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1.0 INTRODUCTION 
1.0.0.1 The purpose of this technical memorandum is to discuss the results of the arsenic 
speciation study for the Spring Valley investigation.  This sampling was performed in support of 
the Operable Unit 4 (OU-4) and 5 (OU-5) Remedial Investigation/Feasibility Study (RI/FS).  The 
objective of this limited study was to determine if there were differences between site-specific 
soils and background soils in terms of arsenic speciation (trivalent vs. pentavalent arsenic and 
organic vs. inorganic arsenic compounds).  Differences in arsenic species could be attributed to 
anthropogenic (resulting from influences of human beings) sources of arsenic.  It has been shown 
that natural processes can also change the oxidation states of arsenic regardless of the original 
source (Oremland and Stolz, May 2003).  Anthropogenic sources of arsenic may be associated 
with AUES activities, but could also be associated with the use of pressure-treated lumber, 
pesticides, herbicides, coal, or fertilizer. 

2.0 BACKGROUND 
2.0.0.1 In August and September 1999, the United States Environmental Protection Agency 
(USEPA) collected background soil samples in support of Spring Valley OU-3 investigations 
(Background Trip Report, USEPA, January 2000).  These samples covered four distinct soil 
associations or types present in Spring Valley.

2.0.0.2 As an extension of the OU-3 investigations, remedial investigations addressing 
geographically larger areas of Spring Valley were undertaken as OU-4 and OU-5.  As part of this 
investigation, grid soil sampling was performed by Parsons throughout Spring Valley.  The 
sampling was performed to determine the extent and concentrations of arsenic (As) in surface 
soils in Spring Valley.  All sampling was performed in accordance with the Work Management 
Plan (WMP) for OU-4 (Parsons ES, August 14, 2000 and Amendment 3 to the WMP, October 1, 
2002).

2.0.0.3 Analysis of the toxic effects of arsenic is complicated by the fact that arsenic can exist 
as different forms in the environment.  Arsenic can exist as inorganic or organic compounds, as 
well as several different electronic valence states.  According to the September 2000 ATSDR 
Toxicological Profile for Arsenic (Update), a number of studies have indicated that among the 
inorganic arsenic compounds, the trivalent arsenites (As+3) are somewhat more toxic than the 
pentavalent arsenates (As+5).   In addition, organic arsenicals are usually viewed as being less 
toxic than the inorganic arsenic compounds.  Therefore, an investigation was undertaken to 
determine the amount of organic vs. inorganic arsenic, as well as the valence state of the 
inorganic arsenic found at the Spring Valley site, in order to gain additional information about 
the potential risk associated with exposure to the arsenic contaminated soil.   

2.0.0.4 Based on the results of the grid sampling, grids with relatively high arsenic 
concentrations, distributed throughout Spring Valley, were sampled for speciation.  Additionally, 
six background samples representing the four soil types were collected from the same locations 
the USEPA sampled; these were also analyzed for arsenic speciation.  These background 
samples were collected to ensure that the site sample soil types were represented for the purposes 
of comparing site data and background data.  However, only three of the four soil types were 
present in the sampled site soils. 
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3.0 SAMPLE COLLECTION 
3.0.0.1 On November 21, 2002, fifteen (15) samples were collected, including twelve (12) soil 
samples, one (1) field duplicate sample, and a matrix spike/matrix spike duplicate (MS/MSD) 
pair.  See Table 1.  Figure 1 indicates the speciation sampling locations.  Figure 2 indicates the 
background sampling locations.  These figures are presented at the end of the report. 

3.0.0.2 All samples were collected as discrete surface soil samples, from 0-6 inches in depth.  
The soil types are also indicated on Table 1. 

3.0.0.3 Samples were sent to the Battelle Marine Science Laboratories of Sequim, Washington, 
for arsenic speciation testing.  Battelle Marine Science Laboratories conducted the arsenic 
speciation tests in accordance with the guidelines of Method 1632, Chemical Speciation of 
Arsenic in Water and Tissue by Hydride Generation Quartz Furnace Atomic Absorption 
Spectrometry, Revision A (USEPA, 2001).  The method is for determination of inorganic arsenic 
(IA), arsenite (As+3), arsenate (As+5), monomethylarsonic acid (MMA), and dimethylarsinic 
acid (DMA).  Appendix A contains the method Standard Operating Procedure (SOP).

4.0 DATA VERIFICATION SUMMARY REPORT 
4.0.0.1 This section describes the data verification performed by Parsons for the arsenic 
speciation soil sampling. 

4.0.0.2 The following data verification summary report covers environmental soil samples and 
associated field quality control (QC) samples collected from Spring Valley OU-4 and OU-5 on 
November 21, 2002.  The samples were analyzed by Battelle Marine Sciences Laboratories for 
IA, As+3, As+5, MMA, and DMA.  MMA and DMA are the organic arsenic compounds.  
Battelle Marine Sciences Laboratories followed the procedures outlined in Method 1632 to 
perform all analyses.   

4.0.0.3 Field QC samples collected were a field duplicate sample, a matrix spike sample and a 
matrix spike duplicate sample.  The field QC samples were analyzed for the same parameters as 
their associated samples. 

4.0.0.4. All samples were collected by Parsons following the procedures outlined in the WMP 
(Parsons ES, August 14, 2000 and Amendment 3 to the WMP, October 1, 2002). 

4.1 Evaluation Criteria 
4.1.0.1 The data submitted by the laboratory has been reviewed and validated following the 
guidelines outlined in the USACE “Shell for Analytical Chemistry Requirements,” EM 200-1-3 
Appendix I (February 2001). The data was also examined for compliance to the methodology 
presented in Method 1632.  Information reviewed in the data package included sample results, 
method blank (MB), standard reference material (SRM), laboratory quality control results and 
chain-of-custody forms.  The analyses and findings presented in this report are based on the 
reviewed information and whether the guidelines in the USACE Shell and SW-846 were met.  
All sample results and laboratory reporting limits have been adjusted for percent moisture.   
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4.2 Arsenic Speciation 

4.2.0 General 
4.2.0.1 This data group consisted of fifteen (15) samples, including twelve (12) soil samples, 
one (1) field duplicate sample and a pair of MS and MSD samples.  Battelle Marine Sciences 
Laboratories received the samples on November 22, 2002. 

