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EXECUTIVE SUMMARY 

This report summarizes the information available on the occurrence and extent of volatile 

organic compound (VOC) contamination in groundwater samples taken at the Hanford Site and 

the field blanks associated with those groundwater samples.  This report is in partial fulfillment 

of the CH2M Hill Plateau Remediation Company’s (CHPRC) Condition Reporting and 

Resolution System (CRRS) item CR-2011-2778. 

The investigations detailed in this report consisted of two major activities: 

1. Electronic VOC data were examined from the Hanford Environmental Information 

System and Laboratory Quality Control tables for groundwater samples acquired 

between January 1, 2010, and August 22, 2011. 

2. Two worksite assessments were performed to observe field sampling and laboratory 

activities that affect the quality of VOC samples.  The laboratory assessment was 

performed at the Hanford Site Waste Sampling and Characterization Facility (WSCF) 

laboratory, and the field sampling assessment was performed with the Hanford Site Field 

Sampling Operations. 

The major results from these investigations are: 

1. Methylene chloride, and to a lesser extent carbon tetrachloride and chloroform, appear 

as VOC contaminants in the field blanks associated with groundwater samples; the 

source of this contamination is likely the deionized water used to generate the field 

blanks. 

2. The appearance of acetone, bromomethane, carbon disulfide, chloromethane, 

tetrachloroethene, and toluene in laboratory method blanks indicates that these VOC 

analytes may appear as spurious contaminants in groundwater samples introduced 

during laboratory sample preparation and analysis. 

3. The vendor for the 40-mL VOC sample vials used by both Field Sampling Operations 

and WSCF typically certifies the vials only to 0.5 µg/L for many of the groundwater 

project’s VOCs of interest.  This means that the presence of VOCs with detected 

concentrations less than 0.5 µg/L in groundwater samples and blanks may not be 

distinguishable from sample vial background levels. 

Opportunities for improvement are presented in this report that should help elucidate and 

eliminate future occurrences of VOC contamination throughout the field sampling and analytical 

process. 
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1 INTRODUCTION 

This report summarizes the information available on the occurrence and extent of volatile 

organic compound (VOC) contamination in groundwater samples taken at the Hanford Site and 

the field blanks associated with those groundwater samples.  This report is in partial fulfillment 

of the CH2M Hill Plateau Remediation Company’s (CHPRC) Condition Reporting and 

Resolution System (CRRS) item CR-2011-2778. 

1.1 Background 

The appearance of VOCs in Hanford Site groundwater samples from an operable unit can have 

several negative consequences: 

 Designation of the VOCs as contaminants of potential concern, 

 Requirements for additional sampling and analysis, 

 Requirements for additional expensive clean-up options. 

Because VOCs have unexpectedly been detected in certain groundwater samples and in field 

blanks and because of the resulting concerns, a corrective action was submitted to the CH2M 

Hill Plateau Remediation Company’s (CHPRC) Condition Reporting and Resolution System 

(CRRS) as CRRS item CR-2011-2778, Volatile Organic Compound Contamination in Field 

Samples and Blanks.  The CRRS item contains three actions: 

 Investigate the origin and extent of VOC contamination in groundwater field samples and 

field blanks, 

 If warranted, recommend procedural changes to minimize any such contamination, 

 Issue this report describing probable causes and extent of contamination issues. 

1.2 Methodology 

The sampling and analytical process incorporates various types of field and laboratory blanks to 

monitor for potential contamination throughout the process (see Section 2.1.1).  By examining 

the available data and the sampling and analysis process, we may gain a better understanding 

of the occurrence and extent of VOC contamination during the sampling and analysis process.  

This understanding will hopefully allow us to better control the sampling and analysis process to 

minimize VOC contamination and provide higher quality data.  To this end, the following 

approach was adopted: 

 Examine the electronic data available for VOCs in groundwater samples and field blanks 

contained in the Hanford Site Hanford Environmental Information System (HEIS) data base 

and the associated laboratory quality control data contained in the Hanford Site LABQC data 

base for possible trends indicating VOC contamination. 

 To assess the potential for VOC contamination of VOC field samples and blanks during the 

sampling and analysis process, two worksite assessments (WSA) were performed.  One 

assessment was performed at the Hanford Site Waste Sampling and Characterization 

Facility (WSCF) laboratory to observe the preparation of field samples and laboratory 

method blanks for volatile organic analysis (Appendix A).  The second assessment was 

performed with the Field Sampling Operations organization to observe the collection and 

handling of VOC field samples and field blanks (Appendix B). 
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 This report presents the results of the examination of the HEIS and LABQC data bases and 

the findings from the two WSAs. 

1.3 Possible Sources of VOC Contamination 

This section summarizes possible sources of VOCs that could potentially contaminate 

groundwater samples and associated field blanks.  Potential VOC contamination mechanisms 

include: 

 Contamination of the groundwater aquifer itself from external non-process sources, such as 

a leaking potable water line, 

 Incomplete removal of VOCs from the high-purity deionized water used to generate field and 

laboratory method blanks, 

 Carry-over of VOCs on non-dedicated sampling equipment (e.g. pumps) from one well 

sampling operation to the next, 

 Contamination from the VOC vials used to collect and analyzed VOC samples and blanks, 

 Contamination from the ambient air during field blank preparation, at the sampling site, or in 

the laboratory during sample preparation and analysis.  In particular, acetone and methylene 

chloride are solvents commonly used in laboratory analyses and are possible sources of 

contamination in the laboratory environment, 

 Carry-over of VOCs from one sample to the next during laboratory sample preparation due 

to contaminated pipets or glassware, 

 Instrument carry-over from one sample to the next during sample analysis. 

