625 
Acenaphthylene 208-96-8 625 
Anthracene 120-12-7 625 
Benzidine 92-87-5 625 
Benzo(a)anthracene; Benzathracene 56-55-3 625 
Benzo(a)pyrene 50-32-8 625 
Benzo(b)fluoranthene 205-99-2 625 
Benzo(k)fluoranthene 207-08-9 625 
Benzo(ghi)perylene 191-24-2 625 
Bis(2-chloroethoxy)methane 111-91-1 625 
Bis(2-chloroethyl)ether; Dichloroethyl ether 111-44-4 625 
Bis(2-chloro-1-methylethyl) ether; 2,2-Dichlorodiisopropyl ether; 
DCIP; 2,2’-Oxybis(1-chloropropane) 

108-60-1 625 
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CWA 
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Bis(2-ethylhexyl) phthalate 117-81-7 625 
4-Bromophenyl phenyl ether 101-55-3 625 
Butyl benzyl phthalate 85-68-7 625 
p-Chloro-m-cresol; 4-Chloro-3-methylphenol 59-50-7 625 
2-Chloronaphthalene 91-58-7 625 
2-Chlorophenol 95-57-8 625 
4-Chlorophenyl phenyl ether 7005-72-3 625 
Chrysene 218-01-9 625 
Dibenz(a,h)anthracene 53-70-3 625 
Di-n-butyl phthalate 84-74-2 625 
3,3'-Dichlorobenzidine 91-94-1 625 
2,4-Dichlorophenol 120-83-2 625 
Diethyl phthalate 84-66-2 625 
2,4-Dimethylphenol 105-67-9 625 
Dimethyl phthalate 131-11-3 625 
4,6-Dinitro-o-cresol; 4,6-Dinitro-2-methylphenol 534-52-1 625 
2,4-Dinitrophenol 51-28-5 625 
2,4-Dinitrotoluene 121-4-2 625 
2,6-Dinitrotoluene 606-20-2 625 
Di-n-octyl phthalate 117-84-0 625 
1,2-Diphenylhydrazine 122-66-7 625 
Fluoranthene 206-44-0 625 
Fluorene 86-73-7 625 
Hexachlorobenzene 118-74-1 625 
Hexachlorobutadiene 87-68-3 625 
Hexachlorocyclopentadiene 77-47-4 625 
Hexachloroethane 67-72-1 625 
Indeno(1,2,3-cd)pyrene 193-39-5 625 
Isophorone 78-59-1 625 
Naphthalene 91-20-3 625 
Nitrobenzene 98-95-3 625 
o-Nitrophenol; 2-Nitrophenol 88-75-5 625 
p-Nitrophenol; 4-Nitrophenol 100-02-7 625 
N-nitrosodimethylamine 62-75-9 625 
N-nitrosodiphenylamine 86-30-6 625 
N-nitrosodipropylamine; Di-n-propyl-nitrosamine; N-nitroso-n-
dipropylamine 

621-64-7 625 

Pentachlorophenol 87-86-5 625 
Phenanthrene 85-01-8 625 
Phenol 108-95-2 625 
Pyrene 129-00-0 625 
1,2,4-Trichlorobenzene 120-82-1 625 
2,4,6-Trichlorophenol 88-06-2 625 
ORGANOCHLORINE PESTICIDES/PCBs   
Aldrin 309-00-2 608 
alpha-BHC; alpha-Benzene hexachloride 319-84-6 608 
beta-BHC; beta-Benzene hexachloride 309-85-7 608 
delta-BHC;delta-Benzene hexachloride 319-86-8 608 
gamma-BHC; gamma-Benzene hexachloride; Lindane 58-89-9 608 
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alpha-Chlordane 5103-71-9 608 
gamma-Chlordane 5103-74-2 608 
4,4'-DDD 72-54-8 608 
4,4'-DDE 72-55-9 608 
4,4'-DDT 50-29-3 608 
Dieldrin 60-57-1 608 
Endosulfan I 959-98-8 608 
Endosulfan II 33213-65-9 608 
Endosulfan sulfate 1031-07-8 608 
Endrin 72-20-8 608 
Endrin aldehyde 7421-93-4 608 
Endrin ketone 53494-70-5 608 
Heptachlor 76-44-8 608 
Heptachlor epoxide 1024-57-3 608 
Methoxychlor 72-43-5 608 
Toxaphene 8001-35-2 608 
Polychlorinated biphenyls; PCBs; Aroclor 1016, 1221, 1232, 
1242, 1248, 1254, 1260 

12674-11-2, 
11104-28-2, 
11141-16-5, 
53469-21-9, 
12672-29-6, 
11097-69-1, 
11096-82-5 

608 

METALS   
Antimony 7440-36-0 200.7 
Arsenic 7440-38-2 200.7 
Beryllium 7440-41-7 200.7 
Cadmium 7440-43-9 200.7 
Chromium 7440-47-3 200.7 
Copper 7440-50-8 200.7 
Lead 7439-92-1 200.7 
Nickel 7440-02-0 200.7 
Selenium 7782-49-2 200.7 
Silver 7440-22-4 200.7 
Thallium 7440-28-0 200.7 
Zinc 7440-66-6 200.7 
Mercury 7439-97-6 245.1 
DIOXIN   
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 1746-01-6 8280/ 

8290 
MISCELLANEOUS    
Asbestos   
Cyanide 57-12-5 SM4500-

CN C, E 
Phenols NA 420.1& 

420.4 
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Attachment 3 

Magnetic Susceptibility Meter 
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KT-10 v2 and KT-10R v2 Magnetic Susceptibility Meters 
 
Terraplus is pleased to announce that the KT-10R v2 Magnetic Susceptibility Meter with rectangular coil is 
available, in addition to the KT-10 v2 with circular coil.  Both the KT-10R v2 and KT-10 v2 allow users to 
input depth correlation information, receive measurement results in either SI or CGS Units and feature large 
internal memories.  Additional benefits such as high sensitivity, Bluetooth communication and a data 
management/visualization software for the PC are standard in both configurations.  They can also be upgraded 
to either a KT-10 Plus, KT-10 S/C or KT-10 Plus S/C Magnetic Susceptibility/Conductivity Meter. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Magnetic Susceptibility Meter 

 New Rectangular Coil Available 
 

The KT-10 v2 Magnetic Susceptibility Meter is now available 
in two different coil configurations: the KT-10R v2 with 
Rectangular Coil or the standard KT-10 v2 with Circular Coil.  
The rectangular coil is beneficial for measuring core samples 
with small diameters as they do not need to be removed from 
the core box for measurement.   The circular and rectangular 
coils are not interchangeable. 

 
 Depth Correlation 
 

The KT-10/KT-10R v2’s large memory allows the user to 
input information to correlate every core measurement to its 
depth.  The user can enter information such as borehole I.D., 
box number, the number of rows in a box, start and end 
depths, as well as depth intervals.  In the Scanner mode, depth 
intervals can be recorded with the push of a button.  All 
readings between depth intervals are interpolated into the data 
for reference. 

 
 Large Memory 
 

The KT-10/KT-10R v2 feature a 4 GB memory that can store 
up to 4,000 total records.  Users can take up to 4,000 scanner 
measurements with up to 480 data points per record, or 4,000 
discrete measurements with 120 seconds of voice notes per 
reading.  Discrete and scanner records can be combined to 
total 4,000. 

 
 Upgrade to a KT-10 S/C or KT-10 Plus S/C 
 

The KT-10/KT-10R v2 can be upgraded into a KT-10 S/C or 
KT-10 Plus S/C to allow the user to read both magnetic 
susceptibility and conductivity measurements simultaneously.  
This upgrade is performed through the internet using the 
GeoView software CD.  Additionally, users who upgrade their 
KT-10/KT-10R v2 will receive a copy of the GeoVision 
Android App.  Please see the options section of the fourth 
page for additional details. 

KT-10 and KT-10R v2 Benefits 
 

 High Sensitivity 
 

The KT-10/KT-10R v2 have a maximum sensitivity of 1 x 10-6 SI 
units on smooth surfaces. 

 
 Fast and Accurate Scanning 
 

The KT-10/KT-10R v2 scan 20 readings per second and store 4 
averaged readings during the same period.  

 
 Quality Control (QC) Parameters 
 

The KT-10/KT-10R v2 provides users with the ability to assess 
data quality.  Along with the measurement results, a user can 
obtain data averages and standard deviation values in measure 
mode, or data averages and maximum values in scanner mode.  
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Additional Benefits 
 
 Measure in SI or CGS Units 
 

The KT-10/KT-10R v2 allow users to obtain magnetic 
susceptibility measurements in either SI or CGS units. 

 
 Variable Audio Capability 
 

The KT-10/KT-10R v2 speaker allows the user to monitor the 
variations in the magnetic susceptibility measurements with a 
variable audio sound while in Scan mode.  The voice recorder 
also allows for the recording and replaying of voice messages 
through the instrument’s speaker. 

 
 Calibration 
 

The KT-10/KT-10R v2 are factory calibrated; however, the end 
user can re-calibrate the meters by using the optional Magnetic 
Susceptibility Calibration pad.  A sample with known magnetic 
susceptibility values can also be used.   

 
 Flexible PC Interface 
 

The KT-10/KT-10R v2 include GeoView, a multi-platform 
software which allows the user to download and visualize the 
data. GeoView can also play back the voice notes stored along 
side the readings, change the KT-10/KT-10R’s settings, 
transfer the data to a spreadsheet and view or export GPS paths 
into a Google Earth compatible format. 

 
 Bluetooth Connectivity 
 

The KT-10/KT-10R v2 come standard with Bluetooth 
connectivity.   This gives users the ability to download the 
meter’s data wirelessly and connect to Bluetooth enabled GPS 
units to store GPS coordinates along with the readings.  As an 
option, one can also pair the KT-10/KT-10R v2 with an 
Android operated smart phone or tablet to obtain a real time 
scanner profile with the GeoVision App. 

 
 

 USB Data Transfer 
 

USB communication standards are used as the default mode of 
communication for the KT-10/KT-10R v2. This allows for the 
fast transfer of measurements and digital voice streams from 
the meters to a PC.  The USB is also used for firmware 
upgrades and parameter settings. 

 
 Small and Easy to Use 
 

The KT-10/KT-10R v2’s small size and ergonomic design 
make them easy to use and carry.  Interactive menus facilitate 
their operation. 

 

 
 

Reading, Average 
& Standard Deviation 

 
 

Depth Correlation  
Information  

 Large LCD Display 
 

The KT-10/KT-10R v2 are equipped with a high contrast LCD 
display which serves as the interface for operating the 
instrument.  The LCD also displays the magnetic susceptibility 
measurements, icons and graphical menus which are used to 
interactively navigate the KT-10/KT-10R v2’s different 
functions. 

 
 Rugged and Reliable 
 

The KT-10/KT-10R v2 meet IP65 standards and are therefore 
protected against dust,   rain or conditions with high humidity. 

 
 Uneven Surface Measurements  
 

The KT-10 v2 can be used with a pin for uneven surface 
measurements, or without a pin when applied on a flat surface. 
It also automatically corrects and displays the true magnetic 
susceptibility. The KT-10R v2 is not supplied with a pin as one 
of its main uses is for measuring core samples. 
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GeoView PC Interface Software: 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 Data Management 
 
GeoView is a multi-platform software that allows users to organize their KT-10/KT-10R v2 data by date and serial number. It 
also facilitates the transfer of data from the KT-10/KT-10R v2 to a personal database for further correlation and interpretation. 
GeoView is compatible with all Windows 32 or 64 bit operating systems. 
 
As presented below, averaged readings are grouped together with records (containing date, time, value, voice notes and optional 
GPS positions) in one convenient location. Users can also add new column headers to enter additional information specific to the 
data collection.   

 Data Visualization 
 
A numerical display allows users to quickly review the field data, while a graphical display aids in the interpretation of scanner 
data. 
 
As shown below, the scanned data is displayed in a graphical mode.  The use of markers can assist operators to orient the readings 
to a physical location. 
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KT-10 /KT-10R v2 Options: 
 
 Upgrade to a KT-10 Plus /KT-10R Plus v2 
 

The KT-10/KT-10R v2 are upgradable to a KT-10 Plus/KT-
10R Plus v2 for measuring iron ore samples and cores up to 10 
SI units. With this extended range and pre-installed calibration 
curve, it is possible to obtain the concentration estimate of iron 
ore directly from the KT-10 Plus/KT-10R Plus v2.   This 
upgrade can be performed via the internet using the GeoView 
software (instrument must be connected to a PC either with 
USB or Bluetooth).  Please contact Terraplus to obtain the price 
for this upgrade. 

 
 Upgrade to a KT-10 S/C or KT-10 Plus S/C 
 

The KT-10/KT-10R v2 can be upgraded to the KT-10 S/C or 
KT-10 Plus S/C, allowing users to read both magnetic 
susceptibility and conductivity measurements simultaneously.  
The KT-10 Plus S/C provides users with the added benefit of 
being able to obtain iron ore concentration estimates from 
samples or drill cores.  Customers who complete either upgrade 
will receive a copy of the GeoVision Android App.  Please 
contact Terraplus to obtain pricing for both upgrades. 
  