4.2.0.2 The arsenic analyses were performed using the guidelines in Method 1632, Chemical 
Speciation of Arsenic in Water and Tissue by Hydride Generation Quartz Furnace Atomic 
Absorption Spectrometry, Revision A (USEPA, 2000).  Battelle Marine Sciences Laboratories 
reported the results for total arsenic, As+3, As+5, MMA and DMA with “U” qualifiers for 
concentrations that were not detected at the method detection limit and “J” qualifiers for 
concentrations below the method detection limit and above the critical value.  Battelle defined 
“Method Detection Limit” based on tissue method detection limits in Method 1632, since this 
method does not provide soil/sediment method detection limits. 

4.2.1 Accuracy  
4.2.1.1 Accuracy was evaluated using the percent recovery (%R) results for the blank spike 
(BS) sample, standard reference material (SRM) and the MS/MSD samples.  Soil sample OU4-
BS-ULB (GP) was used as the MS/MSD sample in this data group. 

��All BS %Rs were within acceptance criteria as specified by the method. 

��The SRM %R was within 5% of the theoretical amount for inorganic arsenic. 

��The MS/MSD %Rs were within acceptance criteria as specified by the method. 

4.2.2 Precision  

4.2.2.1 Precision was evaluated using the Relative Percent Difference (RPD) results obtained 
from the field duplicate sample results, the MS/MSD results and the laboratory duplicate 
samples.  Sample OU4-BS-ULB (GP) was used as the MS/MSD sample in this data group.  
Sample OU4-3709CP-DUP was collected and analyzed as the field duplicate of sample OU4-
3709CP-(40,60).  The laboratory randomly selected OU4-3709CP-DUP as the laboratory 
duplicate sample. 

��The MS/MSD %RPD was within acceptance criteria as specified by the method. 

4.2.2.2 There are no criteria specified by the method or USACE Shell document for field 
duplicate % RPD; therefore an internal limit of 70% for soils was applied.  The field duplicate 
RPD was within 70% for all arsenic compounds. 

4.2.2.3 There are no criteria specified by the method or USACE Shell document for MS/MSD 
% RPD; therefore an internal limit of 70% for soils was applied.  The MS/MSD RPD was within 
70% for all arsenic compounds. 

4.2.2.4 There are no criteria specified by the method or USACE Shell for laboratory duplicate 
% RPD; therefore an internal limit of 70% for soils was applied.  The laboratory duplicate RPD 
was within 70% for all arsenic compounds. 
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4.2.3 Completeness 
4.2.3.1 Completeness has been evaluated by comparing the total number of samples collected 
with the total number of samples with valid analytical data.  All results were considered usable.  
The completeness for this SDG is therefore 100% compared to the minimum acceptance limit of 
90%.

4.2.4 Representativeness 
4.2.4.1 Representativeness expresses the degree to which sample data accurately and precisely 
represents actual site conditions.  Representativeness has been evaluated by: 

�� Actual analytical procedures were the same as those described in Method 1632;  
�� All samples were analyzed within appropriate hold time;   
�� All initial calibration criteria were met; 
�� All initial and continuing calibration verification criteria were met, except for the 

following:  MMA was slightly below the acceptance criteria for the continuing 
calibration verification as specified in the method.  The recovery for MMA in the first 
CCV was 79% with a tolerance of 80-120%.  No corrective action was deemed necessary 
since the recovery was only slightly below method criteria.  All other CCVs for all 
arsenic compounds were within method specified limits;  

�� All second source verification criteria were met. 
4.2.4.2 There was one method blank associated with the arsenic analyses in this data group.  
The method blank was free of any arsenic compounds above the method detection limit.  As+3

and As+5 were found in the method blank at concentrations between zero and the method 
detection limit.  

5.0 RESULTS AND UNCERTAINTY DISCUSSION 
5.0.0.1 Of the 15 samples (including QA/QC) analyzed for arsenic speciation by Battelle 
Marine Sciences Laboratories, all of the samples had detectable concentrations of total arsenic 
and As+5, and 14 of the 15 samples had detectable concentration of As+3.  Of the 15 samples 
collected, 7 were considered background samples (including the MS/MSD sample) and 7 were 
collected as part of the study [including a duplicate sample of OU4-3709CP-(40,60)].  Battelle 
randomly selected an internal duplicate of OU4-3709CP-DUP to make a total of 15 samples 
analyzed (Table 2).   
5.0.0.2 Uncertainties in this study are associated with the limited number of site samples 
collected, the historical knowledge of the specific types of arsenic compounds used at the AUES, 
and the effects that more than 80 years of weathering may have on the interpretation of the 
findings.  Finally, there are uncertainties associated with the non-routine method that needed to 
be used to speciate arsenic.  For example, to determine the arsenic species, a mild leaching 
condition was used by the laboratory, so that the valence state of the arsenic is not altered during 
the process.  The leaching conditions used are not able to dissolve some arsenic compounds, and 
as a result, only a portion of the total arsenic is quantified in the speciation samples.  Therefore, 
not all of the arsenic present in the total arsenic analysis can be accounted for in the As+5 and 
As+3 results.   
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5.0.0.3 The reason for attempting to quantify the different forms of arsenic at the site was to 
determine if the species can be determined to be site-related or the result of releases that are not 
related to AUES activities.  Differences in the pattern of background arsenic compared to the 
site-related samples could indicate the source of the arsenic (i.e., naturally occurring vs. 
anthropogenic).  If the species are site-related, then it may be possible to make some conclusions 
regarding the relative risk associated with site-related contamination compared to the risk 
associated with exposure to naturally occurring arsenic.

5.0.0.4 To obtain a general comparison of the background samples to the site samples collected 
for the study, the means of the Total As for background samples and site samples [not including 
the duplicates for OU4-3709CP-(40,60)] were calculated (Table 3).  Since the small sample size 
makes it difficult to determine if the distribution is normal, a non-parametric test was used to 
compare the medians rather than the means.  To determine if the medians were different, a 
Mann-Whitney test was performed.  This test allows generalized differences between the 
background samples and the site samples to be determined for Total As, but does not allow 
specific areas of contamination to be identified.  The results of Mann-Whitney test (Table 4) 
indicated that there was a significant difference between the median of the background samples 
and the site samples.   