The 40-mL sample vials used to collect and analyze VOC samples may be one possible source 

of contamination for VOC samples.  At the Hanford Site, both Field Sampling Operations and 

the WSCF laboratory use VOC vials from EP Scientific (Miami, Oklahoma).  This vendor 

supplies certificates of analysis for each batch of vials.  Table 1 presents a typical certificate 

specification.  For many of the VOCs of interest to the Hanford Site, the stated quantitation limit 

is less than 0.5 µg/L.  This implies that VOCs detected at less than this level cannot necessarily 

be differentiated from possible sample vial contamination. 
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Table 1.  Typical Specification for EP Scientific 40-mL Septum-Cap VOC Vial1 

Compound 
Quantitation 
Limit (µg/L) 

Compound 
Quantitation 
Limit (µg/L) 

1,1,1-Trichloroethane < 0.5 Chloroethane < 0.5 

1,1,2,2-Tetrachloroethane < 0.5 Chloroform < 0.5 

1,1,2-Trichloro-1,2,2-Trifluoroethane < 0.5 Chloromethane < 0.5 

1,1,2-Trichloroethane < 0.5 cis-1,2-Dichloroethene < 0.5 

1,1-Dichloroethane < 0.5 cis-1,3-Dichloropropene < 0.5 

1,1-Dichloroethene < 0.5 Decamethylcyclopentasiloxane  < 5.0 

1,1-Dichloropropene < 0.5 Dibromochloromethane < 0.5 

1,2,3-Trichlorobenzene < 0.5 Dibromomethane < 0.5 

1,2,3-Trichloropropane < 0.5 Dichlorodifluoromethane (Freon-12) < 0.5 

1,2,4-Trichlorobenzene < 0.5 Dichloromethane < 0.5 

1,2,4-Trimethylbenzene < 0.5 Ethyl tert-butyl ether (ETBE) < 3.0 

1,2-Dibromo-3-chloropropane < 0.02 Ethylbenzene < 0.5 

1,2-Dibromoethane (EDB) < 0.01 Hexachlorobutadiene < 0.5 

1,2-Dichlorobenzene < 0.5 Iodomethane < 0.5 

1,2-Dichloroethane < 0.5 Isopropylbenzene < 0.5 

1,2-Dichloropropane < 0.5 m+p Xylenes < 0.5 

1,3,5-Trimethylbenzene < 0.5 Methyl tert-butyl ether (MTBE) < 0.5 

1,3-Dichlorobenzene < 0.5 Naphthalene < 0.5 

1,3-Dichloropropane < 0.5 n-Butylbenzene < 0.5 

1,4-Dichlorobenzene < 0.5 Nitrobenzene < 0.5 

2,2-Dichloropropane < 0.5 n-Propylbenzene < 0.5 

2-Butanone < 0.5 Octamethylcyclotetrasiloxane     < 5.0 

2-Chlorotoluene < 0.5 o-Xylene < 0.5 

2-Hexanone < 5.0 p-Isopropyltoluene < 0.5 

4-Chlorotoluene < 0.5 sec-Butylbenzene < 0.5 

4-Methyl-2-pentanone < 5.0 Styrene < 0.5 

Acetone < 5.0 Tert-Amyl methyl ether (TAME) < 3.0 

Acrylonitrile < 1.0 Tert-Butyl alcohol (TBA) < 2.0 

Benzene < 0.5 tert-Butylbenzene < 0.5 

Bromobenzene < 0.5 Tetrachloroethene < 0.5 

Bromochloromethane < 0.5 Toluene < 0.5 

Bromodichloromethane < 0.5 trans-1,2-Dichloroethene < 0.5 

Bromoform < 0.5 trans-1,3-Dichloropropene < 0.5 

Bromomethane < 0.5 Trichloroethene < 0.5 

Carbon Disulfide < 0.5 Trichlorofluoromethane < 0.5 

Carbon Tetrachloride < 0.5 Vinyl Acetate < 0.5 

Chlorobenzene < 0.5 Vinyl Chloride < 0.5 

Notes: 
1
 Vial lot number B 6045040 (EP Scientific 2011). 
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2 REVIEW OF VOC DATA FROM HEIS AND LABQC 

2.1 Background 

2.1.1 Types of Blanks 

The review of the VOC data in HEIS and LABQC primarily entailed an examination of the data 

available for the various types of field blanks acquired in association with VOC groundwater 

samples.  For field blanks, no VOCs should be detected above the analytical method’s method 

detection limit (MDL), so deviations from that ideal should indicate one or more possible sources 

of VOC contamination during field sampling and sample analysis. 

Three types of VOC field blanks are commonly acquired in association with VOC groundwater 

samples; not every type of field blank is acquired with each sampling event: 

Trips Blanks:  these include “Full Trip Blanks” (FTB), “Trip Blanks” (TB), and “Daily Trip Blanks” 

(DTB) depending on the project requesting the samples.  These trip blanks are prepared by 

filling a standard 40-milliliter (mL) VOC vial with high-purity deionized water and preservative 

(typically hydrochloric acid) prior to field sampling activities.  The prepared blanks accompany 

the samplers to the sampling site and are submitted to the analytical laboratory as routine 

samples along with the groundwater samples.  The purpose of these blanks is to monitor 

possible VOC contamination throughout the entire cycle of sample preparation, sample 

collection, sample transportation and sample analysis. 

Field Blanks:  these include “Field Transfer Blanks” (FXR) and “Field Blanks” (FB) again 

depending on the project requesting the samples.  These field blanks are prepared by taking a 

quantity of high-purity deionized water to the sample site and filling pre-preserved 40-mL VOC 

vials with the high-purity water at the sample site.  The purpose of these blanks is to monitor for 

potential VOC contamination specific to the sample collection process itself.  These blanks are 

also submitted to the analyzing laboratory for analysis along with their associated field samples. 

Equipment Blanks:  these blanks are collected from the rinsate of non-dedicated sampling 

equipment after the sampling equipment has been cleaned, but prior to the equipment being 

used for sampling in the field.  Again, equipment blanks are submitted for analysis to the 

analyzing laboratory along with their associated groundwater samples. 

When field blanks are submitted to the analyzing laboratory, no distinction is made to the 

laboratory between field blanks and actual groundwater samples.  This non-distinction prevents 

the lab from treating the field blanks differently from actual groundwater samples thus possibly 

biasing any contamination events that might occur during laboratory analysis of the samples.  

Data for these field blanks are uploaded from the analyzing laboratory into the HEIS data base. 

In addition to the field blanks, the analyzing laboratory generates its own laboratory method 

blank to monitor possible laboratory contamination of customer samples during the sample 

preparation and analysis process.  The laboratory method blank is prepared from the 

laboratory’s high-purity deionized water supply; this supply is separate from that used for the 

preparation of field blanks.  The method blank is then carried through sample preparation and 

analysis along with customer samples as part of the laboratory’s analytical QC process.  Data 

for these laboratory method blanks are uploaded from the analyzing laboratory into the LABQC 

data base. 
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2.1.2 Scope of the VOC Data 

The VOC data examined in this study were for groundwater samples acquired between 

January 1, 2010, and August 22, 2011 (the date this study started).  For this time period, VOC 

data from HEIS for all well and aquifer tube samples were examined.  The data set included 

VOC data from 2,738 samples of which 1,218 were field blanks of the types noted in 

Section 2.1.1.  For the field blank data, only those data that did not have a review flag of 

“suspect” (“Y-flagged”) were used. 