 

y = 1E-08x5 - 3E-06x4 + 0.0002x3 - 0.0054x2 + 0.0814x - 0.0912
R2 = 0.9997

-2

0

2

4

6

8

10

12

14

16

18

0 10 20 30 40 50 60 70 80 90 100

Concentration of Magnetite [%]

M
ag

ne
tic

 S
us

ce
pt

ib
ili

ty
 [S

I]

 

 GeoVision Android App  
 

The GeoVision Android App is available as an option for the 
KT-10/KT-10R v2.  GeoVision allows the operator to display 
real time scanner profiles on an Android operated smart phone 
or tablet.  Real time animated graphical outputs are displayed 
on the smart phone or tablet’s screen while scanning. 
GeoVision can also be used as a KT-10/KT-10R v2 memory 
data browser to display field measurements/records, allowing 
the user to pan and zoom on the scanner graph. Additional text 
notes can be added to the current or previously stored data with 
an Android smart phone or tablet.  The Android operating 
system (OS) must be version 2.3.3 or higher.  Android phone or 
tablet is not included with the GeoVision App. 

 
 Magnetic Susceptibility Calibration Pad 
 

A magnetic susceptibility calibration pad is available as an 
option for the KT-10/KT-10R v2.  The calibration pad is 
manufactured from a suitable Mn-Zn Ferrite compacted with 
mudstone. Its purpose is to confirm that the KT-10/KT-10R v2 
is operating properly or to recalibrate the meter. 
 

Nominal susceptibility will vary between calibration pads. 
 

Typically                   34 x 10-3 SI 
Diameter                    145 mm 
Height                        70mm 
Density                       2.2g/cm3 
Weight:                      2.65kg 
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Specifications 
 

Sensitivity:                    1x10
-6 

SI Units  

Measurement range:  0.001x10
-3 

to 1999.99 x10
-3 

SI Units Auto-Ranging  

Operating frequency:    10 kHz  

Measurement frequency:  
20 times per second ( in Scan mode, 5 readings averaged together and 
 4 readings /second stored 

Display:  High Contrast LCD Graphic Display with 104 x 88 pixels  

Memory:                                           

4 GB: 4,000 Total Records Stored * 
* 4,000 scanner measurements with up to 480 data points per record (total of 
1,920,000 individual data points). 

or 
* 4,000 discrete measurements with 120 seconds of voice notes per reading. 
Discrete and scanner records can be combined. 

Control:  1 button with up / down function 

Data Input/Output:  USB, Bluetooth with GPS link via Bluetooth  

Power Supply:  2 AA Alkaline Batteries or 2 optional AA Rechargeable Batteries  

Battery life:  Up to 4000 readings without voice recorder 

Operating temperature:  -20 °C to 60 °C  

Dimensions:  200mm x 57mm X 30mm  

Circular  Coil :  Diameter  65 mm  
Coil Dimensions: ** 

Rectangular Coil:  Length 65 mm - Width 32 mm  

Weight:  0.33 kg with 2 ‘AA’ alkaline batteries installed 

GeoView Software Supports all Windows 32 or 64 bit operating systems 

 Specifications subject to change without notice # 26-02-13 
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KT-10 v2  
Standard Configuration 

 
The KT-10 v2 Circular Coil standard system is 
supplied with: 

 
 KT-10 v2 Console with pin and wrist strap 
 Two Alkaline AA Batteries 
 Spare Pin 
 USB Cable 
 GeoView Software CD 
 Operations Manual and Quick Start Guide 
 Small Pouch with Foam Insert 
 White Cardboard Box  

KT-10R v2 
Standard Configuration 

 
The KT-10R v2 Rectangular Coil standard 
system is supplied with: 

 
 KT-10R v2 Console with wrist strap 
 Two Alkaline AA Batteries 
 USB Cable 
 GeoView Software CD 
 Operations Manual and Quick Start Guide 
 Small Pouch with Foam Insert 
 White Cardboard Box  

 
 

**Coils are not interchangeable 
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Statement of Work for Enzyme Probe Analysis 
Emmell’s Septic Landfill Superfund Site – OU2 Biosparging Remedial Design 

August 2013 
 
Introduction 
Under U.S. Army Corps of Engineers (USACE) Contract No. W912DQ‐11‐D‐3004, Task Order 016, CDM Federal 
Programs Corporation (CDM Smith) has been tasked to perform additional pre‐design investigation (PDI) and 
pilot study activities at the Emmell’s Septic Landfill Superfund Site, located in Galloway Township, Atlantic 
County, New Jersey. The purpose of the PDI is to provide up‐to‐date information on the current groundwater 
quality as it relates to aerobic bioremediation, and to better define the groundwater plume to establish the 
treatment zone for pilot testing, modeling, and remedial design. 
 
CDM Smith will be collecting samples for enzyme activity probe (EAP) analysis during the pilot study. EAP 
analyses are performed to provide evidence for a suite of aerobic oxygenase enzymes that could be indicative of 
volatile organic compound (VOC) degradation, specifically vinyl chloride by indigenous microbial populations. 
The probes are innovative research tools that provide direct evidence of active oxygenase enzymes through the 
transformation of non‐fluorescent substrates into quantifiable fluorescent products. 
 

The EAP analysis will be performed by Pacific Northwest National Laboratory (PNNL), and will require an 

interagency agreement between the United States Environmental Protection Agency (EPA) and PNNL. 

The table below shows the proposed schedule and quantities for the groundwater samples. 
 

Analytical Parameters  No. of samples  Sampling Dates1 

EAP analysis for groundwater 
samples (Three rounds of sampling 
events)   

4  November 2014 

5  March 2015 

4  July 2015 

    1 Sampling dates are approximate based on current project schedule. 
 
Sample Collection Procedures 
Groundwater samples for EAP analysis will be collected in accordance with the USACE/EPA approved Unified 
Federal Program Quality Assurance Project Plan (UFP‐QAPP), dated August 2013 and Enzyme Activity Probe 
Sample Collection Procedure, dated December 1, 2009 (Attachment A). 
 
Sample Handling and Shipping 
Sample handling and shipping will be performed in accordance with the USACE/EPA approved UFP‐QAPP, and 
Enzyme Activity Probe Sample Collection Procedure. 
 
Analysis 
Each sample will be analyzed with a suite of project‐specific EAPs, which target three of the four aromatic 
oxygenases listed in the below table and the methane monooxygenase according to the standard operating 
procedure included in Attachment A. 
 

Probe  Pathway1 

trans‐2‐furanacrylonitrile  toluene‐2‐monooxygenase 

3‐hydroxyphenylacetylene 
toluene‐2‐monooxygenase 

toluene‐3‐monoxygenase 

Note: site‐specific references in this 
SOW have been blacked out to maintain 
confidentiality. 
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Probe  Pathway1 

phenylacetylene 

toluene‐2‐monooxygenase 

toluene‐3‐monooxygenase 
toluene‐2,3‐dioxygenase 

3‐ethynylbenzoate  toluene‐side‐chain‐monooxygenase 

trans‐cinnamonitrile  toluene‐2,3‐dioxygenase 
1 Bolded pathways represent those that are strongly positive with a given EAP. Other pathways listed 
have also shown positive responses with the probes using the current protocol. 

 
Data Reporting 
Activity will be reported qualitatively as percent of positive cells and quantitatively as total number of active 
cells per milliliter (cells/mL). In addition, total counts of bacterial cells using 4’,6‐diamidino‐2‐Phenylindole 
(DAPI) will be reported as cells/mL. The quantitative processing of samples for probe activity includes collecting 
20 random fields (or an appropriate number of fields to count a minimum 200 total cells) with the microscope‐
attached digital camera. Each image is processed using commercial software to count the labeled (fluorescent) 
cells and estimate the activity in the original sample in standard reporting units (cells/mL). A minimum of 1 of 
every 10 images captured is also counted manually by the experimenter and compared with the counts 
collected and recorded by the software. The resulting mean and standard deviation for all of the data generated 
will be recorded. The minimum reporting requirements are to provide EAP data values and quality assurance 
(QA)/quality control (QC) analyses (i.e. control studies). 
 
Data Quality Indicators 
Attached to this SOW are tables from CDM Smith’s Final Unified Federal Program Quality Assurance Project Plan 
(UFP‐QAPP), dated August 2013, with project‐specific information as follows: 
 

 Data quality indicators and measurement performance criteria – Worksheet #12k (Attachment B) 

 Container, preservation, and holding time – Worksheet #19 (Attachment C) 

 QC samples – Worksheet #28j (Attachment D) 
 
QA/QC requirements include analysis of blanks, duplicates, matrix spike and inhibition studies. 
 
Multiple laboratory blank samples will be prepared and analyzed. One blank will be prepared and analyzed each 
calendar day a sample is received for analyses in the laboratory. Water will be filtered onto black polycarbonate 
filters and viewed with epifluorescent microscopy. The purpose of these blanks is to establish that there is no 
background fluorescence that could potentially influence the results of the assay. If background fluorescence is 
detected, solutions will be filter‐sterilized or replaced. Pre‐sterilized filters will also be analyzed as laboratory 
blanks. Each lot of filters used in the laboratory will be analyzed for clarity and background or other fluorescent 
interference. If any of the blank sample analyses are positive, actions will be taken to correct and/or eliminate 
all possible contamination issues. 
 
One laboratory duplicate sample will be analyzed for every 10 samples received by the laboratory. 

Laboratory standards involve the application of EAPs to positive control microorganisms kept in culture in the 
laboratory. Positive control organisms are actively grown under enzyme induction conditions and subsequently 
exposed to EAP. If the standards do not provide positive results with the EAP analysis, the analysis will be 
considered inaccurate and void. 

One matrix spike sample will be analyzed per batch of shipment. A known number of organisms with active 
oxygenases will be added to a given site sample and analyzed with EAP. If the spike recovery is not within the 
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90‐110% range, the sample will be reanalyzed. If subsequent analyses are not within range, the sample will be 
considered void. 

A series of inhibition studies (reversible and non‐reversible) will be performed per batch of shipment to verify 
the dependence of product formation on the targeted oxygenase rather than other oxygenase activity. 
Acetylene and methane (reversible substrate inhibition) are used as selective inhibitors for the soluble methane 
monooxygenase. Aromatic oxygenases can be inhibited with phenylacetylene (3.5%) and 1‐pentyne (3.5%). 
Other inhibition assays can be designed and conducted for oxygenases not specifically listed. 
 
Schedule 
A description of deliverables and associated due dates are listed below:   
 

ITEM #  DESCRIPTION  DATE DUE 

1.  EAP analyses  Analyses completed during the 4 weeks following 
receipt of samples. 

2.  Draft report submitted to client  4‐6 weeks after receipt of samples from site.   

3.  Client review of draft report  2 weeks after submittal of draft report. 

4.  Final report submitted to client  2 weeks after receipt of client review comments.   

 
Electronic copy of the report shall be emailed to Muzaffar Rahmani at rahmanima@cdmsmith.com, and 
hardcopy of the report shall be mailed to the following address: 
 

Muzaffar Rahmani 
CDM Smith 
110 Fieldcrest Avenue, 6th Floor 
Edison, NJ 08837 

 
Communications 
This task order may require daily communication with the laboratory’s assigned project manager. A laboratory 
kickoff meeting will be conducted by teleconference prior to shipping samples to ensure the project 
requirements are understood and to work out logistics for the sampling events. 
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Attachment A 
Standard Operating Procedure 

 
1. Summary of Methods 

Enzyme activity probes (EAP) have been developed for four separate toluene oxygenases (Keener et al., 1997; 
1998; 2001; Kauffman et al., 2003; Clingenpeel et al., 2005) and for the soluble methane monooxygenase 
(sMMO) (Miller et al., 2002). While originally developed specifically for the toluene oxygenase enzymes, these 
probes have been evaluated and have proven successful against an array of aromatic enzymes, including those 
for benzene, naphthalene, and phenol (Lee et al., 2005; 2007). In addition, recent work resulting from the 
application of EAP to groundwater from the Idaho National Laboratory (INL) Test Area North (TAN) site has 
suggested that naturally occurring humic compounds also induce the cometabolic toluene enzymes (Wymore et 
al., 2007). The probes consist of non‐fluorescent compounds (“substrates”) that are transformed by specific 
oxygenases into strongly fluorescent products. A clear, quantifiable signal (i.e., fluorescence) can be detected 
only when the targeted enzyme is actively functioning. 

In addition to EAP, a series of molecular probes have been developed or adapted to investigate the potential of 
oxidizing microbial populations (Baldwin et al., 2005;2008; Hendrickx et al., 2006; 2008). Microbial DNA can be 
extracted out of water or sediment samples and used in molecular assays. These assays are designed to look for 
the presence of the genes coding for the biological oxygenases. Coupling molecular assessment with EAP 
measurements provides direct and supporting evidence of cometabolic enzyme activity toward chlorinated 
solvents (Lee et al., 2005; 2007; Wymore et al., 2007). 

2. Action of Oxygenases 

Oxygenases serve a myriad of functions in cells including biosynthesis, detoxification, and catabolism. They 
catalyze the reduction of O2 with incorporation of one (monooxygenases) or two (dioxygenases) of the O atoms 
into the substrate that is being oxidized. Monooxygenases require an input of reductant, which is used to reduce 
the second atom of O to H2O. Dioxygenases do not necessarily require reductant as both atoms of O2 are 
reduced upon incorporation into the substrate; however, some use reductant to further reduce the substrate 
(e.g., toluene dioxygenase). Although all oxygenases have in common the need to activate O2, the chemical 
mechanisms can be quite variable. 
 