Table 3. Mean Arsenic Concentrations (mg/kg) 

Background Samples Site Samples 

Total Arsenic 3.44 ± 1.85 73.6 ± 105.9 

As+3 0.0058 ± 0.0023 0.18 ± 0.23 

As+3/Total Arsenic 0.0076 ± 0.0154 0.0028 ± 0.0009 

As+5 0.22 ± 0.11 13.5 ± 19.8 

As+5/Total Arsenic 0.064 ± 0.022 0.17 ± 0.03 

5.0.0.5 To verify that these differences were also present for the As+5 species, the ratio of the 
As+5 to the Total As was calculated for each sample.  Then the median of the ratios (As+5/Total
As) of all background samples and the median of the ratios (As+5/Total As) for all site samples 
was calculated.  The Mann-Whitney test was used and it was determined that there was a 
significant difference between the two data sets. 

5.0.0.6 A ratio can be calculated in a similar manner for the As+3/Total As.  Therefore, the ratio 
of the As+3 to the Total As was calculated for each sample.  Then the median of the ratios 
(As+3/Total As) of all background samples and the median of the ratios (As+3/Total As) for all 
site samples was calculated.  The Mann-Whitney test was used, and it was determined that there 
was not a significant difference between the two data sets.  

5.0.0.7 In addition, all samples were analyzed for the organic arsenic compounds MMA and 
DMA.  According to the ATSDR Toxicological Profile for Arsenic (September 2000 Update), 
organic arsenic compounds can be naturally occurring, or their presence might indicate an 
anthropogenic source.  However, these organic compounds were not detected above detection 
limits in any of the samples.   
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6.0 CONCLUSIONS 
6.0.0.1 Concentrations of Total Arsenic, As+5, and As+3, appear elevated in the site samples 
when compared to background samples.  Also, the ratio of As+5/Total As was significantly 
higher in the site samples.  While there is no indication that anthropogenic activities would 
specifically contribute one species of arsenic over another, naturally occurring arsenic would 
likely have the same profile of arsenic species.  This profile is indicated by the ratios of the 
arsenic species to total arsenic.  Differences in the ratios of As+5/Total As between site samples 
and background samples is a possible indicator of potential anthropogenic sources of arsenic 
contamination.  In addition, none of the organic arsenic compounds analyzed were detected in 
either site or background samples. 

6.0.0.2 The findings of this report indicate that, due to the significant difference in the 
As+5/Total As ratios, the arsenic observed in the site samples may be from a different source than 
the arsenic in the background samples.  Based solely on this report, the source of the As+3 and 
As+5 in the site samples cannot be determined.  While the findings show that there may be an 
anthropogenic source of arsenic at the site, because of the uncertainties associated with the types 
of arsenic originally used at the site and the effects that more than 80 years of weathering may 
have, the findings cannot clearly indicate what that source may be.  The anthropogenic source of 
arsenic may be associated with AUES, but it could also be associated with the use of pressure-
treated lumber, pesticides, herbicides, coal, or fertilizer. 

6.0.0.3 Because of the limitations of the study, the arsenic speciation findings were not relied 
upon to make Spring Valley project decisions.  Neither the 12.6 ppm arsenic screening level nor 
the 20 ppm arsenic remediation endpoint was based on the results of this study. 
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APPENDIX A: METHOD STANDARD OPERATING PROCEDURE 
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Introduction

This analytical method supports water quality monitoring programs authorized under the Clean Water Act
(CWA, the "Act").  CWA Section 304(a) requires EPA to publish water quality criteria that reflect the
latest scientific knowledge concerning the physical fate (e.g., concentration and dispersal) of pollutants, the
effects of pollutants on ecological and human health, and the effect of pollutants on biological community
diversity, productivity, and stability.

CWA Section 303 requires each State to set a water quality standard for each body of water within its
boundaries.  A State water quality standard consists of a designated use or uses of a water body or a
segment of a water body, the water quality criteria that are necessary to protect the designated use or uses,
and an anti-degradation policy.  These water quality standards serve two purposes:  (1) they establish the
water quality goals for a specific water body, and (2) they are the basis for establishing water quality-based
treatment controls and strategies beyond the technology-based controls required by CWA Sections 301(b)
and 306.

In defining water quality standards, a State may use narrative criteria, numeric criteria, or both.  However,
the 1987 amendments to CWA required States to adopt numeric criteria for toxic pollutants (designated in
Section 307(a) of the Act) based on EPA Section 304(a) criteria or other scientific data, when the discharge
or presence of those toxic pollutants could reasonably be expected to interfere with designated uses.

In some cases, these water quality criteria (WQC) are as much as 280 times lower than levels measurable
using approved EPA methods and required to support technology-based permits.  EPA developed new
sampling and analysis methods to specifically address State needs for measuring toxic metals at WQC
levels, when such measurements are necessary to protect designated uses in State water quality standards. 
The latest criteria published by EPA are those listed in the National Toxics Rule (58 FR 60848) and the
Stay of Federal Water Quality Criteria for Metals (60 FR 22228).  These rules include WQC for 13
metals, and it is these criteria on which the new sampling and analysis methods are based.  Method 1632
was specifically developed to provide reliable measurements of inorganic arsenic at EPA WQC levels using
hydride generation quartz furnace atomic absorption techniques.  It has since been modified to include
determination of arsenic species.

In developing methods for determination of trace metals, EPA found that one of the greatest difficulties was
precluding sample contamination during collection, transport, and analysis.  The degree of difficulty,
however, is highly dependent on the metal and site-specific conditions.  This method is designed to preclude
contamination in nearly all situations.  It also contains procedures necessary to produce reliable results at
the lowest WQC levels published by EPA.  In recognition of the variety of situations to which this Method
may be applied, and in recognition of continuing technological advances, Method 1632 is performance
based.  Alternative procedures may be used so long as those procedures are demonstrated to yield reliable
results.