Four-hundred ninety-eight VOC laboratory method blanks were analyzed in conjunction with the 

field samples and field blanks; the data for these method blanks were pulled from the LABQC 

data base. 

Four laboratories contributed the VOC data examined in this report: 

 222-S Laboratory, Hanford Site, managed by Advanced Technologies and Laboratories 

International, Inc. (222-S) 

 Lionville Laboratory, Exton, Pennsylvania (LVL) 

 TestAmerica St. Louis, St. Louis, Missouri (TASL) 

 Waste Sampling and Characterization Facility, Hanford Site, managed by the Mission 

Support Alliance, LLC (WSCF) 

TASL and WSCF provided the majority of the VOC data examined in this report.  Of these four 

laboratories, only three, 222-S, TASL, and WSCF, electronically submit their laboratory QC data 

(including laboratory method blanks) to the LABQC data base.  Consequently, when 

comparisons of contamination were made between field blanks and laboratory method blanks, 

comparisons were made only for the 222-S, TASL, and WSCF data. 

2.1.3 Laboratory VOC Reporting Limits 

Each of the four laboratories generated VOC data using the U.S. Environmental Protection 

Agency’s (EPA) method 8260 (EPA 1999).  Method 8260 employs gas chromatography – mass 

spectrometry to determine VOCs in groundwater samples. 

Each laboratory also determined and reported its own reporting limits for the various VOC 

analytes; when a VOC concentration is less than the laboratory’s reporting limit for that analyte, 

the lab reports the value of the reporting limit and attaches a “U” flag to that value.  Table 2 

presents typical reporting limits from the various laboratories.  This information is required to 

understand some of the data presented later in this report.  For their reporting limits, 222-S, 

TASL, and WSCF report method detection limits (MDL).  These typically represent the level at 

which the presence of an analyte may be differentiated with a known certainty from background.  

LVL’s reporting limit is an estimated quantitation limit (EQL).  The EQL is typically defined as the 

concentration at which an analyte may be reliably quantitated and is usually defined as five 

times the MDL for the analyte.  The information in Table 2 indicates that the reporting limits for 

the various laboratories generally increase in the order of 222-S, TASL, WSCF, and LVL.  Also, 

in general, non-polar compounds (e.g. benzene, carbon tetrachloride) have lower reporting 

limits than polar compounds (e.g. 2-hexanone, acetone). 
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Table 2.  Comparison of Some Laboratory VOC Reporting Limits 

VOC 
222-S 
(MDL) 

LVL 
(EQL) 

TASL 
(MDL) 

WSCF 
(MDL) 

1,1-Dichloroethane 0.03 5 0.07 1 

1,1-Dichloroethene 0.19 5 0.05 1 

1,2-Dichloroethane --- 5 0.05 1 

1,2-Dichloroethene (Total) 0.08 5 0.13 1 

1,4-Dichlorobenzene 0.05 5 0.11 1 

2-Butanone 0.51 10 0.52 1 

2-Hexanone 0.505 10 0.22 1 

Acetone 0.64 10 0.34 1 

Benzene 0.02 5 0.045 1 

Bromodichloromethane 0.02 5 0.08 1 

Bromoform 0.03 5 0.094 1 

Bromomethane 0.23 10 0.08 1 

Carbon disulfide 0.02 5 0.05 1 

Carbon tetrachloride 1.92 5 0.06 1 

Chloroform 0.04 5 0.067 1 

Chloromethane 0.03 10 0.08 1 

cis-1,2-Dichloroethylene 0.06 5 0.083 1 

Dibromochloromethane 0.02 5 0.06 1 

Ethylbenzene 0.03 5 0.086 1 

Iodomethane --- 5 0.09 --- 

Methylene chloride 0.04 6 0.1 1 

Styrene 0.04 5 0.04 1 

Tetrachloroethene 0.06 5 0.065 1 

Toluene 0.06 5 0.06 1 

Trichloroethene 0.04 5 0.091 1 

Trichloromonofluoromethane --- 5 0.04 1 

Xylenes (total) 0.09 5 0.11 1 

Notes: 

222-S = 222-S laboratory EQL = estimated quantitation limit 

LVL = Lionville Laboratory MDL = method detection limit  

TASL = TestAmerica St. Louis laboratory VOC = volatile organic compound 

WSCF = Waste Sampling and Characterization Facility 
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2.1.4 Data Analysis Methodology 

To facilitate comparison of VOC detections between various VOCs analyzed by a given 

laboratory and for a given VOC analyzed by the various laboratories, the Percent Detection 

Rate (DR) was coined and used: 

analyzed samples VOC ofnumber  Total

VOCgiven for  detects ofNumber 
  100  DR  

 
The number of detects for a given VOC is the number of times the VOC is reported above a 

laboratory’s reporting limit.  This statistic normalizes the detection of VOCs and allows a better 

comparison of VOC detection rates across laboratories and sample types. 

2.2 Examination of VOC Data 

This section presents data for the number and concentrations of VOCs reported in groundwater 

samples, field blanks, and laboratory method blanks for the defined time period.  This 

information allows comparison of the VOC data obtained for the three data sets to determine 

any possible patterns in the data. 

2.2.1 VOCs in Groundwater Samples 

Figure 1 presents the detection rates for various VOCs in groundwater samples; the data in 

Figure 1 are sorted from the most frequently occurring VOC (chloroform) to the least.  Figure 2 

shows the concentration ranges observed for those VOCs; the data in Figure 2 are sorted in 

alphabetical order by VOC. 

Figure 1 shows that chloroform occurs most frequently in groundwater samples, followed by 

carbon tetrachloride and trichloroethene.  Figure 2 indicates that carbon tetrachloride is the 

VOC that occurs at the highest concentrations in groundwater samples. 

Figure 1.  VOC Detection Rates in Groundwater Samples 
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Figure 2.  Concentration Range of VOCs Detected in Well Water Samples 

 
 

2.2.2 VOCs in Field Blanks 

Figure 3 and Figure 4 present the detection rate and concentrations of VOCs found in all field 

blanks.  The X-axis scales are the same as those for Figure 1 and Figure 2 for easier 

comparison.  As expected, Figure 3 shows far fewer VOCs detected in the field blanks than in 

groundwater samples.   In contrast to Figure 1 for groundwater samples, Figure 3 shows that 

the most prevalent VOC detected in the field blanks is methylene chloride, not chloroform.  For 

groundwater samples, methylene chloride is only number eight in frequency of detection.  