The activation of O2 to a reactive state is typically facilitated by prosthetic groups in the enzymes. A variety of 
active site groups have been recognized including flavin, heme, binuclear iron clusters, mononuclear iron 
centers, and Cu. The protein composition of oxygenases can be relatively simple or quite complex. Some 
oxygenases are soluble while others are associated with the membrane. While some monooxygenases are very 
specific for particular substrates, others have remarkably relaxed substrate ranges. In some cases, this relaxed 
substrate range appears to be by design (example: P450 monooxygenases), while in other cases, the broad 
substrate range does not appear to serve any particular purpose. For example, ammonia monooxygenase has a 
very broad substrate range, which extends to several classes of compounds; however it appears to derive an 
energetic benefit only from the growth‐supporting substrate, ammonia. 

3. Procedures 

3.1 Enzyme Activity Determination 

1. Receive samples in the laboratory; inspect samples collected to (a) ensure there is very little 
headspace in bottles containing groundwater and/or (b) soil/core samples are intact.    Record 
observations; take photos for description; include in lab notebook. 



 
Page 2 of 3 

2. Invert groundwater sample bottles to mix 7‐10 times (in case of settling or precipitation of particles).   
For soil samples, sections of core are removed from the “sleeve” and mixed in a sterile metal or 
other appropriate container, in order to get homogenous sampling of microbial populations.    The 
removal and mixing of core is done in such a way as to minimize the time and exposure to 
atmospheric oxygen. 

3. Once the sample have been well mixed, open the bottles and immediately pipette the sample, 

typically 3‐5 mL, onto a sterile manifold set up with GF/F (backing filter) and 0.22 m, 25‐mm 
diameter, black, polycarbonate filters. 

4. For soil samples, the desired sample, typically 2‐5 g, is placed into a 15 mL falcon tube; each sample 
is then mixed with a gentle “cell releasing buffer” in order to remove the cells from the surfaces of 
the soil without damaging them or the expression of enzymes. The supernatant following this 
procedure is removed and then treated the same (Steps 5‐10) as groundwater samples. 

5. Use a vacuum to pull the sample through the filter, trapping the microorganisms on the surface. 

6. Release the vacuum and pipette 0.25 mL of the appropriate EAP in 40 mM phosphate buffer onto 
the polycarbonate filter. Be sure the vacuum manifold has been released‐ the probe solution needs 
to sit “on top” of the filter for the incubation period. 

7. Cover the manifold with aluminum foil or place in the dark for 15 minutes of exposure time with the 
probe; after 15 minutes, reapply the vacuum to remove the probe solution. 

8. Add 60 µl of DAPI (4,6‐diamidino‐phenylindole), a total cell, DNA stain, to the filter and incubate, in 
the dark for < 5 minutes. 

9. Wash the filter with 1 mL of nanopure water OR phosphate buffer to remove any unbound EAP and 
DAPI. 

10. Place the filter onto a glass microscope slide, cell side up, and mount with non‐fluorescent citifluor 
solution and a cover slip. 

11. Examine the filters for fluorescent cells by epifluorescent microscopy using a 100X oil‐immersion 
fluorescent objective and a filter set for blue excitation wavelengths. Probe response is visualized on 
a Leica DMRB fluorescence microscope equipped with a PL APO (plan apochromatic) 100x 1.30 oil 
objective (Leica Microsystems, Inc., Bannockburn, IL, USA). An XF34 longpass orange‐red filter set is 
used (excitation 535 ± 17.5 nm, dichroic mirror 570 nm, emission 590 nm) to visualize probe positive 
cells (Omega Optical, Inc., Brattleboro, VT, USA). The imaging system includes a Spot cooled color 
digital camera and commercial (Spot version 3.0.4 for Windows) imaging software (Diagnostic 
Instruments, Inc., Sterling Heights, MI, USA). 

3.2 DNA extraction and PCR amplification 

1. Samples are filtered (typically 250ml, up to 1L) onto 0.22µm, 47mm diameter, Supor filters; 
alternatively 1.5‐2L of groundwater are filtered through a Sterivex filter in the field and placed into a 
50 mL falcon tube for shipping to the laboratory. 

2. If samples are NOT to be extracted immediately, the filters are placed into eppendorf tubes, 
whirlpack bags, or 50mL falcon tubes depending on the size of the Supor filters used. 
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3. If the samples are NOT to be extracted immediately, they are stored in the ‐80 C. 

4. Remove samples from the ‐80 C and extract the DNA from the cells trapped on filters. DNA 
extractions are performed using both Bio 101 and the MoBio UltraClean Soil DNA kits, as described 
by the manufacturers. Two kits are used to ensure that biases associated with one kit or another do 
not provide a false positive or negative for the presence of the gene of interest. 

5. DNA concentrations are quantified using a Nanodrop instrument; quality and quantity of DNA are 
determined ad recorded. 

6. Polymerase chain reaction (PCR) and qPCR amplification reactions are performed in 50 L and 25 L 
reaction mixtures, respectively. 

7. PCR/qPCR conditions for the primers, are as stated in (Baldwin et al., 2003; 2008 or Hendrickx et al., 
2006; 2008). For those primers that were either developed or modified for use in qPCR reaction 
mixtures, procedures for the amplification are similar to those in the published literature. 

8. Standards for qPCR are used to determine the concentration of cells in each reaction. Positive 
control organisms serve as standards for these analyses. 

9. Concentrations of DNA are standardized for ALL reactions; PCR reactions are carried out with 50 ng 
starting concentration, while qPCR is initialized with 10 ng. Thus products/positive amplifications of 
products are comparable. 

10. PCR and qPCR products are separated and visualized using an Agilent 2100 Bioanalyzer and DNA 
1000 LabChips. Each LabChip has 16 wells, twelve of which are used for experimental samples, one 
well is used for a molecular weight DNA ladder, and three are used for loading the gel‐dye mix. DNA 
1000 LabChips are prepared and loaded with samples as recommended by the manufacturer with 
minor modifications. 

a) Microchannels are filled by pipetting 9 µl of gel‐dye mix (consisting of a linear polymer and a 
fluorescent, intercalating dye of a proprietary nature) into the appropriate well and then forcing 
the mix into the microchannels by applying pressure to the well via a 1‐ml syringe. 

b) Five microliters of marker mix is loaded into each sample well, followed by 1 µl of molecular 
weight ladder into the ladder well or samples into the sample well. The contents of each well on 
the chip are mixed using an IKEA vortexer supplied with the instrument. 

c) After being vortexed, chips are immediately inserted into the bioanalyzer and processed. All 
experiments are performed using Agilent Biosizing software.
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Attachment B 
QAPP Worksheet #12k 

Measurement Performance Criteria Table 

Matrix Aqueous (Pilot Study Monitoring Wells) 

Analytical Group  Enzyme Activity via EAP 

Concentration Level  Low 

Sampling Procedure  Analytical 
Method/SOP1 

Data Quality 
Indicators   

QC Sample and/or 
Activity Used to 

Assess Measurement 
Performance   

Measurement Performance 
Criteria   

QC Sample Assesses Error for 
Sampling (S), Analytical (A) or 

both (S&A) 

 
Low Flow SOP for 
Groundwater (Monitoring 
well samples) 
(Appendix A) 
 
EAP Sampling Procedure 
(Appendix C) 

SOW EAP 2009  Analytical Precision 
(laboratory) 

Laboratory 
Duplicates 

±10% RPD  A 

Analytical 
Accuracy/Bias 
(laboratory) 

Laboratory Blanks 
No measurable/detectable 
background fluorescence 

A 

Analytical 
Accuracy/Bias 
(laboratory) 

Laboratory Standards 
Positive results with qPCR and EAP 

analysis 
A 

Analytical 
Accuracy/Bias (matrix 

interference) 

Matrix Spikes  90‐110% Recovery  S&A 

Completeness  See Worksheet #34  See Worksheet #34  S&A 

Analytical Precision 
(laboratory) 

Laboratory 
Duplicates 

±10% RPD  A 

Notes: 
1. The subcontract laboratory will provide the SOP as part of the procurement; if it is proprietary, a summary of the SOP will be requested.
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Attachment C 
QAPP Worksheet #19 

Analytical SOP Requirements Table 
 

Matrix  Analytical Group 
Concen‐
tration 
Level 

Analytical/ 
Preparation 
Method/SOP 
Reference 1 

Minimum 
Sample 
Volume 

Containers 2,3 
(number, size, and type) 

Preservation Requirements 
(chemical, temperature, light 

protected) 

Maximum Holding Time4 
(preparation/analysis) 

Soil  Grain Size  N/A  ASTM D422 ‐63, 
ASTM D421‐85 

500 g  1‐8 oz jar  None  N/A5 

Groundwater  TCL VOCs (24 hour 
TAT) 

Low  SOM01.2  80 mL  3‐40 ml vials with Teflon 
septum 

HCl to pH5<2; Cool to 6o C. No 
head space/air bubbles. 

24 hours (TAT) (14 days 
technical) 

TCL VOCs  Trace  SOM01.2  80 mL  3‐40 ml vials with Teflon 
septum 

10 days preserved‐VTSR 
(14 days technical) 

Alkalinity  Low    SM2320B  100 mL  1‐250 ml polyethylene bottle  Cool to 6o C  14 days 

Nitrate/Nitrite  Low  EPA 300  100 mL  1‐250 mL polyethylene bottle  H2SO4 to pH <2; Cool to 6oC  28 days 

Sulfate  Low    EPA 300  100 ml    1‐125 mL polyethylene bottle  Cool to 6o C  28 days 

Chloride  Low    EPA 300  50 mL  1‐125 mL polyethylene bottle  Cool to 6°C  28 days 

Orthophosphate  Low  EPA 300  50 mL  1‐ 125 mL HDPE  Cool to 6±2° C  48 hours 

TOC  Low  SM5310B  50 mL  1‐250 mL amber glass bottle  H2SO4 to pH <2; Cool to 6o C  28 days 

COD  Low  EPA 410.4  50 mL  1‐125 mL polyethylene bottle  H2SO4 to pH <2; Cool to 6oC  28 days 

DNA and Functional 
Genes 

Low  Chlorinated 
QuantArray® 

1000 mL  1L poly or BioFlo Filter  Cool to 4±2° C  24‐48 hours 

Enzyme Activity 

via EAP 

Low  SOW EAP 2009  1000 mL  1‐2L sterile HDPE bottle  4°C, stored on ice/ blue ice or 
frozen gel packs). No head space 

Samples must be 
shipped same day as 
collection 

Carbon Dioxide 
(Chemetrics Field 
Test Kit) 

Low  Chemetrics Caustic 
Titrant with pH 
Indicator Method 

25 mL  1‐125 mL polyethylene bottle  Cool to 6°C  Analyze same day as 
collection 

Ferrous Iron 

(HACH Field Test Kit) 

Low  HACH method 8146  25 mL  1‐125 mL polyethylene bottle  Cool to 6°C 

Notes: 
1. SOP reference numbers are laboratory specific. This information is maintained by EPA and is not available to EPA contractors. DESA SOPs are detailed in Appendix E. 
2. Adjust pH in aqueous VOC samples to <2 by the drop‐wise addition of 1:1 HCL to the two 40 ml VOC vials prior to filling with sample. Determine the number of acid drops required on a third 
sample aliquot (of equal volume) – do not acidify samples if effervescence is observed and indicate on sample that no acid preservative has been added. If VOC samples are not acidified, then the 
holding time becomes 7 days from the time of sampling. Notify the laboratory and mark sample paperwork if the samples are not preserved.   
3. No additional volume is required since MS/MSD analyses for VOCs are not required.   
4. Holding times are from date of collection except for TCL VOC, TCL and TAL analyses. These analyses holding times are from the VTSR.   
5. Holding time is not applicable. Samples are to be analyzed immediately upon collection. 
The field team will consolidate the sample bottles dependent on the type of preservation and laboratories assigned to the wet chemistry analyses.
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Attachment D 
QAPP Worksheet #28j 
QC Samples Table 

 
Matrix  Aqueous (Pilot Study monitoring wells)

Analytical Group  Enzyme Activity via EAP

Concentration Level  Low (mg/L)

Sampling SOP(s)  See worksheet #21

Analytical Method/SOP Reference  SOP EAP 2009

Sampler’s Name  TBD 

Field Sampling Organization  CDM Smith

Analytical Organization  Pacific Northwest National Laboratory

No. of Sample Locations  See worksheet #20

QC Sample:  Frequency/Number 
Method/SOP QC Acceptance 
Limits 

Corrective Action 
Person(s) Responsible for 
Corrective Action 

Data Quality 
Indicator (DQI) 

Measurement Performance 
Criteria 

Temperature Blank  1 per cooler  0 to 6 degrees Celsius  Increase coolant  CDM Smith FTL  Accuracy  ≤ 10 degrees Celsius 

Laboratory Blank 1  Each day samples are 
received 

No measureable/ detectable 
background fluorescence 

TBD Analyst / Laboratory Quality 
Assurance Officer 

Accuracy/Sensitivity No measurable/ detectable 
background fluorescence 

Laboratory Blank 2  Each lot of filters (box 
of 100) 

No measurable/ detectable 
background fluorescence 

Per laboratory SOP Analyst / Laboratory Quality 
Assurance Officer 

Accuracy/Sensitivity No measurable/ detectable 
background fluorescence 

Laboratory duplicates  1 per 10 samples  ± 10% RPD Per laboratory SOP Analyst / Laboratory Quality 
Assurance Officer 

Precision ± 10% RPD

Laboratory standards 
(positive control) 

Each time ‘lot’ of 
samples is received; 
analysis of every 
probe with positive 
control organism. 