Requests for additional copies of this publication should be directed to:
U.S. EPA NCEPI
P.O. Box 42419

Cincinnati, OH  45242
1-800-490-9198
Fax: (513) 489-8695
http://www.epa.gov/ncepihom/
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Note:  This Method is performance based.  The laboratory is permitted to omit any step or modify
any procedure provided that all performance requirements in this Method are met.  The laboratory
may not omit any quality control tests.  The terms “shall,” “must,” and “may not” define
procedures required for producing reliable data at water quality criteria levels.  The terms “should”
and “may” indicate optional steps that may be modified or omitted if the laboratory can
demonstrate that the modified method produces results equivalent or superior to results produced by
this Method.
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Method 1632

Chemical Speciation of Arsenic in Water and Tissue by Hydride Generation
Quartz Furnace Atomic Absorption Spectrometry

1.0 Scope and Application

1.1 This method is for determination of inorganic arsenic (IA), arsenite (As+3), arsenate (As+5),
monomethylarsonic acid (MMA), and dimethylarsinic acid (DMA) in filtered and unfiltered water and
in tissue by hydride generation and quartz furnace atomic absorption detection.  The method is for use
in EPA's data gathering and monitoring programs associated with the Clean Water Act.  The method
is based on a contractor-developed method (Reference 16.1) and on peer-reviewed, published
procedures for the speciation of As in aqueous samples (Reference 16.2).

1.2 This method is accompanied by Method 1669: Sampling Ambient Water for Trace Metals at EPA
Water Quality Criteria Levels (the Sampling Guidance).  The Sampling Guidance may be necessary
to preclude contamination during the sampling process.

1.3 This method is designed for measurement of As species in water in the range 0.01-50 g/L and in
tissue in the range 0.10-500 g/g dry weight.  This method may be applicable to determination of
arsenic species in industrial discharges after sample dilution.  Existing regulations (40 CFR parts 400-
500) typically limit concentrations in industrial discharges to the part-per-billion (ppb) range, whereas
ambient As concentrations are normally in the low part-per-trillion (ppt) to low part-per-billion range.

1.4 The method detection limits and minimum levels of quantitation in this method are usually dependent
on the level of background elements and interferences rather than instrumental limitations.  Table 1
lists method detection limits (MDLs) and minimum levels of quantitation (MLs) in water when no
background elements or interferences are present as determined by two laboratories.  Table 1 also
shows MDLs and MLs in a reference tissue matrix (corn oil).

1.5 The ease of contaminating water samples with As and interfering substances cannot be
overemphasized.  This method includes suggestions for improvements in facilities and analytical
techniques that should maximize the ability of the laboratory to make reliable trace metals
determinations and minimize contamination (Section 4.0).  Additional suggestions for improvement of
existing facilities may be found in EPA's Guidance on Establishing Trace Metals Clean Rooms in
Existing Facilities, which is available from the National Center for Environmental Publications and
Information (NCEPI) at the address listed in the introduction to this document. 

1.6 Clean and ultra clean—The terms "clean" and "ultra clean" have been applied to the techniques needed
to reduce or eliminate contamination in trace metals determinations.  These terms are not used in this
method because they lack an exact definition.  However, the information provided in this method is
consistent with EPA's summary guidance on clean and ultra clean techniques.

1.7 This method follows the EPA Environmental Methods Management Council's "Format for Method
Documentation."

1.8 This method is "performance based."  The laboratory is permitted to modify the method to overcome
interferences or lower the cost of measurements if all performance criteria are met.  Section 9.1.2
gives the requirements for establishing method equivalency.
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1.9 Any modification of this method, beyond those expressly permitted, shall be considered a major
modification subject to application and approval of alternate test procedures at 40 CFR 136.4 and
136.5.

1.10 Each laboratory that uses this method must demonstrate the ability to generate acceptable results
(Section 9.2).

1.11 This method is accompanied by a data verification and validation guidance document, Guidance
on the Documentation and Evaluation of Trace Metals Data Collected for CWA Compliance
Monitoring.  This guidance document may be useful for reviewing data collected using this
method.

2.0 Summary of Method

2.1 Aqueous sample—A 500- to 1000-mL water sample is collected directly into a cleaned fluoropolymer,
conventional or linear polyethylene, polycarbonate, or polypropylene sample bottle using sample
handling techniques specially designed for collection of metals at trace levels (Reference 16.3).  Water
samples are preserved in the field by the addition of 3 mL of pretested 6M HCl per liter of sample. 
The recommended holding time is 28 days.

2.2 Tissue sample—A 10- to 50-g wet weight sample is collected into a glass or fluoropolymer,
conventional or linear polyethylene, polycarbonate, or polypropylene sample bottle, also using sample
handling techniques specially designed for collection of metals at trace levels.  The tissue sample is
either freeze-dried and stored at room temperature or stored frozen at less than -18 C.  Prior to
analysis, tissue samples are digested in HCl or NaOH at 80 C for 16 hours.  Matrix spike recoveries
indicate that As+3 is more stable in HCl than NaOH.

2.3 An aliquot of water sample or tissue digestate is placed in a specially designed reaction vessel, and 6M
HCl is added.

2.4 Four percent NaBH4 solution is added to convert IA, MMA, and DMA to volatile arsines.

2.5 Arsines are purged from the sample onto a cooled glass trap packed with 15% OV-3 on Chromosorb®

W AW-DMCS, or equivalent.

2.6 The trapped arsines are thermally desorbed, in order of increasing boiling points, into an inert gas
stream that carries them into the quartz furnace of an atomic absorption spectrophotometer for
detection.  The first arsine to be desorbed is AsH3, which represents IA in the sample.  MMA and
DMA are desorbed and detected several minutes after the first arsine.

2.7 Quality is ensured through calibration and testing of the hydride generation, purging, and detection
systems.

2.8 To determine the concentration of As+3, another aliquot of water sample or tissue digestate is placed in
the reaction vessel and Tris-buffer is added.  The procedure in Sections 2.4 through 2.7 is repeated to
quantify only the arsine produced from As+3.