Figure 4 indicates that the VOCs occurring at the highest concentration in field blanks are 

acetone and methylene chloride; in groundwater samples, carbon tetrachloride is the VOC 

occurring at the highest concentration. 
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Figure 3.  VOC Detection Rates in All Field Blanks 

 
 

Figure 4.  Concentration Range of VOCs Detected in All Field Blanks 
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In order to determine if VOCs tend to be distributed differently among the three field blank types 

(see Section 2.1.1), the detection rate for several commonly occurring VOCs in field blanks 

were compared by blank type.  Figure 5 shows this comparison.  The figure does not show any 

major differences among the three blank types except for methylene chloride.  For methylene 

chloride, trip blanks and field transfer blanks exhibit over twice the detection rate than that of 

equipment blanks.  This indicates that non-dedicated sampling equipment is not a major 

contributor to possible methylene chloride contamination in groundwater samples.  However, 

non-dedicated sampling equipment could still be the cause of contamination for the other VOCs. 

 

Figure 5.  VOC Detection Rate in Field Blanks by Blank Type 

 
 

2.2.3 VOCs in Laboratory Method Blanks 

Figure 6 and Figure 7 present the detection rates and concentrations of VOCs found in 

laboratory method blanks.  The X-axis scales are the same as those for Figure 1 and Figure 2 

for easier comparison.  Similar to Figure 3 for field blanks, Figure 6 shows that the most 

prevalent VOC detected in the laboratory blanks is methylene chloride.  For field blanks, 

Figure 3 shows that after methylene chloride, chloroform and carbon tetrachloride are the next 

most frequently observed VOCs.  In contrast, Figure 6 shows that after methylene chloride, 

toluene and acetone are the next most frequently observed VOCs in laboratory blanks.  Similar 

to Figure 4 for field blanks, Figure 7 indicates that the VOCs occurring at the highest 

concentration in laboratory method blanks are acetone and methylene chloride. 

 



SGW-52194, REV. 0 

11 
 

Figure 6.  VOC Detection Rates in Laboratory Method Blanks 

 
 
 

Figure 7.  Concentration Range of VOCs Detected in Laboratory Method Blanks 
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2.2.4 Comparison of VOCs in Field and Laboratory Method Blanks 

The field blank and laboratory method blank data presented in the previous two sections are 

further examined and compared in this section to determine if patterns indicative of blank 

contamination may be discerned.  For example, a VOC exhibiting a similar detection rate and 

concentration range both in field blanks and their associated laboratory method blanks may 

indicate laboratory contamination during sample preparation and analysis.  Further 

corroboration of laboratory contamination may be obtained by plotting the VOC concentrations 

of laboratory method blanks versus the associated field blanks to see if a correlation exists 

between the two. 

Figure 8 through Figure 13 compare the occurrence of VOCs in field blanks and laboratory 

method blanks by laboratory; the LVL laboratory is not included because its method blank data 

were not available in the LABQC data base.  When examining these figures, note that the 

numbers of VOCs detected and the concentration ranges for those VOCs are dependent upon 

the laboratories’ reporting limits.  Those laboratories, such as 222-S and TASL with lower 

reporting limits, will report more VOCs detected and at lower concentration ranges than will 

WSCF with its higher reporting limit. 

For the 222-S laboratory, Figure 8 and Figure 9 indicate that 2-hexanone, 2-propanol, acetone, 

benzene, methylene chloride, and toluene are all detected with similar detection rates (or even 

somewhat greater rates for the method blanks) and at similar concentration ranges between the 

field and method blanks.  These are likely indicative of laboratory contamination of field blanks 

for those analytes. 

Chloroform is detected in nearly all the field blanks analyzed at 222-S and at a much higher rate 

than reported for either TASL or WSCF.  This may reflect the lower reporting limit for 222-S 

compared to the other two laboratories and the small sample size (28 method blanks), although 

TASL has a nearly similar reporting limit.  While not reporting chloroform at the same detection 

rate as 222-S, TASL and WSCF both report similar chloroform concentrations in field blanks 

with much lower occurrences and concentrations in method blanks.  These results across all 

three labs may indicate chloroform contamination in the field blanks. 
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Figure 8.  VOC Detection Rates in Field and Method Blanks for 222-S 

 
 
 

Figure 9.  Concentration Range of VOCs Detected in Field and Method Blanks for 222-S 

 
 

 
For TASL, Figure 10 and Figure 11 indicate that acetone, bromomethane, carbon disulfide, 

chloroform, chloromethane, tetrachloroethene, toluene, and trichloroethene are all detected with 

similar detection rates and at similar concentration ranges between the field and method blanks.  

Again, these are likely indicative of laboratory contamination of field blanks for those analytes.  

Methylene chloride is reported at both a higher detection rate and at greater concentrations in 
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the field blanks compared to the laboratory method blanks; this is similar to what WSCF reports 

in Figure 12 and Figure 13.  The TASL and WSCF data contradict the methylene chloride data 

reported by 222-S where the detection rate and concentrations of methylene chloride in both 

field and method blanks were very low.  However, because the TASL and WSCF data sets were 

much larger than that for 222-S, the preponderance of the data indicates probable methylene 

chloride contamination of field blanks. 

 

Figure 10.  VOC Detection Rates in Field and Method Blanks for TASL 
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Figure 11.  Concentration Range of VOCs Detected in Field and Method Blanks for TASL 

 
 
Figure 12 and Figure 13 present the field and method blank data for WSCF.  The data 

presented in these figures are more sparse than those presented for 222-S and TASL because 

of WSCF’s greater reporting limits.  Of the available data, acetone again appears a likely 

candidate for possible laboratory contamination in both field and method blanks.  Unlike either 

222-S or TASL, WSCF reported significant carbon tetrachloride concentrations in the field 

blanks.  Similar to TASL, WSCF reported no carbon tetrachloride contamination in the 

laboratory method blanks.  The 222-S laboratory reported no carbon tetrachloride results for 

either field or method blanks.  These results are comparable to those for methylene chloride in 

that contradictory evidence exists for possible carbon tetrachloride contamination of field blanks 

during field operations. 
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Figure 12.  VOC Detection Rates in Field and Method Blanks for WSCF 

 
 

Figure 13.  Concentration Range of VOCs Detected in Field and Method Blanks for WSCF 

 
 
Figure 14 through Figure 22 are plots of the laboratory method blank results versus the field 

blanks that were analyzed within the same analytical batch as the method blank.  Note the 

following features of these plots: 

 Points that fall on a straight line parallel to the x-axis represent method blanks with results 

reported at the laboratory’s reporting limit (the VOC was not detected at greater than the 

reporting limit in these method blanks).  The data available for a given VOC from the three 
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laboratories (222-S, TASL, and WSCF) are all plotted on the same graph, so multiple 

parallel lines may appear on the graph with each line reflecting the reporting limit for the 

different laboratories. 