Positive results with qPCR and 
EAP analysis 

Per laboratory SOP Analyst / Laboratory Quality 
Assurance Officer 

Accuracy Positive results with qPCR and 
EAP analysis 

DNA confirmation 
(positive and negative 
controls) 

Each sample  Per laboratory SOP Per laboratory SOP Analyst / Laboratory Quality 
Assurance Officer 

Accuracy Per laboratory SOP

Inhibition studies  As requested  Complete inhibition; no 
measurable fluorescence with 
EAP 

TBD Analyst / Laboratory Quality 
Assurance Officer 

Accuracy Complete inhibition; no 
measurable fluorescence with 
EAP 

Matrix spike  As requested  90‐110% Per laboratory SOP Analyst / Laboratory Quality 
Assurance Officer 

Accuracy 90‐110% recovery

 
 

 



Attachment 5 

University of Oklahoma Laboratory 

Analysis for Isotopes 



CSIA of Chlorinated Ethenes 

 

The outline of the compound-specific isotope ratio analysis 

The volatiles are extracted from the water by a purge and trap, with the PT transfer line interfaced to a GC 

and a mass spectrometer appropriate for given element’s isotope ratio analysis. The PT transfer line is 

extended to polar-phase precolumn used to separate water prior to the main phase of GC separation.  

Analytes eluting from the precolumn are cryofocused on a liquid nitrogen trap and then the analytes are 

separated on a second GC column (the “main” column) prior to compound-specific ratio determination. 

The GC columns, the cryofocuser and the PT transfer line are interfaced through a 6-port switching valve 

resulting with splitless transfer of the analyte from the PT to the main GC column. GC effluent with 

separated analytes passes through a thermal conversion reactor and the analytes are converted to surrogate 

compounds for isotope ratio determination (CO2 or H2) without affecting chromatographic resolution. In 

Cl-CSIA, the 
37

Cl/
35

Cl are determined without thermal conversion, using a standard SIM-GCMS 

approach.  

  

PT extraction 

Instrument: OI Analytical model 4660; Sorbent trap: Vocarb 3000 (Supelco) or custom Carbosieve-III 

(Supelco). The latter is better suited for VC analysis. Purge with He for 12 min, dry purge for 3 min at gas 

flow of 40 mL/min (20 mL/min for the Carbosieve-III).  

 

Cryofocusing and water separation 

PT effluent passes through DB-Wax column so that the fast-eluting VOCs are directed into the 

cryofocuser while slow-eluting water is separated from the analytes. The cryofocuser is cooled with LN2 

to < -160
o
C, then warmed to 100

o
C.  

 

GC separation 

Instruments: Agilent 6890 and 7890. The default analytical column is DB-MTBE, 60 m x 0.32 mm. 

Samples with VC are analyzed using a Q-PLOT column. The temperature program is optimized to resolve 

the target analytes from each other and from the interferents present in the sample matrix. The default C 

CSIA GC program for the DB-MTBE column is: He carrier gas flow 2 mL/min (constant flow mode) 

isothermal at 40
o
C for 10 minutes, followed by temperature ramp of 6

o
C/minute.  

 

Thermal conversion and mass spectrometry 

Instrumentats: IRMS units by Thermo-Finnigan (MAT 252, MAT 253 and Delta XL); Quadrupole MS by 

Agilent (5975). The combustion reactor for the carbon isotope ratio determination is a ceramic tube 

packed with nickel and platinum wires held at 940
o
C and exposed to an auxiliary oxygen trickle. The 

pyrolysis reactor used for the 
2
H determination is a ceramic tube packed with chromium granules 

(Goodfellow Corp.) held at 850
o
C. Mass spectrometers are operated at default manufacturer’s settings for 

C and H isotope ratios determination. Cl isotope ratios are determined without thermal conversion, using 

the standard GCMS (SIM) technique. The ratio of 
37

Cl/
35

Cl is obtained by scanning two Cl-bearing mass 

fragments of identical structure: one containing 
35

Cl only and no 
37

Cl and the second containing a single 
37

Cl. 

 

  



2D-GC-CSIA 

For certain samples, conventional GC separation does not permit obtaining “clean” baseline separation 

of the target analytes from non-target VOCs present in the samples. Baseline separation is a required in 

carbon CSIA and for hydrogen CSIA. Improved GC separation can be achieved by 2D-GC (Figure 1). In 

summary, a sample is passed into a GC for chromatographic separation on a polar phase column (“1st GC 

dimension”, item 8, Figure 1). Immediately before the target analyte reaches the column outlet, a 

switching valve interface (item 9, Figure 1) is activated to transfer a brief increment of the column 

effluent into another GC, where that sub-sample is separated on a non-polar phase column (“2nd GC 

dimension”, item 14, Figure 1). Any compounds not separated from the target analyte on the 1st GC 

dimension will usually separate on the 2nd GC dimension, due to the contrasting properties of the two 

GC columns. The organic compounds eluting from the second GC column are then converted to CO2 in 

an in-line combustion reactor (converted to H2 in a Cr reduction reactor for hydrogen CSIA) and then 

passed to the isotope ratio mass spectrometer (IRMS) for isotope ratio determination in individual 

chromatographic peaks.  

Instrumentation: Purge and trap model OI Analytical 4660; GC #1 model Agilent 6890 with Weatherford 

cryofocusing unit; GC #2 model Agilent 7890 with Weatherford cryofocusing unit; IRMS model Thermo-

Finnigan MAT253. 1st dimension GC: DB-Wax column, 60 m x 0.53 mm, film 1 um. 2nd dimension GC: DB-

MtBE column, 60 m x 0.32 mm, film 1.8 um. VOCs were cryofocused at the front end of Column #1 (item 

6, Figure 1) and then at the front end of Column #2 (not shown).  

Data processing and QAQC: All isotope ratios were calculated relative to CO2 reference gas pulsed into 

the IRMS during the analysis. Analytical performance was validated by analysis of laboratory control 

samples (LCS). The LCSs were subjected to the full analytical process (purge and trap followed by the 2D-

GC-IRMS). Selected samples were analyzed as lab duplicates.  

 

 

 

Figure 1. Diagram of the 2D-GC CSIA 

instrument: 1) Purge & trap desorption and 

transfer line gas source; 2) Purge & trap unit; 3) 

Transfer line flow splitter; 4) Switching valve; 5) 

Vent with an optional capillary flow restrictor; 

6) Cryofocuser (LN2); 7) GC column #1 carrier 

gas source; 8) GC column #1; 9) Switching valve; 

10) Vent with capillary flow restrictor, leads to 

an FID detector; 11) Transfer line carrier gas 

source; 12) Heated transfer line; 13) Switching 

valve/cryofocuser interface between the 

transfer line and Column #2, configuration 

identical to items 5-7; 14) GC column #2; 15) 

Extension to the thermal conversion reactor 

and the IRMS.  
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1.0  Objective 
This technical standard operating procedure (SOP) describes the technical protocol to be used for conducting microcosm 
studies to support an evaluation of monitored natural attenuation (MNA) processes in GWU1 at the NIC site. This SOP 
includes construction of the microcosms, sampling, and analytical methods. 
 

2.0  Background 
CDM Smith is performing evaluations for the City of Wichita concerning MNA processes in GWU1 in the northeast part of 
NIC site, namely the Coleman Northeast/Unocal downgradient plume area north of the former Coastal Derby Refinery 
(located in GWU5). Studies of MNA were previously conducted for the NIC site during the Remedial Investigation/Feasibility 
Study (RI/FS) and baseline risk assessment activities. As a result, MNA was selected as the preferred remedial alternative 
for GWU1 although the KDHE specified in the Corrective Action Decision (CAD) that further MNA evaluation is needed to 
support this selection. Results from the City’s NIC site-wide RI/FS activities indicate that some natural attenuation of 
chlorinated solvents in groundwater is occurring via anaerobic degradation mechanisms in areas also impacted by 
petroleum hydrocarbons; however, this area is generally in GWU5, south of GWU1. The general purpose for the MNA study 
now being conducted is to further assess MNA processes within GWU1 and collect empirical data to determine whether 
implementation of the contingency alternative (extraction well installation) will be necessary. The microcosm study is one of 
several MNA evaluations being conducted to evaluate the natural aerobic degradation rates of chlorinated hydrocarbons in 
the groundwater in the northeast part of the NIC site (i.e., GWU1). 
 

2.1  General Description of Microcosm Studies 
Microcosm studies are typically conducted in a laboratory by combining soil and groundwater from the site in sealed bottles. 
The groundwater is then monitored over time to determine the concentrations of the chlorinated hydrocarbons. In many 
cases, chemical or biological reducing agents (e.g., lactate) are added to promote the degradation of the chlorinated 
hydrocarbons; however, in the case of the proposed microcosm studies for NIC, chemical reducing agents will not be 
added.  The samples will be spiked with TCE and PCE to increase concentrations. The concentrations of the chlorinated 
hydrocarbons will be monitored for approximately one year to determine the natural degradation rates. The procedures used 
in the studies generally follow the methods outlined in Ferry et al. 2004 (see Section 9, References). 
 

2.2 General Terms and Acronyms 
Microcosm – A bottle containing groundwater and soil maintained under controlled conditions in a laboratory. 
 
Chlorinated Hydrocarbons – The general class of hydrocarbons containing chlorine. In this study we are specifically 
interested in volatile chlorinated hydrocarbons including PCE, TCE, CDCE, and VC. 
 
CDCE – cis-1,2-dichloroethene. 
 
FSP – field sampling plan. 
 
PCE – tetrachloroethene. 
 
TCE – trichloroethene. 
 
VC – vinyl chloride or chloroethene. 
 
 



Microcosm Study to Evaluate Degradation Rates of 
Chlorinated Hydrocarbons 

Project-Specific SOP 1-1 
Revision: 0 
Date: February 24, 2015 

2.3  Associated Procedures 
See the site-specific Field Sampling Plan (FSP) for descriptions of procedures including soil and groundwater sampling, 
sample custody, packing and shipping of environmental samples, and logbook content and control. 
 

3.0  General Responsibilities 
Site Manager – The site manager is responsible for ensuring that field personnel are trained in the use of this procedure 
and for verifying that soil and groundwater samples are collected in accordance with this procedure. 
 
Field Team Leader – The field team leader is responsible for ensuring that sampling efforts are conducted in accordance 
with this procedure and any associated procedures described in the site-specific FSP. 
 
Laboratory Manager – The laboratory manager is responsible for ensuring that laboratory personnel are trained in the use 
of this procedure, the required equipment, and health and safety procedures and that microcosm samples are prepared in 
accordance with this procedure and any other standard operating procedures (SOPs) pertaining to laboratory procedures. 
The laboratory manager must also ensure that the quantity and type of quality assurance (QA) samples collected meet the 
requirements of the work plan. 
 

4.0  Project Planning 
4.1  General Equipment 
� Site-specific plans (e.g., sampling, work, health and safety) � Top loading balance (accuracy 0.01g) – Mettler 

Toledo model EL303 � Laboratory logbook 

� Indelible black ink pens and markers � Standard stock solutions of PCE and TCE 

� Nitrile or appropriate gloves � 50 mL glass serum bottles 

� Personal protective clothing and equipment � Caps for the serum bottles with septa 

� Kimwipes or paper towels � 10 mL syringe 

� Decontamination supplies � Bottle tumbler/rotator (consistent with SPLP 
Method 1312 specifications) � Insulated cooler(s) and waterproof sealing tape 

� Sample chain-of-custody forms � Laboratory grade oven capable of 100C +/- 20C 

� Labels and appropriate forms/documentation for sample 
shipment 

� 10 milliliter (mL) VOC vials – supplied by 
subcontract analytical laboratory 

� Custody seals � Autoclave 

� Ice/refrigerators  

 

4.5  Health and Safety Considerations 
Each individual in the laboratory will follow the CDM Smith laboratory hygiene and health and safety procedures. 
 

5.0  Microcosm Procedures 
This section provides details of the microcosm studies. 
 

5.1  Sample Collection 
Samples for magnetic susceptibility will be collected from six locations (GP-MNA-1 to GP-MNA-06, see work plan) using 
DPT technology. Continuous cores will be collected at each of these locations through the saturated zone to the bedrock 
(see FSP).  The onsite geologist will record Unified Soil Classification System (USCS) observations and other physical 
observations such as soil staining or obvious odor in the field book/form. The onsite geologist will collect composite samples 
over each two foot interval through the more permeable (e.g., sands) saturated zone. The soils will be sealed in plastic zip-
lock bags, labeled and placed in a cooler (see FSP). Based on current lithological descriptions, approximately 70 separate 
samples will be collected. The samples will be shipped to the CDM Smith treatability laboratory. Samples of groundwater will 
be collected from two monitoring wells (see FSP for procedures). CNE-NE-09D is near GP-MNA-02 and during the last 
sampling event (July 23, 2014) contained 0.85, 42.9, and 6.2 µg/L of PCE, TCE, and CDCE, respectively. NMW-37D is near 
GP-MNA-05 and during the last sampling (July 24, 2014) contained 2.5, 69.2, and 15.4 µg/L of PCE, TCE, and CDCE, 
respectively.  One liter, unpreserved samples will be collected from each well and shipped to the CDM Smith treatability 
laboratory. 
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5.2  Soil Preparation 
As previously discussed, approximately 70 soil samples will be collected in the field from six locations. At the CDM Smith 
laboratory, the samples will then be removed from the plastic bags, air dried overnight and homogenized by hand mixing. 
Any clumps of materials will be disaggregated using a rubber pestle and mortar. Any large rocks (>0.25 inch) will be 
removed. The remaining material will be sieved through a 2 mm sieve. Subsamples of each sample (< 2 mm portion) will be 
collected using a riffle splitter.  Each sample will be analyzed for magnetic susceptibility in accordance with the operating 
manual of the instrument. Each sample will also be analyzed for iron content (by XRF). Based on results from the magnetic 
susceptibility testing and on iron content, representative microcosm samples will be created by compositing samples from 
the shallow saturated aquifer zone at GP-MNA-02 and from the deep saturated aquifer zone at GP-MNA-05. The sieving, 
mixing and riffle splitting are performed because the sample size for the magnetic susceptibility, XRF and microcosms is 
very small and duplicate samples also need to be created (as discussed in Section 5.3). 
 