2.9 The concentration of As+5 is the concentration of As+3 subtracted from the concentration of IA.



Method 1632

Draft, January 2001 3

3.0 Definitions

3.1 Apparatus—Throughout this method, the sample containers, sampling devices, instrumentation, and
all other materials and devices used in sample collection, sample processing, and sample analysis that
come in contact with the sample and therefore require careful cleaning will be referred to collectively
as the Apparatus.

3.2 Dissolved Inorganic Arsenic—All NaBH4-reducible As+3 and As+5 found in aqueous solution filtrate
after passing the sample through a 0.45 µm capsule filter.

3.3 Total Inorganic Arsenic—All NaBH4-reducible As+3 and As+5 found in a sample.  In this method, total
inorganic arsenic and total recoverable inorganic arsenic are synonymous.

3.4 Definitions of other terms used in this method are given in the glossary at the end of the method.

4.0 Contamination and Interferences

4.1 Preventing ambient water samples from becoming contaminated during the sampling and analytical
processes constitutes one of the greatest difficulties encountered in trace metal determinations.  Over
the last two decades, marine chemists have come to recognize that much of the historical data on the
concentrations of dissolved trace metals in seawater are erroneously high because the concentrations
reflect contamination from sampling and analysis rather than ambient levels.  Therefore, it is
imperative that extreme care be taken to avoid contamination when collecting and analyzing ambient
water samples for As species at trace levels.

4.2 Samples may become contaminated by numerous routes.  Potential sources of trace metal
contamination during sampling include:  metallic or metal-containing labware, containers, sampling
equipment, reagents, and reagent water; improperly cleaned and stored equipment, labware, and
reagents; and atmospheric inputs such as dirt and dust.  Even human contact can be a source of trace
metal contamination.

4.3 Contamination Control

4.3.1 Philosophy—The philosophy behind contamination control is to ensure that any object or
substance that contacts the sample is arsenic-free and free from any material that may
contain As, As species, or material that might interfere with the analysis of samples.

4.3.1.1 The integrity of the results produced must not be compromised by contamination of
samples.  This method and the Sampling Method give requirements and suggestions for
control of sample contamination.

4.3.1.2 Substances in a sample cannot be allowed to contaminate the laboratory work area or
instrumentation used for trace metal measurements.  This method gives requirements
and suggestions for protecting the laboratory.

4.3.1.3 Although contamination control is essential, personnel health and safety remain the
highest priority.  The Sampling Method and Section 5.0 of this method give
requirements and suggestions for personnel safety.
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4.3.2 Avoiding contamination—The best way to control contamination is to completely avoid
exposure of the sample to contamination in the first place.  Avoiding exposure means
performing operations in an area known to be free from contamination.  Two of the most
important factors in avoiding/reducing sample contamination are (1) an awareness of
potential sources of contamination and (2) strict attention to the work being done. 
Therefore, it is imperative that the procedures described in this method be carried out by
well-trained, experienced personnel.

4.3.3 Use a clean environment—The ideal environment for processing samples is a class 100
clean room (Section 1.5).  If a clean room is not available, all sample preparation should be
performed in a class 100 clean bench or a nonmetal glove box fed by arsenic- and particle-
free air or nitrogen.  Digestions should be performed in a nonmetal fume hood situated,
ideally, in the clean room.

4.3.4 Minimize exposure—Any apparatus that will contact samples, blanks, or standard solutions
should be opened or exposed only in a clean room, clean bench, or glove box so that
exposure to an uncontrolled atmosphere is minimized.  When not in use, the apparatus
should be covered with clean plastic wrap and stored in the clean bench, in a plastic box, or
in a glove box, or bagged in clean zip-type bags.  Minimizing the time between cleaning and
use will also minimize contamination.

4.3.5 Clean work surfaces—Before a given batch of samples is processed, all work surfaces in the
hood, clean bench, or glove box in which the samples will be processed should be cleaned by
wiping with a lint-free cloth or wipe soaked with reagent water.

4.3.6 Wear gloves—Sampling personnel must wear clean, non-talc gloves during all operations
involving handling of the apparatus, samples, and blanks.  Only clean gloves may touch the
apparatus.  If another object or substance is touched, the glove(s) must be changed before
again handling the apparatus.  If it is even suspected that gloves have become contaminated,
work must be halted, the contaminated gloves removed, and a new pair of clean gloves put
on.  Wearing multiple layers of clean gloves will allow the old pair to be quickly stripped
with minimal disruption to the work activity.

4.3.7 Use metal-free apparatus—All apparatus used for determination of As and/or As species at
ambient water quality criteria levels must be nonmetallic and free of material that may
contain metals.

4.3.7.1 Construction materials—Only fluoropolymer (FEP, PTFE), conventional or linear
polyethylene, polycarbonate, or polypropylene containers should be used for samples
that will be analyzed for As.  PTFE is less desirable than FEP because the sintered
material in PTFE may contain contaminants and is susceptible to serious memory
effects (Reference 16.4).  All materials, regardless of construction, that will directly or
indirectly contact the sample must be cleaned using the procedures given (Section
6.1.2) and must be known to be clean and arsenic-free before proceeding.

Note: Glass containers may be used for tissue sample collection.

4.3.7.2 Serialization—It is recommended that serial numbers be indelibly marked or etched on
each piece of apparatus so that contamination can be traced.  Logbooks should be
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maintained to track the sample from the container through the labware to injection into
the instrument.  It may be useful to dedicate separate sets of labware to different
sample types; e.g., receiving waters and effluents.  However, the apparatus used for
processing blanks and standards must be mixed with the apparatus used to process
samples so that contamination of all labware can be detected.

4.3.7.3 The laboratory or cleaning facility is responsible for cleaning the apparatus used by the
sampling team.  If there are any indications that the apparatus is not clean when
received by the sampling team (e.g., ripped storage bags), an assessment of the
likelihood of contamination must be made.  Sampling must not proceed if it is possible
that the apparatus is contaminated.  If the apparatus is contaminated, it must be
returned to the laboratory or cleaning facility for proper cleaning before it is used in
any sampling activity.

4.3.8 Avoid sources of contamination—Avoid contamination by being aware of potential sources
and routes of contamination.