 Points that fall on a straight line parallel to the y-axis represent field blanks with results 

reported at the laboratory’s reporting limit. 

 Points that represent greater-than-reporting-limit concentrations for both the field blank and 

the method blank are strongly indicative of laboratory contamination during sample 

preparation or analysis because both the method blank and field blank were prepared and 

analyzed in the same analytical batch.  Figure 14 for acetone is a good example of this 

behavior. 

 Logarithmic and linear scales were used as necessary to appropriately scale the data for 

viewing; the graphs are not all plotted using the same scales. 

These observations are based on Figure 14 through Figure 22: 

 Acetone (Figure 14), bromomethane (Figure 15), chloromethane (Figure 18), and possibly 

tetrachloroethene (Figure 20) all exhibit behavior indicative of laboratory contamination 

during the sample preparation or analysis process. 

 Toluene (Figure 21) exhibits some features of acetone, bromomethane, and chloromethane, 

but not to the same extent.  However, Figure 21 shows two sets of orthogonal lines of points 

indicating that either the field blank or method blank had detectable concentrations of 

toluene, but not in the same batch.  This still indicates a probable laboratory blank 

contamination issue that appears to be intermittent in nature. 

 Methylene chloride (Figure 19) shows some evidence of laboratory contamination of both 

field blanks and method blanks.  Four points show similar high concentrations of methylene 

chloride in both the field blanks and method blank.  The scatter of data points between 

method blank concentrations of 0.1 and 1.0 µg/L may represent some low-level 

contamination of method blanks, but a majority of these points are for field blanks with 

methylene chloride concentrations much greater than those of their corresponding method 

blanks.  In general, these data indicate that although laboratory contamination of field blanks 

with methylene chloride does happen occasionally, this may not be a consistent laboratory 

problem.  Methylene chloride contamination of field blanks appears to be primarily a field 

issue, not a laboratory issue. 
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Figure 14.  Acetone Laboratory Method Blank vs. Field Blank 

 
 

Figure 15.  Bromomethane Laboratory Method Blank vs. Field Blank 
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Figure 16.  Carbon Tetrachloride Laboratory Method Blank vs. Field Blank 

 
 
 

Figure 17.  Chloroform Laboratory Method Blank vs. Field Blank 
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Figure 18.  Chloromethane Laboratory Method Blank vs. Field Blank 

 
 
 

Figure 19.  Methylene Chloride Laboratory Method Blank vs. Field Blank 
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Figure 20.  Tetrachloroethene Laboratory Method Blank vs. Field Blank 

 
 
 

Figure 21.  Toluene Laboratory Method Blank vs. Field Blank 
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Figure 22.  Trichloroethene Laboratory Method Blank vs. Field Blank 
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3 RESULTS OF WORKSITE ASSESSMENTS 

Two worksite assessments were performed to assess the potential for VOC contamination of 

VOC field samples and blanks during the sampling and analysis process,.  The first assessment 

was performed at the Hanford Site Waste Sampling and Characterization Facility (WSCF) 

laboratory to observe the preparation of field samples and laboratory method blanks for volatile 

organic analysis (Appendix A).  The second assessment was performed with the Field Sampling 

Operations organization to observe the collection and handling of VOC field samples and field 

blanks (Appendix B).  This section summarizes the results of the two WSAs. 

3.1 Waste Sampling and Characterization Facility Worksite Assessment 

This assessment was performed at the Hanford Site WSCF laboratory, building 6266, room N7, 

on January 10, 2012, with the WSCF analytical laboratory personnel who perform the SW-846 

8260 analysis of groundwater samples for VOCs.  Follow-up telephone interviews were 

performed on January 17 to clarify some of the observations generated during the January 10 

assessment.  Prior to performing the assessment, the assessors familiarized themselves with 

the WSCF 8260 procedure (MSA 2009); the assessment was performed as a “walk-through” of 

this procedure.  Of particular interest during the assessment was the treatment of customer 

samples during sample preparation and analysis and how the analysts generated and treated 

their laboratory method blanks. 

3.1.1 WSCF WSA:  Noteworthy Practices 

As a result of the assessment, a number of note-worthy practices were observed that minimize 

the likelihood of the VOC contamination of customer samples.  These noteworthy practices may 

in part explain the low occurrence of contamination in WSCF method blank observed in 

Figure 12 and Figure 13: 

 Low total-organic-carbon (TOC) water:  For preparing VOC QC samples, method blanks, 

and diluting customer samples if necessary, WSCF uses a low-TOC deionized water (DIW) 

treatment system located in 6266/N13.  Furthermore, prior to using the water, the analyst 

boils the DIW to remove any residual VOCs from the DIW.  The boiled water is stored in 

tightly capped 2-liter glass jugs reserved for the DIW until needed.  The boiled DIW is 

prepared on a weekly basis.  The DIW system has been used for about the last three years.  

Routine maintenance of the DIW system, such as filter cartridge replacement, is on the 

WSCF preventive maintenance schedule.  Prior to obtaining the N13 DIW system, the VOC 

analysts used the DIW system located in building 6268.  The analysts discovered “variable 

background” amounts of VOCs in the water from the 6268 system, particularly methylene 

chloride.  The analysts determined that boiling the water from the 6268 system helped 

reduce the VOC background, but did not eliminate it.  The 6268 DIW system is the same 

one that Field Sampling Operations use as their source of DIW for field blanks. 

 Low-VOC-contaminant organic reagents:  The VOC analysts use purge-and-trap grade 

methanol to make up VOC standards.  This grade of methanol is supposed to have a very 

low VOC contaminant background. 

 Low-VOC-contaminant glassware:  WSCF VOC analysts make up calibration standards and 

transfer aliquots of customer samples to analytical-grade 40-mL VOC septum-cap vials.  