5.3  Microcosm Preparation 
Each microcosm will contain 35 gram of soil and approximately 35 mL of groundwater. The groundwater and soil will be 
placed in 50 mL glass serum bottles and sealed with crimp caps (with septa for sampling the groundwater). The selected 
volumes of groundwater and soil will completely fill the 50 mL bottles (no head space). Detailed procedures are listed below: 
 
1. The groundwater from both CNE-NE-09D and NMW-37D will be spiked with 100 µg/L of PCE and 200 µg/L of TCE. 

Certified stock solutions of PCE and TCE will be used to spike the groundwater. 
2. Each serum bottle will be weighted and approximately 35 g (approximately 22 cm3) added. The bottle will then be 

reweighed to determine the exact amount of soil added. 
3. The spiked groundwater will be added to completely fill the bottle (no head space). Each bottle will be reweighed to 

determine the exact amount of groundwater added. 
4. The septum cap will be crimped onto the bottle. 
5. Each bottle will be wrapped in aluminum foil. 
6. The bottles will be rotated in a tumbler for 24 hours. 
7. The bottles will be place in a laboratory hood and maintained at room temperature (20-22 OC) until sampling. 
 

5.4  Number of Microcosms 
Ten microcosms (50 mL each) will be prepared combining spiked groundwater from NMW-37D with soil from GP-MNA-05 
(deep zone) and ten microcosms (50 mL each) will be prepared combining spiked groundwater from CNE-NE-09D with soil 
from GP-MNA-02 (shallow zone). Five of the ten microcosms from each set will be autoclaved overnight to prevent any 
biological transformations. Five control microcosms will be prepared with glass beads and spiked groundwater from NWM-
37D and five control microcosms will be prepared with glass beads and spiked groundwater from CNE-NE-09D. Overall a 
total of 30 microcosms (each 50 mL each) will be prepared. This will be five microcosms for each set of samples: 
 

• Set 1:  NMW-37D/GP-MNA-05 

• Set 2:  autoclaved NMW-37D/GP-MNA-05 

• Set 3:  CNE-NE-09D/GP-MNA-02 

• Set 4:  autoclaved CNE-NE-09D with soil from GP-MNA-02 

• Set 5:  Control NWM-37D 

• Set 6:  Control CNE-NE-09D 
 

5.5  Chemical Analyses 
One microcosm from each of the six sets of microcosms listed above will be used for the analysis of the groundwater in the 
microcosm at the following times: 0, 3, 6, 9, and 12 months. That is, the microcosm will be sacrificed at the time of sampling 
and will be discarded. The zero time sample will be collected after the microcosms are mixed for 24 hours and the 
autoclaving has been conducted (sets 2 and 4 only). At each sampling time, 10 mL of the groundwater will be withdrawn 
from the microcosm through the septa using a needle syringe. The groundwater will be transferred to a preserved 10 mL 
VOA vial supplied by the subcontractor laboratory. The six samples from each sampling period will be packaged and 
shipped by express overnight mail to the subcontractor laboratory for analyses of VOCs (including PCE, TCE, CDCE, and 
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VC) using EPA Method 8260B. Note: the sampling times for the last two samples may be increased or decreased 
depending on the observed concentrations during the first three sampling periods (removal rates). 
 

6.0  Evaluations 
The results of the analyses (i.e., the concentrations of PCE, TCE, and CDCE) will be plotted versus time and the removal or 
attenuation rate calculated. Note: the concentrations of PCE, TCE, and CDCE are usually log transformed or plotted on a 
log scale. 
 

7.0  Equipment Cleaning/Decontamination 
To ensure that samples are not contaminated by equipment or containers, it is necessary to follow certain procedures for 
cleaning or decontaminating equipment. All equipment which is in direct contact with the sample must be cleaned between 
each sample preparation. The majority of the equipment or supplies used for the sample extraction procedures is dedicated 
and disposable. Decontamination procedures for the non-dedicated items, such as spatulas or scoops used to quantitatively 
transfer ground sample material to the extraction vessels is discussed below: 
 
1. Wash the spatulas, scoops, etc. with phosphate detergent and a stiff brush, being sure to remove gross contamination. 
2. Using a spray bottle, apply a layer of phosphate-free detergent to all surfaces. 
3. Vigorously scrub all surfaces. 
4. Rinse all surfaces again with de-ionized or distilled water until all detergent has been removed. 
5. Place the equipment in the drying rack. 
 

8.0  Documentation 
Bound laboratory logbooks shall be used for the maintenance of laboratory records. All aspects of sample preparation such 
as sample observations, deviations to procedures, laboratory duplicate precision, decontamination, and calibrations shall be 
documented in the laboratory logbooks. The logs documenting the preparation sequence shall be documented daily. All 
entries in laboratory logbooks should be legibly recorded and contain accurate and inclusive documentation of an 
individual’s activities. Corrections to logbook entries will be accomplished by a single cross out with the date and initials of 
the person making the entry. White out or correction tape is not permitted. 
 

9.0  References 
The following references were used in preparation of this SOP: 
 
Ferrey, M. L., R. T Wilkin, R. G. Ford and J. T. Wilson. 2004. Nonbiological Removal of Cis-dichloroethylene and 1.1-

dichloroethylene in Aquifer Sediment Containing Magnetite.  Environmental Science & Technology.  Vol. 38, No. 6, 
pp 1746 – 1752. 
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1.0  Objective 
The purpose of this technical standard operating procedure (SOP) is to define the techniques and requirements for the 
collection, preparation, and analysis of surface soil and sediment samples using field portable x-ray fluorescence (FPXRF) 
spectrometry.  
 
2.0  Background 
The techniques and protocols described herein are applicable to intrusive sampling and may be used to collect, prepare, 
and analyze soil and sediment using FPXRF analysis. FPXRF analysis has been successfully used to determine screening 
level elemental metal concentrations in soils and sediment. These samples may be collected as part of: 
 
 A site characterization 
 Site-specific sampling plans 
 To screen for “hot spots” 
 To assist in the development of remediation alternatives and as confirmation sampling to assess the effectiveness of 

remedial action excavation. 
 

2.1  Definitions  
Composite Sample – Two or more subsamples taken from a specific media and site at a specific point in time. The 
subsamples are collected and mixed, and then a single average sample is taken from the mixture. 
 
Disposable Sieve – A single-use, disposable sieve constructed from fiberglass or polyethylene mesh with openings of 
approximately 1.5 millimeters. The sieve is approximately 20 cm wide by 23 cm deep (8 inches wide by 9 inches deep), or of 
suitable size to fit inside a 1-gallon zip top-freezer bag. Quart zip-top bag versions may also be available. 
FPXRF – Field portable x-ray fluorescence spectrometry. 
 
Grab Sample – A sample composed of a discrete portion or single aliquot taken from a specific location at a given point in 
time. 
 
Spoon/Scoop – A small stainless steel or polyethylene utensil approximately 15 cm (6 inches) in length with a stem-like 
handle. 
 
Standard Reference Material – a soil-like material containing certified concentrations of metals intended for use in the 
evaluation of analytical methods and for the calibration of instruments used to determine heavy metals and other elemental 
concentrations in materials of similar matrix. 
 
Surface Soil – Soils generally defined as the soils extending from ground surface to approximately 30 cm (1 foot) below 
ground surface (bgs). Surface soil samples are frequently collected from 0 to 5 cm (0 to 2 inches) or 0 to 15 cm (0 to 6 
inches) below ground surface (bgs). Depending on application, the soil interval to be sampled will vary. 
 
Subsurface Soil – A soil depth increment lying below the defined surface soil increment; otherwise, the unconsolidated 
material that exists deeper than approximately 30 cm (1 foot) bgs. 
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2.2  Associated Procedures 
 SOP 1-2, Sample Custody 
 SOP 1-3, Surface Soil Sampling 
 SOP 1-4, Subsurface Soil Sampling 
 SOP 1-11 Sediment/Sludge Sampling 
 SOP 2-1, Packaging and Shipping Environmental Samples 
 SOP 4-1, Field Logbook Content and Control 
 SOP 4-5, Field Equipment Decontamination at Nonradioactive Sites 
 
2.3  Discussion 
The use of FPXRF spectrometry can be an excellent method of delineating metals concentrations in soils and soil-like 
materials, including sediments, mine wastes and tailings, and other granular materials and powders. Most FPXRF 
instruments can also analyze thin materials, such as painted surfaces; however, sample analysis in this mode is not 
addressed as part of this SOP (refer to the manufacturer’s instructions). The use of FPXRF spectrometry can be an 
invaluable aide during all project phases: investigation, design, and cleanup. However, understanding the method’s 
strengths and limitations is critical to obtaining usable results. FPXRF analyzers have a distinct operating range that is 
subject to interferences caused by site-specific physical and chemical characteristics which must be understood to optimize 
the use of the instrument. These interferences include: 
 
 Physical matrix effects, such as variations in particle size and sample homogeneity 
 Sample moisture content greater than about 20 percent 
 Inconsistent positioning of samples in front of the probe window 
 Chemical matrix effects resulting from differences in the concentrations of interfering elements 
 Changes in ambient air temperature producing instrument drift 

 
EPA Method 6200 (EPA 2007) is a standard analytical method developed by EPA guiding the use of FPXRF instruments. 
The method discusses the two modes in which FPXRF instruments can be operated when analyzing soil-like materials: in-
situ and intrusive. The in-situ mode involves analysis of an undisturbed material. Intrusive analysis involves collection and 
preparation of a sample before analysis. In-situ analysis is an attractive method in that no sample is collected and prepared, 
only limited preparation of the surface to be sampled is needed, and rapid results can be obtained. In practice, however, in-
situ results can be highly variable (order of magnitude) and subject to most, if not all, of the interferences noted above. In 
addition, in-situ measurements may potentially damage an expensive instrument and expose the unit to dirt and possible 
contamination. Therefore, in-situ measurements are generally not recommended for use on CDM Smith projects. 
 
This SOP presents the procedure for collection of intrusive samples of soil-like materials, including soils, sediment, granular 
and powdered materials, and mine waste and tailings. Accurate and precise intrusive analytical results using an FPXRF 
analyzer are highly dependent on the sample preparation method employed. A variety of sample preparation methods are 
available, ranging from direct analysis of the sample bag, those that involve a sieving step, to the full EPA Method 6200 that 
includes grinding the sample with a mortar and pestle. A brief summary of these preparation methods is provided in Table 1. 
In general, the more intensive the sample preparation method, the more precise and usually more accurate the results that 
can be obtained using FPXRF spectrometry. 
 
The preparation methods for FPXRF spectrometry analysis of sieved or unsieved samples through the sample bag promise 
rapid sample turnaround, but have certain disadvantages, including attempting to analyze through the thicker plastic sample 
bag and placing the analyzer window in an optimal position. Sample results are also more difficult to reproduce (i.e., low 
precision). Use of a portable test stand to secure the sample bag during analysis and multiple analyses can reduce, but not 
eliminate, these disadvantages. However, in the case of the sample bag method, an analysis can be performed quickly and 
may be useful for sample screening (e.g., identifying samples with extremely high or very low concentrations where no 
further analysis would be required). Compared to the sample bag method, the simple sieve method can usually be expected 
to provide more reproducible results due to a more consistent sample texture. Sample turnaround time of the simple sieve 
method, however, is dependent on the initial soil moisture content. High moisture contents will affect how easily the sample 
can be sieved. Dry samples or samples with low moisture content can usually be sieved and analyzed immediately. 
Saturated samples will require several hours to a day to dry (depending on soil texture), thus delaying the analytical process. 
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As noted in Table 1, the simple sieve method excludes the preparation of an XRF sample cup. Once a sample is dried and 
sieved, relatively little effort is needed to prepare the XRF sample cup, so the advantage of the simple sieve method over 
the quick cup method is small. Compared to analyses through the sample bag, use of an XRF sampling cup greatly 
increases the accuracy and precision of the results obtained. 
 
The sample preparation methods that can be expected to produce the most accurate and precise results are the quick cup 
method and the full EPA Method 6200. Both of these methods utilize XRF sample cups and provide highly reproducible 
results. With both methods, oven drying can increase sample turnaround time. However, oven drying can adversely affect 
results for mercury due to volatilization. If turnaround time is not a factor, samples may be air dried in ambient conditions for 
future analysis. The largest drawbacks of the full EPA 6200 method are the time needed to grind the samples and the 
number of pieces of preparation equipment that require ongoing decontamination. Conversely, if disposable sieves are 
used, the quick cup method eliminates several sample preparation and decontamination steps, yet can still deliver near-
laboratory quality results in most cases. 
 