4.3.8.1 Contamination by carryover—Contamination may occur when a sample containing low
concentrations of As is processed immediately after a sample containing relatively high
concentrations of As.  To reduce carryover, the sample introduction system may be
rinsed between samples with dilute acid and reagent water.  When an unusually
concentrated sample is encountered, it should be followed by analysis of a method
blank to check for carryover.  Samples known or suspected to contain the lowest
concentration of As should be analyzed first followed by samples containing higher
levels.

4.3.8.2 Contamination by samples—Significant laboratory or instrument contamination may
result when untreated effluents, in-process waters, landfill leachates, and other samples
containing high concentrations of As are processed and analyzed.  This method is not
intended for application to these samples, and samples containing high concentrations
should not be permitted into the clean room and laboratory dedicated for processing
trace metal samples.

4.3.8.3 Contamination by indirect contact—Apparatus that does not directly come in contact
with the samples may still be a source of contamination.  For example, clean tubing
placed in a dirty plastic bag may pick up contamination from the bag and subsequently
transfer the contamination to the sample.  Therefore, it is imperative that every piece of
the apparatus that is directly or indirectly used in the collection, processing, and
analysis of water and tissue samples be thoroughly cleaned (see Section 6.1.2).

4.3.8.4 Contamination by airborne particulate matter—Less obvious substances capable of
contaminating samples include airborne particles.  Samples may be contaminated by
airborne dust, dirt, particles, or vapors from unfiltered air supplies; nearby corroded or
rusted pipes, wires, or other fixtures; or metal-containing paint.  Whenever possible,
sample processing and analysis should occur as far as possible from sources of
airborne contamination.

4.4 Interferences—Water vapor may condense in the transfer line between the cold trap and the atomizer
if it is not well heated.  Such condensation can interfere with the determination of DMA.
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5.0 Safety

5.1 The toxicity or carcinogenicity of each chemical used in this method has not been precisely
determined; however, each compound should be treated as a potential health hazard.  Exposure to
these compounds should be reduced to the lowest possible level.  It is recommended that the laboratory
purchase a dilute standard solution of the As and/or As species to be used in this method.  If solutions
are prepared from pure solids, they shall be prepared in a hood, and a NIOSH/MESA-approved toxic
gas respirator shall be worn when high concentrations are handled.

5.2 This method does not address all safety issues associated with its use.  The laboratory is responsible
for maintaining a current awareness file of OSHA regulations for the safe handling of the chemicals
specified in this method.  A reference file of material safety data sheets (MSDSs) should also be made
available to all personnel involved in these analyses.  It is also suggested that the laboratory perform
personal hygiene monitoring of each analyst who uses this method and that the results of this
monitoring be made available to the analyst.  Additional information on laboratory safety can be found
in References 16.5-16.8.

5.3 Samples suspected to contain high concentrations of As and/or As species are handled using
essentially the same techniques used in handling radioactive or infectious materials.  Well-ventilated,
controlled access laboratories are required.  Assistance in evaluating the health hazards of particular
laboratory conditions may be obtained from certain consulting laboratories and from State
Departments of Health or Labor, many of which have an industrial health service.  Each laboratory
must develop a strict safety program for handling As and/or As species.

5.3.1 Facility—When samples known or suspected of containing high concentrations (> 50 µg/Lor
>500µg/g) of total As are handled, all operations (including removal of samples from
sample containers, weighing, transferring, and mixing) should be performed in a glove box
demonstrated to be leak tight or in a fume hood demonstrated to have adequate air flow. 
Gross losses to the laboratory ventilation system must not be allowed.  Handling of the
dilute solutions normally used in analytical and animal work presents no inhalation hazards
except in an accident.

5.3.2 Protective equipment—Disposable plastic gloves, apron or laboratory coat, safety glasses or
mask, and a glove box or fume hood adequate for radioactive work should be used when
handling arsenic powders.  During analytical operations that may give rise to aerosols or
dusts, personnel should wear respirators equipped with activated carbon filters.

5.3.3 Training—Workers must be trained in the proper method of removing contaminated gloves
and clothing without contacting the exterior surfaces.

5.3.4 Personal hygiene—Hands and forearms should be washed thoroughly after each
manipulation and before breaks (including coffee, lunch, and shift).

5.3.5 Confinement—Isolated work areas posted with signs, with their own segregated glassware
and tools, and with plastic absorbent paper on bench tops will aid in confining
contamination.

5.3.6 Effluent vapors—The effluent vapors from the atomic absorption spectrophotometer (AAS)
should pass through either a column of activated charcoal or a trap designed to remove As
and/or As species.



Method 1632

Draft, January 2001 7

5.3.7 Waste handling—Good waste handling techniques include minimizing contaminated waste. 
Plastic bag liners should be used in waste cans.  Janitors and other personnel must be trained
in the safe handling of waste.

5.3.8 Decontamination

5.3.8.1 Decontamination of personnel—Use any mild soap with plenty of scrubbing action. 

5.3.8.2 Glassware, tools, and surfaces—Satisfactory cleaning may be accomplished by
washing with any detergent and water.

5.3.9 Laundry—Clothing known to be contaminated should be collected in plastic bags.  Persons
who convey the bags and launder the clothing should be advised of the hazard and trained in
proper handling.  If the launderer knows of the potential problem, the clothing may be put
into a washing machine without contact.  The washing machine should be run through a full
cycle before being used for other clothing.

6.0 Apparatus and Materials
NOTE: The mention of trade names or commercial products in this method is for illustrative
purposes only and does not constitute endorsement or recommendation for use by the
Environmental Protection Agency.  Equivalent performance may be achievable using apparatus,
materials, or cleaning procedures other than those suggested here.  The laboratory is responsible
for demonstrating equivalent performance.

6.1 Sampling Equipment

6.1.1 Sample collection bottles—Fluoropolymer, conventional or linear polyethylene,
polycarbonate, or polypropylene, 500-1000 mL for aqueous samples.  Glass or plastic
(fluoropolymer, etc.) jars for tissue samples.

6.1.2 Cleaning—Sample collection bottles, glass jars, and glass vials are cleaned with liquid
detergent and thoroughly rinsed with reagent water.  The bottles are then immersed in 1N
trace metal grade HCl for at least 48 hours.  The bottles are thoroughly rinsed with reagent
water, air dried in a class 100 area, and double-bagged in new polyethylene zip-type bags
until needed.