The vendor certificate for these vials lists typical contamination levels for individual VOCs as 

less than 0.5 µg/L (see Table 1).  These are the same contaminant-level specifications for 

the 40-mL VOC septum-cap vials that the field sampling teams use. 
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 Gas-tight syringes for sample transfer:  VOC analysts typically transfer 5-mL aliquots from 

the customer field sample VOC vials to laboratory VOC vials using gas-tight syringes.  The 

syringe is fitted with a gas-tight valve on the syringe fitting, the syringe plunger is removed, 

and the sample is poured into the “back end” of the open syringe barrel allowing only a 

minimum of headspace in the syringe when the plunger is reinserted.  This allows an aliquot 

of sample to be transferred from the field sample vial to the analytical vial with a minimum of 

exposure to the lab atmosphere, and without “sucking” the sample into the syringe which 

would apply a vacuum to the sample thus possibly causing the loss of VOCs from the 

sample.  This has the disadvantage of opening the field sample to the laboratory 

atmosphere and potentially compromising the sample.  The VOC analysts recognize this is a 

problem; should the analyst suspect a dilution might be needed for the sample, enough 

sample is taken from the sample vial to allow for a dilution when the primary aliquot is taken. 

 No needles used:  The VOC analysts do not use a needle on the gas-tight syringe to pierce 

the field sample vial septum during transfer of samples from the field sample vial to the 

analytical vial.  This would require pulling a slight vacuum on the sample during the transfer 

(see previous bullet) and also creates a “sharps” issue with the needles.  Needles can be a 

potential puncture hazard, and their disposal as sharps requires a special disposal container 

and creates an additional solid waste stream. 

 New analytical instrumentation:  WSCF has recently implemented new autosamplers and 

purge-and-trap instrumentation with better heat control and rinsing systems to minimize 

VOC carry over from one sample to the next. 

 Analytical data are screened for VOC carry-over problems:  WSCF analysts review their 

VOC data to look for possible cases of VOC carry over from one sample to the next during 

the analysis process.  For example, if the analyst notes a sample high in carbon 

tetrachloride, the analyst will check the next sample for a carbon tetrachloride response.  If a 

small response is noted in the next sample, that sample will be re-run to ensure the 

response was not due to carry-over of carbon tetrachloride from the previous sample. 

3.1.2 WSCF WSA:  Opportunities for Improvement 

Three opportunities for improvement were generated as a result of the WSCF WSA: 

 Post 6266/N7 as “restricted access”:  Consider posting 6266/N7 as restricted access or 

limiting access only to VOC personnel during VOC sample preparation and analysis to 

prevent carry-over of VOC compounds, especially methylene chloride, on personnel clothing 

from semi-volatile organic analysis sample preparation areas.  Most WSCF personnel are 

informally aware of this restriction, but formally posting N7 would reinforce this necessity. 

 Control exhaust of GC-MS instrument vents:  Outfit the GC purge-and-trap vent and gas 

chromatograph and mass spectrometer vacuum pump vents with activated charcoal tubes 

to adsorb any VOCs that are otherwise vented to the room atmosphere.  While the amounts 

of VOCs exhausted by the sources are not great, the charcoal adsorption tubes will 

eliminate one more possible source of VOCs in the room atmosphere that can occur during 

sample analysis.  Replacement of the charcoal tubes, perhaps on a yearly basis, would 

need to be on a preventive maintenance schedule so that they remain effective in 

eliminating VOCs in the lab room atmosphere.  Alternatively, run tubing for the instrument 

vents to the nearest hood ventilation to prevent exhausting VOCs directly into the room 

atmosphere. 
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 Coordinate sample preparation between N7 and N11:  Consider coordinating VOC sample 

preparation in N7 with charcoal badge/sorbent tube sample preparation that occurs in 

laboratory N11:  if at all possible, try NOT to prepare VOC samples at the same time 

badge/sorbent tube sample preparation occurs in N11.  Rooms N7 and N11 are both tied 

into the same ventilation duct manifold.  It may be possible that VOC fumes from N11 could 

potentially infiltrate N7 when badge/sorbent tube samples are being prepared in N11. 

Of these three opportunities for improvement, WSCF administration accepted the first one and 

opened a corrective action item in the Mission Support Alliance LLC (MSA) corrective action 

tracking system to implement the recommendation.  WSCF technical personnel determined that 

the second two recommendations did not have sufficient technical merit.  The response for the 

second recommendation was that the analytical instrumentation did not produce sufficient 

amounts of VOC vapors to potentially contaminate customer samples during sample 

preparation in 6266/N7.  The response to the third recommendation was that because 

laboratory N11 is downstream from N7 on the ventilation manifold, the likelihood of VOC vapors 

moving upstream from N11 through the ventilation manifold to N7 is extremely small. 

3.1.3 WSCF WSA:  Conclusions 

The analysts at WSCF have put a reasonable amount of thought into minimizing the possibility 

of VOC contamination of customer samples and field blanks during the process of preparing 

and analyzing those samples for VOCs.  One practice in particular, the use of high-quality, low-

total-organic-carbon deionized water for method blanks and sample dilutions, could benefit 

groundwater field sampling operations.  The practice of opening the field sample VOC vials 

during sample preparation may contribute to possible contamination from the lab atmosphere.  

However, the lab views the use of needles to transfer samples through the vial septum as a 

safety issue and hence does not use this method to transfer samples.  Overall, WSCF appears 

to have minimized the likelihood that laboratory manipulation of field samples and blanks 

contributes to VOC contamination of those samples.  The VOCs occurring in field blanks and in 

groundwater appear unlikely to have originated from laboratory contamination at WSCF given 

the care that WSCF analysts take to minimize laboratory contamination. 

3.2 Field Sampling Operations Worksite Assessment 

This assessment was performed with Field Sampling Operations on January 26, 2012, with the 

field sampling personnel who perform groundwater sampling at the Hanford Site.  This 

assessment covered field blank preparation activities in building 6268, pre-sampling 

preparations in building 6269, and collection of groundwater samples at well 699-48-77D north 

of the 200W Area.  Prior to performing the assessment, the assessors familiarized themselves 

with the groundwater sampling procedure (CHPRC 2011).  Of particular interest during the 

assessment were the preparation of field blanks and the collection of the actual groundwater 

samples. 

3.2.1 Field Sampling Operations WSA:  Noteworthy Practices 

As a result of the assessment, a number of note-worthy practices were observed that minimize 

the likelihood of the VOC contamination of groundwater samples and field blanks: 

 Samplers are well-acquainted with their procedures:  While this assessment was not a 

formal audit, the sampling operators were able to cite from their procedures why they were 

performing certain tasks such as the order in which they prepare trip blanks and take field 

samples.  In general, the operators not only knew their work procedures, they also knew the 
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technical reasons underlying the steps they perform.  For example, the operators are aware 

that colognes and perfumes are a possible source of VOC contamination and they minimize 

the use of those products prior to field sampling.  These well-trained operators likely prevent 

a great number of sampling issues that might otherwise occur. 