The following general recommendations are made regarding the use of FPXRF analysis on CDM Smith projects: 
 
1. In most cases, in-situ (i.e., direct reading of the surface) measurements are not recommended due to variable data 

quality, potential interferences, and possible instrument contamination and damage. 
 
2. Direct readings of the samples in the sample bag may be useful in screening out samples of very high or very low 

contamination from those requiring further analysis (depending on moisture content, texture, and other factors). 
 
3. The quick cup preparation method has been demonstrated to produce accurate and precise results at a reasonable 

cost. If time allows, samples should be thoroughly dried to reduce moisture matrix effects. Drying samples in an oven is 
preferred (except for mercury), but allowing samples to air dry will reduce handling time and still produce acceptable 
results. 

 
4. The full EPA Method 6200 procedure produces the most accurate and precise results. However, this method requires 

continual decontamination of sieves and grinding equipment which limits its usefulness in actual field conditions. 
 
5. A controlled environment (e.g., job trailer, warehouse space, etc.) in which to set up a temporary laboratory space will 

reduce some of the operational variables and provide more precise and accurate results. 
 
2.4  Analytes 
The FPXRF method is applicable to the analysis of the 26 analytes listed in the tables below. Lithium, beryllium, sodium, 
magnesium, aluminum, silicon, and phosphorus are not shown, as these are considered “light” elements that are not 
detected by FPXRF instruments. Most of the analytes listed below are of environmental concern, while a few others have 
interference effects or change the elemental composition of the matrix, affecting quantitation of the analytes of interest. 
Refer to the manufacturer’s manual for your specific unit for details on specific interferences and specifications. It is possible 
to determine the following Resource Conservation and Recovery Act (RCRA) analytes by this method: 
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RCRA Analytes CAS Registry No. 
Antimony (Sb) 7440-36-0 
Arsenic (As) 7440-38-0 
Barium (Ba) 7440-39-3 
Cadmium (Cd) 7440-43-9 
Chromium (Cr) 7440-47-3 
Cobalt (Co) 7440-48-4 
Copper (Cu) 7440-50-8 
Lead (Pb) 7439-92-1 
Mercury (Hg) 7439-97-6 
Nickel (Ni) 7440-02-0 
Selenium (Se) 7782-49-2 
Silver (Ag)1 7440-22-4 
Thallium (Tl) 7440-28-0 
Tin (Sn) 7440-31-5 
Vanadium (V) 7440-62-2 
Zinc (Zn) 7440-66-6 

In addition, it is possible to determine the following non-RCRA analytes by this method: 
 
 
 
 
 
 
 
 
 
 
 
 
 

The FPXRF method is intended to be a relatively rapid and accurate field screening procedure. When used in conjunction 
with other confirmatory analysis (e.g., inductively coupled plasma-atomic emission spectrometry [ICP-AES] or inductively 
coupled plasma-mass spectrometry [ICP-MS]), excellent results can be obtained when the analyte concentrations are above 
the FPXRF instrument’s lower limits of detection. If appropriately documented, FPXRF results can be considered definitive 
and can therefore be used for all purposes, including risk assessment. Example lower limits of detection for analytes of 
interest in environmental applications are shown in Table 1 of EPA Method 6200 (EPA 2007). The method’s lower limits of 
detection are typically above the toxicity characteristic regulatory level for most RCRA analytes. When the obtainable values 
for precision, accuracy, and laboratory-established sensitivity of this method meet project-specific data quality objectives, 
FPXRF is a fast and-cost effective technology. 
 
The sample preparation and FPXRF methods described in the remainder of this SOP were prepared for the implementation 
of the sample bag, simple sieve, and quick cup sample preparation methods. The full EPA Method 6200 is available as a 
separate SOP (EPA 2007). 
 
3.0  General Responsibilities 
Site Manager – The site manager is responsible for ensuring that field personnel are trained in the use of this SOP, related 
SOPs, and the required equipment. The site manager must also ensure that the quality control/quality assurance (QA/QC) 
requirements are met. 

 
 

Non-RCRA Analytes CAS Registry No. 
Calcium (Ca) 7440-70-2 
Iron (Fe) 7439-89-6 
Manganese (Mn) 7439-96-5 
Molybdenum (Mo) 7439-93-7 
Potassium (K) 7440-09-7 
Rubidium (Rb) 7440-17-7 
Strontium (Sr) 7440-24-6 
Thorium (Th) 7440-29-1 
Titanium (Ti) 7440-32-6 
Zirconium (Zr) 7440-67-7 
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Field Team Leader (FTL) – The field team leader is responsible for ensuring that sampling efforts are conducted in 
accordance with this procedure and any other SOPs pertaining to specific media sampling. The FTL must also ensure that 
the quantity and location of samples collected meet the requirements of the site-specific plans. 
 
Note: Responsibilities may vary from site to site. Therefore, all field team member responsibilities shall be defined in the 
field plan or site/quality assurance project plan (QAPP). 
 
4.0  Required Equipment 
 One-gallon ziptop freezer bags  No. 10 brass sieves or disposable sieves 
 Latex or appropriate gloves  Personal protective equipment 
 Rubber mallet  Appropriate polyethylene sample cups 
 Mylar x-ray window film  Project plans
 Field logbook   Drying oven (optional)
 Indelible black ink  Computer
 FPXRF analyzer  Decontamination equipment 
 Stable power supply  
 
5.0  Procedures 
Sample collection procedures for surface and subsurface soil samples as outlined in SOPs 1-3 and 1-4 shall be followed, 
with the following modifications: 
 
5.1  Sample Collection 
The following steps must be followed when preparing to collect samples to be analyzed by FPXRF: 
 
1. Collect samples for inorganic compound analysis per SOPs 1-3 and 1-4, or as modified by the site-specific sampling and 

analysis plan. Use of disposable spoons or trowels can obviate the need to decontaminate the sampling equipment. 
Sample media will be collected directly into one-gallon zip-top freezer bags or into the disposable sieve placed inside a 
one-gallon-sized zip-top bag. Rocks, twigs, debris and other large materials can be excluded from the sample volume. 
 

2. Homogenize the sample by kneading and mixing in the zip-top bag. 
 

3. If the material is dry enough to produce a representative sample, air or oven drying of the sample may not be necessary 
and the drying step may be skipped. 
 

5.2  Sample Drying 
Analysis of dry samples will increase the accuracy and precision of the FPXRF method. The following steps should be 
considered when drying samples: 
 
1. If the sample is too moist to easily pass through the sieve or tends to “clump”, the sample should be taken to a 

processing area or facility for drying. To ensure minimal interference while analyzing, moisture content should be as low 
as possible, but no more than 20 percent; less than 5 percent is preferable. 
 

2. There are three general methods for drying samples: 1) Air-drying at room temperature, 2) oven-drying at moderate 
temperature, and 3) oven-drying at high temperature. Warming trays and hot-plates are also possible drying methods. 
Drying samples using a microwave oven is not recommended. The drying speed of any the methods employed is 
variable and relies on initial moisture content and sample texture. 
 

3. If turn around time is not a primary consideration, air-drying of open zip-top sample bags is a simple and cost effective 
means of accomplishing sample drying. Faster drying can be accomplished with the use of a drying oven. Moderate-
temperature oven-drying implies the use of an oven with controlled temperature settings that can be set low enough to 
avoid melting/damage of plastic sample bags (60 to 70 °C or about 140 to 160 °F). High temperature drying (150 °C or 
about 300 °F) requires the extra step of transferring the sample to disposable or dedicated metals trays. 
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5.3  Sample Sieving 
Sieving of samples is required to remove rocks, coarse fragments, and debris greater than approximately 2 millimeters 
(mm). The following steps should be considered when sieving samples: 
 
1. Samples can be sieved using brass, stainless steel, or disposable sieves. A sieve opening of 2 mm (U.S. No. 10 sieve) 

should be used for brass or stainless steel sieves. Disposable sieves presently available have an opening of 
approximately 1.5 mm. Usually, this difference in sieve sizes has a minimal effect on analytical results. However, the 
sieve size used to process the samples should be recorded and reported in any subsequent data summary report. 
 

2. Reduce the sample portion by agitating the metal sieve or the disposable sieve inside the ziptop bag. Care should be 
taken to not allow bulk sample material to escape the sieve. Avoid breathing the dust while sieving. 
 

3. Dried samples may need to be pulverized or broken up before sieving. Usually, hand pressure applied to the sample 
through the zip-top bag is sufficient. Alternatively, a rubber mallet can used directly through the zip-top bag or 
bag/disposable sieve combination to break soil clumps and loosen material so it passes through the sieve. Care should 
be taken to not damage the zip-top bag or mesh sieve. Sample media should be evenly pulverized or broken up to 
produce a representative sample. After sieving the sample, dispose of the remnant material in accordance with the 
project plans. 
 

5.4  Sample Preparation 
The following steps shall be considered when preparing samples for FPXRF analysis: 
 
1. Assess the level of sample preparation required to meet project needs and objectives. The sample preparation method 

selected largely determines the quality of the results obtained with FPXRF. Depending on project needs and objectives, 
adequate results may be obtained by directly analyzing the sample with the FPXRF instrument through the zip-top bag 
(a sample stand usable for this purpose is generally available from the FPXRF manufacturer). Alternatively, more 
intensive preparation methods provide better accuracy and precision at the expense of increasing the turnaround time 
for obtaining results. 
 

2. Samples analyzed directly through the sample bag are subject to greater analytical variability with less reproducible 
results. Among several variables, results are affected by sample bag thickness, matrix effects (e.g., presence of rocks, 
debris,), moisture content, and inconsistencies with the detector-to-sample distance. 
 

3. Best results will be achieved through the use of XRF sample cups and Mylar film. Usually, the loaded sample cups can 
be forwarded to the wet laboratory for confirmatory analyses. 
 

4. Sample cups consist of four parts: the cup body, a collar (or ring), a bottom cap (or base), and mylar x-ray window film. 
Sample cups are prepared before analysis by attaching the x-ray window film tightly across the top of the sample cell 
body with the snap collar or ring. The film should be smooth and taut, with no wrinkles or divots. Write the sample 
identification on the side of the sample cup. 
 

5. Ensure that the sample media is thoroughly mixed in the zip-top bag. 
 

6. The sample cup is placed into the ziptop bag, and alternately filled and tamped with a gloved finger until it is full. The 
base is then firmly pressed onto the cell until it locks. The resulting sample cell should be even, uniform, and firmly 
packed with no air pockets or voids evident through the Mylar film. 
 

7. The loaded sample cup may remain in the ziptop bag until ready for analysis. 
 

5.5  FPXRF Analysis 
The following steps and other appropriate guidance must be followed when analyzing samples with the FPXRF instrument: 
 
1. Follow the operating instructions supplied with the FPXRF unit. Turn the unit on and let it acclimate for at least 10 

minutes. 
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2. Navigate to the utilities menu, and select “Calibration.” The unit will auto-calibrate. After calibration, note the resolution. 
With most FPXRF instruments, calibration should be performed at the beginning of the sampling period, and after any 
time the unit is “off” for more than 30 minutes. 
 

3. Results are stored in the instrument for eventual transfer to a database. However, to ensure that results are not lost or 
accidentally overwritten, they should also be recorded in a bound, hard cover logbook with numbered pages, or other 
appropriate media according to the applicable work plan. Suggested appropriate information is presented in the 
following table: 

 
Date: 3/11/08 Operator: E. Peterson, CDM Smith 
Activity: FPXRF of residential soil samples, XXX Project 
Calibration 
Reading #: 

1 Resolution: 270 
Pass / Fail 

Calibration 
Time: 
Temp (F): 

1300 hrs 
 
60 

 
Reading 
No./Time 

Sample ID As Pb Sample Type Sample 
Date/Time 

2/1310 NIST-LOW 32.2 45.5 NIST-2709 NA 
3/1312 NIST-MED 90.6 1103 NIST-2711 NA 
      

 
4. Navigate to the bulk analysis menu. Typically, analysis should be conducted for a minimum of 60 counts per sample. 

Longer measurement times are typically used to meet higher precision and accuracy requirements. Refer to your 
FPXRF manual and appropriate field plans for specific analysis requirements that are appropriate for your analyzer and 
the analytes being measured. 
 

5. Place the sample cup in the FPXRF instrument’s base, and firmly close the drawer. Be sure the film is flush against the 
x-ray window, and consistent placement is used with all samples. 
 

6. Analysis is started by using the personal computer interface start and stop buttons, or manually by squeezing and 
holding the trigger. Refer to your FPXRF manufacturers’ manual. 
 

7. The sample cup shall be returned to the zip top bag after analyzing, and sealed. Samples shall be archived for possible 
confirmatory analysis at a later date. 
 

6.0  Quality Control Samples 
A good discussion of quality control for FPXRF analysis is provided in Section 9.0 of EPA Method 6200 (EPA 2007). These 
quality control checks and samples include the following: 
 
1. An energy calibration check to determine whether an FPXRF instrument is operating with resolution and stability 

tolerances, and indicates instrument drift. The energy calibration check is performed at the beginning of each working 
day, after a battery change or the instrument has been turned off, when there is ambient air temperature fluctuation 
more than 10 °F, and when the operator believes that drift is occurring during analysis. 

 
2. Blank samples include instrument blanks to verify than no contamination exists in the spectrometer or on the probe 

window and method blanks that monitor for laboratory-induced contaminants or interferences. The instrument blank is 
usually an XRF cup of clean silica sand. The method blank is usually clean silica sand that has be subjected to the same 
preparation procedures as the natural samples. 