NOTE: Plastic sample bottles should not be cleaned with HNO3 as it oxidizes chemicals that may
remain in the plastic. 

6.1.3 Tissue digestion vials— Glass scintillation vials (25-mL) with fluoropolymer-lined lids are
used for the digestion of tissue samples. 

6.2 Equipment for bottle and glassware cleaning.

6.2.1 Vats—Up to 200-L capacity, constructed of high-density polyethylene (HDPE) or other
nonmetallic, non-contaminating material suitable for holding dilute HCl.

6.2.2 Laboratory sink—In Class 100 clean area, with high-flow reagent water for rinsing.

6.2.3 Clean bench—Class 100, for drying rinsed bottles.
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6.3 Atomic absorption spectrophotometer (AAS)—Any AAS may serve as a detector.  A bracket is
required to hold the quartz atomizer in the optical path of the instrument.  Table 3 gives typical
conditions for the spectrophotometer.

6.3.1 Electrodeless discharge lamp—For measuring As at 193.7 nm.

6.3.2 Quartz cuvette burner tube (Reference 16.2)—70 mm long and 9 mm in diameter with two 6
mm O.D. side tubes, each 25 mm long.  Figure 1A shows a schematic diagram of the tube
and bracket.

6.4 Reaction vessel—Figure 1B shows the schematic diagram for the vessel used for the reaction of the
sample with sodium borohydride.  The system consists of the following:

6.4.1 125-mL gas wash bottle—Corning # 1760-125, or equivalent, onto which an 8 mm O.D.
sidearm inlet tube 2 cm long has been grafted.  A smaller reaction vessel (30-mL size) can
be used for up to 5 mL aqueous samples and tissue digestates.

6.4.2 Silicone rubber stopper septum—Ace Glass #9096-32, or equivalent.

6.4.3 Four-way fluoropolymer stopcock valve—Capable of switching the helium from the purge
to the analysis mode of operation.

6.4.4 Flow meter/needle valve—Capable of controlling and measuring gas flow rate to the
reaction vessel at 150 (±30) mL/minute.

6.4.5 Silicone tubing—All glass-to-glass connections are made with silicone rubber sleeves.

6.5 Cryogenic trap—Figure 1C shows the schematic diagram for the trap.  It consists of the following:

6.5.1 Nichrome wire (22-gauge).

6.5.2 Variacs for controlling Nichrome wire.

6.5.3 A 6 mm O.D. borosilicate glass U-tube about 30 cm long with a 2 cm radius of bend (or
similar dimensions to fit into a tall wide mouth Dewar flask), which has been silanized and
packed halfway with 15% OV-3 on Chromosorb® W AW DMCS (45-60 mesh), or
equivalent.  The ends of the tube are packed with silanized glass wool.

6.5.3.1 Conditioning the trap—The input side of the trap (the side that is not packed) is
connected with silicone rubber tubing to He at a flow rate of 40 mL/min, and the trap is
placed in an oven at 175°C for two hours.  At the end of this time, two 25 µL aliquots
of GC column conditioner (Silyl-8®, Supelco, Inc., or equivalent) are injected through
the silicone tubing into the glass trap. The trap is returned to the oven, with the He still
flowing, for 24 hours.

6.5.3.2 After conditioning, the trap is wrapped with approximately 1.8 m of 22-gauge
Nichrome wire, the ends of which are affixed to crimp-on electrical contacts.

6.5.3.3 The trap is connected by silicone rubber tubing to the output of the reaction vessel. 
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The output side of the trap is connected by 6 mm O.D. borosilicate tubing that has been
wrapped by Nichrome wire to the input of the flame atomizer.

6.5.4 Dewar flask—Capable of containing the trap described in Section 6.5.3.

6.6 Recorder/integrator—Any integrator with a range compatible with the AAS is acceptable.

6.7 Pipettors—All-plastic pneumatic fixed volume and variable pipettors in the range of 10 µL to 5.0 mL. 

6.8 Analytical balance—Capable of weighing to the nearest 0.01 g.

7.0 Reagents and Standards

7.1 River/reagent Water—Water demonstrated to be free from As species at the MDL as well as
potentially interfering substances.  The water can be prepared by distillation or collected from the field
and filtered through a 0.2 m filter.  It has been observed that deionized water can have an oxidizing
potential that diminishes As+3 response (References 16.1,16.2, and 16.9).

7.2 Hydrochloric acid—Trace-metal grade, purified, concentrated, reagent-grade HCl.

7.2.1 6M hydrochloric acid—Equal volumes of trace metal grade concentrated HCl (Section 7.2)
and river/reagent water (Section 7.1) are combined to give a solution approximately 6M in
HCl.

7.2.2 2M hydrochloric acid—Trace metal grade concentrated HCl (Section 7.2) and river/reagent
water (Section 7.1) are combined in a 1:6 ratio to give a solution approximately 2M in HCl.

7.3 Tris buffer—394 g of Tris-HCl (tris(hydroxymethyl)aminomethane hydrochloride) and 2.5 g of
reagent grade NaOH (sodium hydroxide) are dissolved in river/reagent water (Section 7.1) to make 1.0
L of a solution that is 2.5 M tris-HCl and 2.475 M HCl. 

7.4 Sodium hydroxide — Reagent grade NaOH.

7.4.1 2M NaOH—Add 80 g of reagent grade NaOH to a 1-L flask.  Add about 700 mL of
river/reagent water.  After the solid dissolves, dilute to 1 L to give a 2M NaOH solution.

7.4.2 0.02M NaOH—Add 10.0 mL of 2M NaOH (Section 7.4.1) to a 1-L flask.  Dilute to 1 L
with river/reagent water to give a 0.02M NaOH solution.

7.5 Sodium borohydride solution (NaBH4)—Four grams of > 98% NaBH4 (previously analyzed and
shown to be free of measurable As) are dissolved in 100 mL of 0.02 M NaOH solution.  This solution
is stable for only 8-10 hours, and must be made daily.