 Low-VOC-contaminant glassware:  The sampling crews use analytical-grade 40-mL VOC 

septum-cap vials for VOC blanks and field samples.  The vendor certificate for these vials 

lists typical contamination levels for individual VOCs as less than 0.5 µg/L.  These are the 

same contaminant-level specifications for the 40-mL VOC septum-cap vials that the WSCF 

VOC analysts use. 

 Minimal use of organic solvents:  The sampling team does not use organic solvents during 

the sampling process.  Organic solvents such as methanol can be a VOC “trap” and 

potentially introduce VOCs into the sampling process if used to clean or rinse sampling 

equipment in the field.  The only time organic solvents are used in the sampling cycle is to 

rinse sample equipment with hexane during the sample equipment cleaning process in 

building 6268.  The cleaning process is usually applied to non-dedicated sampling 

equipment and equipment water rinsate blanks are acquired to monitor the cleanliness of 

equipment prior to collecting field samples. 

3.2.2 Field Sampling Operations WSA:  Opportunities for Improvement 

A number of opportunities for improvement were generated as a result of this WSA: 

 Deionized water (DIW) used for preparing VOC field blanks:  The DIW used to prepare VOC 

full trip blanks (FTB) and field transfer blanks (FXR) may be one of the most likely sources 

for chlorinated contaminants occasionally observed in those blanks.  The DIW used to 

generate these blanks is obtained from the DIW system located in building 6268.  The 

system consists of a mixed-ion-exchange bed for rough deionization of the water followed 

by polishing modules.  The actual water-dispensing spigot is equipped with a membrane 

filter that is kept capped between uses.  Before collecting the DIW, the operator runs the 

system in circulation mode until the resistance of the DIW is 18.2 megaohms.  For 

production of low-VOC water, water purification systems are usually equipped with a 

charcoal filter and ultra-violet unit to remove VOC contaminants in the supply water.  This 

assessment was not able to determine if those purification elements are incorporated into 

the 6268 DIW system.  During the recent WSCF WSA (Appendix A), WSCF VOC chemists 

remarked that at one time they obtained water for their method blanks from the 6268 DIW 

system and had found detectable and variable amounts of methylene chloride in the DIW.  

This led the WSCF chemists to begin boiling the DIW to remove traces of VOCs prior to 

using the water for VOC analyses.  The WSCF analysts no longer obtain their DIW from the 

6268 DIW system and instead use a low-total organic carbon (low-TOC) DIW system 

located in 6266.  These combined observations result in the following alternative 

recommendations: 

o Determine if the 6268 DIW system has charcoal and ultra-violet units to produce 

low-TOC water. 

o If the answer to bullet one is “no”, then consider purchasing and adding those 

units to the 6268 DIW system. 
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o Monitor the performance of the 6268 DIW system by submitting a set of six or so 

VOC samples freshly obtained from the 6268 system directly to the lab for 

immediate analysis. 

o For VOC field blanks only, consider obtaining and using low-TOC DIW from 6266 

for a period of time (e.g. one month) to see if that reduces the incidents of VOCs 

in field blanks. 

o Again, for VOC field blanks only, consider additional treatment of the 6268 DIW: 

(1) boil the DIW prior to using as blank water or (2) sparge the DIW with ultra-

high purity nitrogen for 1-2 hours to remove VOCs.  Treating the DIW would need 

to occur the day previous to field sampling, so the treated DIW would need to be 

kept in reserved, tightly capped glass containers until needed. 

 Sample bottles, jars, and vials are stored in 6269 high-bay area:  Sample trucks are parked 

in the high-bay area and it may be possible that gasoline and exhaust vapors could 

potentially contaminate the vials used for VOC sample collection.  We did notice vehicle 

exhaust odors while touring the high bay prior to going to the field.  While gasoline vapor 

and vehicle exhaust are not likely to contain the halogenated VOCs of most concern for this 

work-site assessment, two gasoline-range hydrocarbons, benzene and toluene, have been 

observed in groundwater samples and field blanks.  To avoid possible contamination of 

VOC sample vials from fuel and exhaust vapors, we recommend storing at least the VOC 

sample vials in a secure area away from the high bay where vehicles are operated. 

 Position of sample truck during sampling operations:  During the sampling evolution of well 

699-48-77D, we noticed the sampling truck was parked such that exhaust fumes from the 

truck’s gasoline-powered generator could be smelled in the vicinity of the well head.  The 

sampling procedure (CHPRC 2011) states that if possible the sampling truck should be 

parked at the well head at right angles to the prevailing wind.  Wind direction may not 

always be immediately apparent upon arrival at a well site.  A clear visual reference for wind 

direction, such as a wind flag, would assist the operators to clearly determine wind direction 

prior to beginning sampling operations, and if necessary re-park the sampling truck so that 

generator fumes are not upwind of the well head. 

 Rinsing the sample nipple prior to sampling:  Prior to collecting the first well-water sample, 

the operator rinsed the sample nipple by wetting the gloved fingers with well water, then 

wiping the sample nipple with the wetted gloved fingers.  This allows the sample nipple to 

contact the nitrile plastic glove and provides a possible path for introducing organic 

contaminants from the nitrile gloves into the sampling process.  While the likelihood is small 

that this practice will introduce measureable VOC contamination, a better practice may be to 

collect some well water in a small glass beaker or vial, then either submerge the sample 

nipple in the collected water, or pour the collected water over the sample nipple.  This way, 

the sample nipple does not contact any potential organics from the glove material. 

 Oil misting from the HydroStarTM Pump:  The well pump for this particular sampling evolution 

was a pneumatically operated HydroStarTM pump.  One operator noted to us prior to going to 

the field that these pumps suffer from oil misting from the pneumatic pump head during 

operation.  We did indeed observe this oil/moisture misting during the sample evolution at 

well 699-48-66D.  Again, the oil in the mist is not likely to contribute to halogenated VOCs, 

but the mist is still likely to contribute to the presence of VOCs in the vicinity of the pump 
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head.  One way to counteract this would be to better condition the compressed air with a 

dehumidifier and charcoal and/or molecular sieve traps. 

 Use of “SharpieTM” pens during the sampling evolution:  “SharpieTM” pens are used to label 

non-VOC sample bottles during the sampling evolution.  These pens are useful for writing 

on difficult surfaces and the ink dries rapidly to prevent smearing.  However, these pens are 

also a known source of VOCs.  While the operators do not use SharpiesTM to label VOC 

samples, the pens may still contribute to a background VOC level in the vicinity of sampling 

operations.  We recommend that the sampling teams adopt a high-quality ballpoint pen 

capable of writing on difficult surfaces and dispense with using SharpiesTM anywhere during 

sample preparation or sampling operations. 