 
3. Calibration verification check samples are standard reference materials of known metals concentrations to check the 

accuracy of the XRF instrument and to assess the stability and consistency for the analytes of interest. 
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4. Precision measurements are generally taken to assess the effect of concentration on method precision. Establishing the 
method precision is particularly important in assessing sample results near a site action level or level of concern. 

 
5. The lower limit of detection may be established from actual measured performance based on the results of confirmatory 

samples submitted and by other means. For FPXRF to be an effective tool at lower concentration ranges, site action 
levels should generally be at least 3 to 5 times the lower limit of detection of the instrument. 

 
6. The comparability of the FPXRF analysis is verified by submitting a subset of samples for confirmatory analysis to wet 

laboratory. Linear regression can then be used to assess the quality of the FPXRF data. 
 
Quality control samples should be analyzed at a frequency of one set of standard reference materials per 20 natural 
samples, in addition to at the beginning and end of each sample run. Field duplicate samples should be analyzed at a rate of 
one per every 20 natural samples, and a replicate XRF reading (i.e., a repeat reading) should be taken of every field 
duplicate. Appropriate standard reference materials of similar matrix and bracketing the expected metals concentrations of 
the media being analyzed shall be selected. Samples from the National Institute of Testing and Materials (NIST) or a similar 
type of reference material should be used. Use of NIST traceable standards is recommended, although other standard 
reference materials may also be suitable, depending on project requirements. Usually, the standard reference materials 
provided with the XRF analyzer will be sufficient to accommodate most situations. The measured analyte values should be 
±20 percent of the standard reference material value. Blank samples, usually consisting of clean silica sand, are also 
analyzed at a rate of one per every 20 natural samples. 
 
Laboratory confirmation samples analyzed by wet methods are generally submitted at a rate of one per every 20 natural 
XRF samples. It may be desirable to select the confirmatory samples from a varied range of XRF concentrations to establish 
a comparison and correlation of the FPXRF and wet laboratory results. It may be especially important to submit samples 
with XRF results close to the cleanup action level to the laboratory for confirmation. In many cases, once a correlation is 
established, confirmatory sampling may be reduced or eliminated, depending on client approval. Confirmatory sampling 
procedures shall be discussed in the field sampling plan. 
 
7.0  Restrictions/Limitations 
The lower limits of detection of the FPXRF method are much higher than those achievable by wet analytical methods. 
Ensure that the lower limits of detection of the FPXRF method can meet the project data quality objectives and/or are taken 
into account in the usability of the data obtained. 
 
8.0  Statistical Treatment of Analytical Data 
Performance of the FPXRF method can be compared to the results from confirmatory samples. Instrument performance 
against the known standard reference materials values should also be performed to confirm that the FPXRF unit was 
operating within acceptable limits. The confirmatory samples must be splits of the well homogenized sample material. If 
sample cups were used, these can (and usually should) be submitted to the laboratory for analysis. The confirmatory 
samples should be selected from the lower, middle, and upper ranges of concentrations measured by FPXRF and include 
samples with analyte concentrations at or near the site action levels. The standard comparison technique is the use of 
regression analysis, such as that described by Miller and Miller (2005). The data are paired and plotted so that each point on 
the graph represents a sample analyzed by FPXRF and the analytical laboratory. The slope, intercept, and correlation 
coefficient of the regression line are then calculated. The correlation coefficient (r) for the results should be 0.7 or greater for 
the FPXRF data to be considered screening level data. If the r is 0.9 or greater and the statistics indicated that the FPXRF 
and confirmatory sample results are close to being true pairs (usually at either the 95% or 99% confidence interval), the data 
can potentially be considered enforcement quality. Quantifying the FPXRF error may be useful in setting an alternative 
FPXRF action level to ensure compliance with the site action level. Assuming that the confirmatory laboratory results have 
negligible errors and are of acceptable quality, one way to quantify FPXRF error is by using the regression equation to 
predict the FPXRF concentration, calculating the relative FPXRF error, and plotting the relative error as a function of 
laboratory-derived concentration. The FPXRF error at the site action level can then be used to help set an alternative (and 
usually lower) FPXRF action level. This alternative level can be used, for example, to help decide which samples should be 
submitted to laboratory for definitive analysis or help determine if an excavation has met a site’s removal criteria. 
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9.0  Safety and Regulatory Considerations 
All FPXRF analyzers with radioactive isotope sources are designed so that virtually no measurable radiation external to any 
part of the instrument can escape when the shutter is closed. When FPXRF instruments are used in accordance with its 
instructions, there is minimal radiation exposure, even with the shutter open. Radioactive sources are designed to remain 
secure under extreme conditions, so that even if the instrument is broken, crushed, or burned, there should be no leakage of 
radioactive material. Radiation safety for each specific instrument can be found in the unit’s owner’s manual. 
 
Radioactive material is considered a hazardous material for the purposes of transport. This means that the transportation of 
a portable FPXRF device containing radioactive material is regulated. In the United States, the regulatory authority for 
hazardous materials transport is the Department of Transportation (DOT). The Federal hazardous materials transportation 
law (49 U.S.C. § 5101 et seq.), is the basic statute regulating the transportation of hazardous materials in the United States. 
This law requires the training of all hazardous materials employees. The purpose is to increase an employee's safety 
awareness and be an essential element in reducing hazardous materials incidents. 
 
Devices with x-ray tubes as the signal source are regulated differently than those with radioactive material sources. There is 
no federal agency with regulatory authority over the use of these devices so they are regulated by state agencies in each 
state. The regulator is often the same state agency that controls radioactive material when the state is an agreement state, 
but the regulatory requirements for these devices may different from those with radioactive sources. Consult with your CDM 
Smith local and regional health and safety coordinator prior to ordering and utilizing any FPXRF instrument 
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Table 1 

Summary of Field Portable XRF Sample Preparation Methods 

Prep 
Method 

Prep 
Intensity Oven Dry? Sieving 

Step? 
Cupping 

Step? 
Analysis 
Method 

Expected 
Data Quality 

Turn 
Around 

Time 
Comments 

In-Situ Very Low No No No Directly on 
ground 

Order of 
Magnitude Very Fast Poor accuracy 

and precision.  

Sample Bag Low No No No Through 
sample bag 

Order of 
Magnitude Fast 

May be useful for 
sample screening 
of very high/low 
results. 

Simple Sieve Moderate 

If necessary; 
based on 
initial soil 
moisture 
content 

Yes No Through 
sample bag 

Sub-
Screening 

Level 

Medium 
(depends on 

initial 
moisture 
content) 

Sieve to -2mm 
using brass or 
disposable 
sieves. Analysis 
through sample 
bag may limit 
reproducibility of 
results. 

Quick cup Moderate 

If necessary; 
based on 
initial soil 
moisture 
content 

Yes Yes XRF sample 
cup 

Screening to 
Enforcement 

Quality 

Medium 
(depends on 

initial 
moisture 
content) 

Sieve to -2mm 
using brass or 
disposable 
sieves. Excellent 
results can be 
achieved with 
reasonable 
turnaround times.

Full EPA 
6200 High Yes Yes Yes XRF sample 

cup 
Enforcement 

Quality Slow 

Grinding step 
slows sample 
prep and adds to 
equipment 
decontamination 
burden. 
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HEALTH AND SAFETY PLAN FORM       This document is for the exclusive CDM SMITH INC.

CDM Smith Health and Safety Program        use of CDM Smith and its subcontractors PROJECT DOCUMENT #: NIC
                                           

PROJECT NAME North Inductrial Corridor PROJECT# NIC REGION South Central
  

SITE ADDRESS Northern Wichita, Kansas CLIENT ORGANIZATION City of Wichita

  CLIENT CONTACT Darren Brown

 CLIENT CONTACT PHONE # 316-268-8355
  

(  ) AMENDMENT TO EXISTING APPROVED H&SP?          

(  ) H&SP AMENDMENT NUMBER?             (  ) DATE OF APPROVED H&SP  

OBJECTIVES OF FIELD WORK:               SITE TYPE: Check as many as applicable

(e.g. collect surface soil samples):

Active (X) Landfill (  ) Unknown (  )

Inactive (X) Uncontrolled (  ) Military (  )

Secure (X) Industrial (X) Other (specify)

Unsecure (X) Recovery (X)  
 

Enclosed space (   ) Well Field (  )   

PERSONNEL AND RESPONSIBILITIES COMPANY or CDM SMITH HEALTH PROJECT OR SITE Tasks

NAMES OF WORK CREW MEMBERS DIVISION CLEARANCE RESPONSIBILITIES Onsite?

Monica Williams CDM Smith C-S 1,2,3,4

Brian Bennett CDM Smith C Project Scientist 1,2,3,4

BACKGROUND REVIEW: (X) Complete     (  ) Incomplete

All requirements described in the CDM Smith Health and Safety Manual are incorporated in this 

health and safety plan by reference.

Task Lead, Project Geologist, 

SHSC

The objectives of the MNA Study are to characterize, to the 

extent necessary, the nature and extent of groundwater 

contamination in the site. Activities will include direct-push 

sampling, water level measurement, existing well and surface 

water sampling, and potential well installation.
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SITE MAP: 
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HISTORY: Summarize conditions that relate to hazard.  Include citizen complaints, spills, previous investigations or agency actions, known injuries, etc.

WASTE TYPES: (X) Liquid      ( X ) Solid      (  )  Sludge      ( ) Gas      (  ) Unknown      ( ) Other, specify:

WASTE CHARACTERISTICS: Check as many as applicable. WORK ZONES: Describe the Exclusion, Contamination Reduction, and Support 

Zones in terms on-site personnel will recognize

  ( ) Corrosive           (X) Flammable    ( ) Radioactive
  

  (X) Toxic                (X) Volatile         ( ) Reactive
  

  ( ) Inert Gas               (   ) Unknown                 

  ( ) Other: 

HAZARDS OF CONCERN:                                      Check as many as applicable. FACILITY'S PAST AND PRESENT DISPOSAL METHODS 

AND PRACTICES:

  (X) Heat Stress (X) Noise      CDM Guideline

  (X) Cold Stress ( ) Inorganic Chemicals

  (X) Explosive/Flammable     (X) Organic Chemicals  

  ( ) Oxygen Deficient            (X) Motorized Traffic

  ( ) Radiological                                         ( ) Heavy Machinery

  ( X) Biological (X) Slips & Falls CDM Guideline

  ( ) Other: 

  ( ) Other: 

This plan incorporates CDM Smith's procedure for: (Click on the relevant topics to download the hazard guideline. Delete irrelevant topics.)

 Traffic and Work Zone Safety  Hazardous Waste Site Decontamination

 Manual Material Handling  Working Safely Around Geoprobes

 Working Around Heavy Equipment  Hazardous Waste Site Controls

 Working Near or Over Water  Working Safely Around Drill Rigs

 Flammable and Combustible Liquids

The NIC Site consists of over 4,000 acres in north-central Wichita, Kansas. The site is being investigated for soil and groundwater contamination primarily associated 

with chlorinated solvents and petroleum hydrocarbons. The NIC site consists of mixed use properties including industrial, commercial, residential, agricultural, and 

recreational properties. The NIC site is now in the remedial design/remedial action (RD/RA). Chlorinated solvent and petroleum contamination have been identified 

during previous site investigations.    

When drilling, the exclusion zone is an area with a radius of 1.5x drill rig mast height, 

contamination reduction zone is at the edge of the exclusion zone.  Support zone is 

field vehicles.

Various disposal operations lead to contamination of groundwater, primarily by 

VOCs. Waste includes BTEX, petroleum hydrocarbons, and primarily chlorinated 

VOCs. Small localized source areas with metals contamination are also known. 

Investigations conducted during this program will focus on the site-wide VOC 

groundwater contamination.

CDM Guideline

CDM Guideline
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DESCRIPTION AND FEATURES: Include principal operations and unusual features (containers, buildings, dikes, power lines, hillslopes, rivers, etc.)

SURROUNDING POPULATION: (X) Residential    (X) Industrial   (X) Commercial  (X) Rural    (X) Urban    OTHER:

HAZARDOUS MATERIAL SUMMARY: Highlight or bold waste types and estimate amounts by category.         

CHEMICALS: SOLIDS: SLUDGES:          SOLVENTS:        OILS: OTHER:
Amount/Units: Amount/Units: Amount/Units: Amount/Units: Amount/Units: Amount/Units:

Acids Flyash               Paints Ketones Laboratory

Pickling Liquors Mill or Mine Tailings       Pigments Aromatics Gasoline Pharmaceutical

Caustics Asbestos     Metals Sludges Hydrocarbons Hospital

Pesticides Ferrous Smelter      POTW Sludge Alcohols Radiological

Dyes or Inks Non-Ferrous Smelter Distillation Bottoms
Halogenated (chloro, 

bromo)
Municipal

Cyanides Metals Aluminum Esters PCBs Construction

Phenols Dioxins  Ethers Munitions

Halogens     

Other - specify Other - specify Other - specify Other - specify Other - specify

Very low concentrations of 

specific chemicals may be 

present.

 

Polynuclear Aromatics

Heating Oil

Other - specify

The area within the NIC site is primarily industrial land use with lesser commercial and residential areas.  The site includes several tributaries of Chisholm Creek.

Oily Wastes

Lubricants

Diesel Oil
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HIGHEST PEL/TLV IDLH Warning PHOTO

KNOWN OBSERVED ppm or mg/m3 ppm or mg/m3 Concentration SYMPTOMS & EFFECTS IONIZATION

CONTAMINANTS CONCENTRATION (specify) (specify) (in ppm) OF ACUTE EXPOSURE POTENTIAL

Trichloroethene (TCE) GW - 250 µg/L; S - 290,000 µg/Kg 50 ppm 1,000 ppm 82 ppm Vertigo, visual disturbance, headache, drowsiness9.45

Tetrachloroethene (PCE) GW - 7.8 µg/L; S - 54,000 µg/Kg 25 ppm 150 ppm 47 ppm Irritated eyes, nose, throat, flushed face & neck, dizziness9.32

1,2 - Dichloroethene (1,2 - DCE) GW - 402 µg/L; S - 659 µg/Kg 200 ppm 1,000 ppm 1.1 ppm Irritated eyes, CNS depression 10

Vinyl chloride GW - 82 µg/L 1 ppm Carc. NA Weakness, stomach pain, cancer 10

1,1,1 - Trichloroethane (TCA) GW - 2,131 µg/L; S - 3,086 µg/Kg 350 ppm 700 ppm 400 ppm Headache, CNS depression, loss of balance, eye irritation11

1,1 - Dichloroethane (1, 1 - DCA) GW - 140 µg/L 100 ppm 3,000 ppm 120 ppm Skin irritation, drowsiness 11.1

1,1 - Dichloroethene (1,1 - DCE) GW - 11 µg/L 1 ppm >500 ppm 1.1 ppm No acute effects <11.0

Benzene GW - 8.2 µg/L* 0.5 ppm 500 ppm 61 ppm Eye & nose irritation, headache, giddiness, nausea, fatigue9.25

Carbon tetrachloride (CC14) GW - 230 µg/L 2 ppm 200 ppm 250 ppm Central nervous system depression, nausea, liver damage 11.5

Chrolorform (CFM) GW - 340 µg/L 2 ppm 500 ppm 192 ppm Mental dullness, headaches, anesthesia, dizziness11.4

NA = Not Available       NE = None Established U = Unknown Verify your access to an MSDS for each chemical 

  you will use at the site.

           S = Soil SW = Surface Water     T = Tailings       W = Waste          TK = Tanks SD = Sediment

           A = Air GW = Ground Water     SL = Sludge        D = Drums          L = Lagoons OFF = Off-Site
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Disturbing

the Waste?

1 Intrusive Cold and heat stress, exposure to inorganic and organic 

chemicals.

Non-intrusive

2 Intrusive Cold and heat stress, motorized traffic, exposure to

inorganic and organic chemicals.

Non-intrusive

3 Intrusive Cold and heat stress , motorized traffic, exposure to

inorganic and organic chemicals.

Non-intrusive

4 Intrusive

 

Non-intrusive

5 Intrusive

Non-intrusive

6 Intrusive

Non-intrusive

SPECIALIZED TRAINING REQUIRED: SPECIAL MEDICAL SURVEILLANCE REQUIREMENTS:

OVERALL HAZARD EVALUATION: ( ) High     ( ) Medium     (X) Low     ( ) Unknown(Where tasks have different hazards, evaluate each.)

FIRE/EXPLOSION POTENTIAL: ( ) High     ( ) Medium     (X) Low     ( ) Unknown  

TASK - SPECIFIC HAZARDS

Cold and heat stress , motorized traffic, exposure to 

inorganic  and organic chemicals.
Apr. 2014 - May 

2014

Apr. 2014 - May 

2014

Low Hazard

Low Hazard

Apr. 2014 - May 

2014

Surface water sampling

JUSTIFICATION:

SPECIFIC TASK DESCRIPTIONS

Water level measurement, existing well sampling - using 

bailers, submersible pump, peristaltic pump, water level 

meter.

Direct-push soil and groundwater sampling using direct-

push rig and new tubing/check valve for groundwater 

sampling.

Well installation by direct-push or hollow stem auger 

methods. Well development and sampling.

Previous monitoring events and other field work at site

None. None.

HAZARD 

Low Hazard

Low Hazard

Apr. 2014 - May 

2014
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PROTECTIVE EQUIPMENT: Specify by task. Indicate type and/or material, as necessary. Group tasks if possible. Use copies of this sheet if needed.

BLOCK A Respiratory: ( X ) Not needed Prot. Clothing: (  ) Not needed BLOCK B
(  ) SCBA, Airline: (  ) Encapsulated Suit:

(  ) APR: (  ) Splash Suit

(  ) Cartridge: (  ) Apron:

(  ) Escape Mask: (  ) Tyvek Coverall or

(  ) Other: (  ) Saranex Coverall

(  ) Cloth Coverall:

Head and Eye: (  ) Not needed (X) Other: Work Clothes

(X) Safety Glasses: When Drilling

(  ) Face Shield: Gloves: ( ) Not needed

(  ) Goggles: (  ) Undergloves:  

(X) Hard Hat: Where overhead hazards(X) Gloves:  Nitrile

(  ) Other: ( x) Overgloves:  

Boots: (  ) Not needed Other: specify below

(X) Steel-Toe (  ) Steel Shank (   ) Tick Spray

(  ) Rubber (  ) Leather (  )  Flotation Device If Over Water

(  ) Overboots:  (  )  Heating Protection

( )  Sun Screen

This health and safety plan form constitutes hazard analysis per 29 CFR 1910.132
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MONITORING EQUIPMENT: Specify by task. Indicate type as necessary. Attach additional sheets if needed.

INSTRUMENT TASK ACTION GUIDELINES COMMENTS

Combustible 0-10% LEL No explosion hazard (X) Not Needed

Gas Indicator 10-25% LEL Potential explosion hazard; notify SHSC

>25% LEL Explosion hazard; interrupt task/evacuate

  21.0% O2 Oxygen normal

<21.0% O2 Oxygen deficient; notify SHSC

<19.5% O2 Interrupt task/evacuate

Radiation 3 x Background: Notify HSM (X) Not Needed

Survey Meter >2mR/hr: Establish REZ

Photoionization Specify: (  ) Not Needed

Detector

10.2 eV lamp 10-50 ppm Upgrade to Level C Scan soils during sampling.

Type  Mini Rae 2000 or equivalent >50 ppm leave area.

Flame Ionization Specify: (X) Not Needed

Detector

Type____________

Single Gas Specify: (X) Not Needed

 

Type____________

Type____________

Respirable Specify: (X) Not Needed

Dust Monitor

Type____________

Type____________

Other Specify: (X) Not Needed

Specify:

Type____________

Type____________

1-10 ppm Level D, (check for benzene 

with Drager tubes, if present upgrade to 

level C)
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DECONTAMINATION PROCEDURES

ATTACH SITE MAP INDICATING EXCLUSION, DECONTAMINATION, AND SUPPORT ZONES AS PAGE TWO

Personnel Decontamination Sampling Equipment Decontamination Heavy Equipment Decontamination

Summarize below or attach diagram; Summarize below or attach diagram; Summarize below or attach diagram;

Remove Equipment:

 - Equipment Drop Scrub with phosphate-free detergent, rinse with Stream clean or high pressure hot-water wash.

 - Hard Hat tap water followed by distilled/deionized water.

 - Boots (outer) if worn To be conducted at the subcontractor's heavy 

 - Gloves (outer) if worn To be conducted at the contamination reduction equipment contamination reduction zone.

 - Nomex Coverall (outer) if worn zone established at each location.

 - Respirator if worn

 - Inner gloves

 - Face and hand wash with soap and water

(  ) Not Needed (  ) Not Needed (X) Not Needed

Containment and Disposal Method Containment and Disposal Method Containment and Disposal Method

Contain all disposable personel protective Decon water to be stored onsite until it can be Decon water to be stored onsite until it can be discharged into

equipment in plastic bags, dispose as discharged into sanitary sewer at city- sanitary sewer at city-approved location.

municipal refuse. approved location.

(X) Hydrochloric Acid (  ) Zinc Acetate (X) Alconox 
TM 

(  ) Hexane (  ) 100 ppm isobutylene (  ) Hydrogen Sulfide

(  ) Nitric Acid (  ) Ascorbic Acid (  ) Liquinox 
TM 

(  ) Isopropanol (  ) Methane (  ) Carbon Monoxide

(  ) Sulfuric Acid (  ) Acetic Acid (  ) Acetone (  ) Pentane (  ) pH Standards

(  ) Sodium Hydroxide (  ) Other: (  ) Methanol (  ) Other: (  ) Hyrogen (  ) Conductivity Std

(  ) Mineral Spirits (  ) Propane (  ) Other:

Preservatives Decontamination Calibration

HAZARDOUS MATERIALS TO BE BROUGHT ONSITE
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HEALTH AND SAFETY PLAN SIGNATURE FORM

CDM SMITH Health and Safety Plan

SITE NAME/NUMBER: North Inductrial Corridor NIC

DIVISION/LOCATION: Wichita, Kansas

CERTIFICATION:

All site personnel must sign this form indicating receipt of the H&SP.  Keep this original on site.  It becomes part of the 

permanent project files.  Send a copy to the Health and Safety Manager (HSM).

PRINTED NAME SIGNATURE DATE

I understand, and agree to comply with, the provisions of the above referenced H&SP for work activities on this project.  I 

agree to report any injuries, illnesses or exposure incidents to the site Health and Safety Coordinator (SHSC).  I agree to 

inform the SHSC about any drugs (legal and illegal) that I take within three days of site work.

Page-11 Appx C_NIC Revised HASP 2012.xlsx 8/8/2014



HEALTH AND SAFETY PLAN FORM                     This document is for the exclusive CDM SMITH INC.

CDM Smith Health and Safety Program               use of CDM Smith and its subcontractors PROJECT DOCUMENT #: NIC

HOSPITAL ROUTE: 

Via Christi Regional Medical Center 929 N St Francis St, Wichita, KS 316-268-5000

Route to Hospital
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	Attchmt 3_Iron-Ferrous_Mdl_IR-18C.pdf
	• Iron, Ferrous, Test Kit
	• Trousse d’analyse fer ferreux
	• Eisen, 2wertig Test Kit
	• Kit de análisis para hierro ferroso
	Introduction
	Introduction
	Einleitung
	Introducción
	Measuring Hints and General Test Information
	Conseils pour les mesures et informations générales sur l’analyse
	Meßtips und allgemeine Testinformationen
	Consejos para la medición e información general sobre el análisis
	• Procedure • Technique • Verfahren • Procedimiento
	Remplir un tube colorimétrique jusqu’au premier trait (5 mL) avec l’échantillon d’eau. Ceci est l...
	Füllen Sie ein Prüfröhrchen bis zur ersten (5 mL) Linie mit Probenwasser. Dieses ist die Blindprobe.
	Llene un tubo para colorimetría hasta la primera marca (5 mL) con la muestra de agua. Esto consti...
	Placer ce tube dans l’ouverture supérieure gauche du comparateur.
	Stellen Sie dieses Röhrchen in die obere linke Öffnung des Farbkomparators.
	Coloque este tubo en la abertura superior izquierda del comparador.
	Remplir le tube de mesure jusqu’au trait 25 mL avec l’échantillon d’eau.
	Füllen Sie das Messröhrchen bis zur 25 mL Markierung mit dem Probenwasser.
	Llene el frasco medidor hasta la marca de 25 mL con el agua de la muestra.
	Ajouter le contenu d’une gélule de réactif du fer ferreux au tube de mesure.
	Geben Sie den Inhalt eines Eisen(II)-Reagenz- Pulverkissens in das Messröhrchen.
	Agregue el contenido de una cápsula del Reactivo para Hierro Ferroso al frasco medidor.
	Agiter pour mélanger. En présence de fer ferreux, une coloration orange se développe. Attendre le...
	Schwenken Sie zum Vermischen. Ist Eisen(II) vorhanden, entwickelt sich eine orange Färbung. Warte...
	Agite para mezclar. Se formará un color anaranjado en presencia de hierro ferroso. Deje pasar tre...
	Remplir un autre tube jusqu’au premier trait (5 mL) avec l’échantillon préparé.
	Füllen Sie ein weiteres Prüfröhrchen bis zur ersten (5 mL-) Linie mit der vorbereiteten Probe.
	Llene otro tubo para colorimetría hasta la marca de 5mL con la muestra preparada en los puntos 4 ...
	Placer le second tube dans l’ouverture supérieure droite du comparateur.
	Setzen Sie das zweite Röhrchen in die obere rechte Öffnung des Farbkomparators.
	Coloque el segundo tubo en la abertura superior derecha del comparador.
	Tenir le comparateur face à une surface uniformément éclairée (ciel, lampe, fenêtre) et regarder ...
	Halten Sie den Komparator gegen eine Lichtquelle wie zum Beispiel den Himmel, ein Fenster oder ei...
	Lleve el comparador hasta una fuente de luz, tal como el cielo, una ventana o una lámpara. Mire a...
	Tourner le disque jusqu’à égalité des teintes dans les deux ouvertures.
	Drehen Sie die Farbscheibe, bis die Farbe in den beiden Öffnungen übereinstimmt.
	Haga girar el disco de color hasta que el color coincida en ambas aberturas.
	Lire la concentration du fer ferreux en mg/L dans la fenêtre de l’échelle.
	Lesen Sie die mg/L Eisen(II) im Skalenfenster ab.
	Lea la concentración de hierro ferroso en mg/L en la ventanilla graduada.
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