3.2.3 Field Sampling Operations WSA:  Conclusions 

Based on this worksite assessment, the most likely source of extraneous halogenated VOCs 

observed in VOC blanks is the DIW supply used to generate the blanks; several suggestions 

are given in Section 3.2.2 for minimizing VOC contamination from the DIW source.  A second 

possible source is the VOC vial used for collecting the VOC blanks and field samples.  While the 

vial vendor’s specifications indicate that these vials contribute less than 0.5 µg/L contamination 

for most VOCs, the low detection limits for VOCs provided by some of the performing 

laboratories are about 0.1 µg/L.  Should the vials indeed contribute VOC contamination between 

0.1 and 0.5 µg/L, this contamination could be detected.  Certifying VOC vials for VOC 

contamination less than 0.1 µg/L may not be practical or cost effective. 
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4 CONCLUSIONS 

Table 3 summarizes the data presented in Section 1 of this report. 

Table 3.  Comparison of VOC Detection Rates for Groundwater Samples, Field Blanks, and Laboratory 
Method Blanks 

VOC Groundwater DR (%) Field Blank DR (%) Method Blank DR (%) 

VOC present in groundwater; field blank contamination possibly from chloroform and 
carbon tetrachloride from DIW used for field blanks: 

Carbon tetrachloride 31.0% 6.7% <1.0% 

Chloroform 40.9% 7.8% 0.6% 

Trichloroethene 25.9% 0.5% 1.8% 

Probable laboratory contamination as indicated by laboratory method blank: 

Acetone 3.4% 4.7% 5.4% 

Bromomethane 5.2% 1.6% 5.2% 

Carbon disulfide 1.1% 1.1% 2.0% 

Chloromethane 4.7% 2.3% 4.0% 

Tetrachloroethene 3.9% 0.9% 1.2% 

Toluene 4.5% 3.9% 5.6% 

Probable contamination from DIW used for field blanks; probably some laboratory 
contamination: 

Methylene chloride 3.7% 46.6% 10.6% 

 Notes: 

DR = detection rate (see Section 2.1.4) 

VOC = volatile organic compound 

 
The data in Table 3 show three distinct patterns for the occurrence of VOCs in groundwater 

samples, field blanks, and laboratory method blanks: 

 The first pattern is the frequent appearance of VOCs, such as carbon tetrachloride, 

chloroform, and trichloroethene, in groundwater samples and occasionally in field blanks.  

The occurrence of these VOCs in groundwater generally reflects actual contamination in the 

groundwater aquifer.  Because these VOCs also appear in the three types of field blanks at 

similar detection rates, their appearance may reflect contamination of field blanks from the 

DIW used for blank make up. 

 The second pattern is the occurrence of VOCs in groundwater samples and laboratory 

method blanks at similar detection rates.  VOCs in this category include acetone, 

bromomethane, carbon disulfide, chloromethane, tetrachloroethene, and toluene.  The 
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appearance of these VOCs in groundwater samples likely reflects laboratory contamination 

during the sample preparation and analysis process. 

 The third pattern, exhibited by methylene chloride, is a high detection rate of the VOC in 

field blanks with much lower detection rates in groundwater samples and laboratory method 

blanks.  This likely reflects contamination of the DIW used to generate field blanks. 

As a result of the investigations presented in this report, the following conclusions are offered: 

 The appearance of carbon tetrachloride, chloroform, and trichloroethene in Hanford Site 

groundwater is real and not a consequence of field or lab blank contamination.  This 

certainly is not surprising considering that these VOCs have known source terms and 

contaminant plumes at the Hanford Site. 

 The appearance of methylene chloride, and to a lesser extent carbon tetrachloride and 

chloroform, in field blanks likely reflect contamination of the DIW source used to generate 

the field blanks.  For the most part, the detection rate for VOCs in field blanks does not 

appear to depend on the field blank type although equipment blanks appear to suffer a 

smaller rate of methylene chloride contamination than either trip blanks or field transfer 

blanks. 

 The vendor for the 40-mL VOC sample vials used by both Field Sampling Operations and 

WSCF typically certifies the vials only to 0.5 µg/L for many of the groundwater project’s 

VOCs of interest.  This means that the presence of VOCs with detected concentrations less 

than 0.5 µg/L in groundwater samples and blanks may not be distinguishable from sample 

vial background levels. 

 Follow-up on the opportunities for improvement listed in Sections 3.1.2 and 3.1.3 should 

help elucidate and eliminate future occurrences of VOC contamination throughout the field 

sampling and analytical process. 

 



SGW-52194, REV. 0 

31 
 

5 REFERENCES 

CHPRC, 2011, GRP-FS-04-G-067, Collection of Groundwater Samples from Monitoring Wells 
and Aquifer Tubes, CHPRC operations procedure, 2011, CH2M Hill Plateau 
Remediation Company, Richland, Washington. 

 
EP Scientific, 2011, http://www.epscientific.com/tech/organics.aspx, Miami, Oklahoma, queried 

November 14, 2011. 
 
EPA, 1999, SW-846, Test Methods for Evaluating Solid Waste: Physical/Chemical Methods, 

Third Edition; Final Update III-A, 1999, Office of Solid Waste and Emergency Response, 
U.S. Environmental Protection Agency, Washington, D.C.. 

 
MSA, 2009, LA-523-455, Volatile Organic Compounds by Gas Chromatography/Mass 

Spectrometry (GC/MS), Waste Sampling and Characterization Facility laboratory 
analytical procedure, June 22, 2009, Mission Support Alliance, LLC, Richland, 
Washington. 

 

 

  



SGW-52194, REV. 0 

32 
 

 

This page intentionally left blank. 
 

 

 



SGW-52194, REV. 0 

33 

 

Appendix A 

Worksite Assessment SGRP-2012-WSA-11700 

Volatile Organic Compound Analysis at the Waste Sampling and 
Characterization Facility 

 

 
The trademark “Milli-Q, RiOs” Millipore Corporation, Billerica, 

Massachusetts is used throughout this appendix. 
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Appendix B 

Worksite Assessment SGRP-2012-WSA-11701 

Blank Preparation and Sample Handling of Volatile Organic 
Compound Samples During Field Sampling Operations 

 
 
Correction:  Under Personnel Contacted, K. E. Hamilton was contacted, not K. C. Patterson. 
 
 

The trademark “Milli-Q, RiOs” Millipore Corporation, Billerica, 
Massachusetts is used throughout this appendix. 
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