7.6 Liquid nitrogen (LN2)—For cooling the cryogenic trap.

7.7 Helium—Grade 4.5 (standard laboratory grade) helium.

7.8 Hydrogen—Grade 4.5 (standard laboratory grade) hydrogen.
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7.9 Air—Grade 4.5 (standard laboratory grade) air.

7.10 Ascorbic acid

7.10.1 10% Ascorbic acid—Add 10 g reagent ascorbic acid to about 70 mL of river/reagent water
(Section 7.1) and swirl to dissolve.  After the powder dissolves, dilute to 100 mL, producing
a solution which is stable for one year when stored at 4C.

7.10.2 0.1% Ascorbic acid—Dilute 10 mL of 10% ascorbic acid solution to 1 L with river/reagent
water.  This solution should be made as needed.

7.11 Arsenic standards—It is recommended that laboratories purchase standard solutions of 1000
mg/L and dilute them to make working standard solutions (Section 7.13.6).  Sections 7.13.1
through 7.13.4 give directions for making stock solutions if a source is not readily available.

7.11.1 Arsenite (As+3) standard—A 1000 mg/L stock solution is made up by the dissolution of 1.73
g of reagent grade NaAsO2 in 1.0 L of the 0.1% ascorbic acid solution (Section 7.12.2). 
This solution is stable for at least one year if kept refrigerated in an amber bottle. 

7.11.2 Arsenate (As+5) standard—To prepare a 1000 mg/L stock solution, 4.16 g of reagent grade
Na2HAsO4 -7H2O are dissolved in 1.0 L of river/reagent water (Section 7.1).  This stock
solution has been found to be stable for at least 10 years.

7.11.3 Monomethylarsonate (MMA) standard—To prepare a stock solution of 1000 mg/L, 3.90 g
of CH3AsO(ONa)2 -6H2O is dissolved in 1.0 L of river/reagent water (Section 7.1).  This
stock solution has been found to be stable for at least 10 years. 

7.11.4 Dimethylarsinate (DMA) standard—To prepare a stock solution of 1000 mg/L, 2.86 g of
reagent grade (CH3)2AsO2Na-3H2O (cacodylic acid, sodium salt) is dissolved in 1.0 L
river/reagent water (Section 7.1).  This stock solution has been found to be stable for at least
10 years. 

7.11.5 Working standard solution A—Prepare an intermediate solution containing 10 mg/L of As3+,
MMA and DMA combining measured aliquots of the above stock solutions (7.13.1, 7.13.3
and 7.13.4) and diluting to a measured volume with river/reagent water.  Prepare a working
standard solution containing 500 g/L of As3+, MMA and DMA by diluting the intermediate
solution in river/reagent water.

NOTE: As3+ is used for calibrating the analytical system for inorganic arsenic (As3+ + As5+).

7.11.6 Working standard solution B—Prepare an intermediate solution containing 10 mg/L of As3+,
As5+, MMA and DMA combining measured aliquots of the above stock solutions (7.13.1
through 7.13.4) and diluting to a measured volume with river/reagent water.  Prepare a
working standard solution containing 500 g/L of As3+,As5+, MMA and DMA by diluting
the intermediate solution in river/reagent water.

7.12 Corn oil—Reference matrix for tissue samples.
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8.0 Sample Collection, Preservation, and Storage

8.1 Sample collection—Aqueous samples are collected as described in the Sampling Method (Reference
16.3).  Tissue samples are collected as described in Reference 16.10.

8.2 Sample filtration—This step is not required if total IA and/or As species are the target analyte(s).  For
dissolved IA and/or As species, samples and field blanks are filtered through a 0.45 µm capsule filter
at the field site as described in the Sampling Method.  If the dissolved As species are required
analytes, the water sample must be field filtered without contact to air.  This can be accomplished by
using a capsule filter and exercising care during the filtration process.  The extra care is necessary
because anoxic water may contain high concentrations of soluble iron and manganese that rapidly
precipitate when exposed to air.  Iron and manganese hydroxy/oxides precipitates remove dissolved As
from water.  After the sample is filtered, however, the concern is not as great.  The samples are
preserved through acidification, and when the water is acidified these precipitates will dissolve.

8.3 Water sample preservation—Sample preservation must be performed in the field to reduce changes in
As speciation that may occur during transport and storage.  Water samples are acidified to pH <2 with
hydrochloric acid (3 mL 6M HCl/L sample) and stored at 0-4 C from the time of collection until
analysis.  Other preservation techniques for water and a variety of matrices have been explored
(References 16.1 and 16.11 through 16.13) but only the procedure described here is to be used.  If As
species are not target analytes, the samples may be preserved upon receipt by the laboratory.

8.3.1 Wearing clean gloves, remove the cap from the sample bottle, add the volume of reagent
grade acid that will bring the pH to < 2 and recap the bottle immediately.  If the bottle is
full, withdraw the necessary volume using a precleaned plastic pipette and then add the acid.

NOTE: When testing pH, do not dip pH paper or a pH meter into the sample; remove a small
aliquot with a clean pipette and test the pH of the aliquot.

8.3.2 Store the preserved sample for a minimum of 48 hours at 0-4C to allow the As adsorbed on
the container walls to completely dissolve in the acidified sample.

8.3.3 Sample bottles should be stored in polyethylene bags at 0-4C until analysis.

8.3.3 The holding time for aqueous samples is 28 days from the time of collection until the time of
analysis.

8.4 Tissue sample preservation—The tissue sample must be frozen in the sampling container at less than -
18 C or freeze-dried and stored at room temperature.  The holding time for tissue samples is 2 years.

9.0 Quality Control/Quality Assurance

9.1 Each laboratory that uses this method is required to operate a formal quality assurance program
(Reference 16.3).  The minimum requirements of this program consist of an initial demonstration of
laboratory capability, analysis of samples spiked with As and/or As species to evaluate and document
data quality, and analysis of standards and blanks as tests of continued performance.  To determine if
the results of analyses meet the performance characteristics of the method, laboratory performance is
compared to established performance criteria. 
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9.1.1 The laboratory shall make an initial demonstration of the ability to generate acceptable
accuracy and precision with this method.  This ability is established as described in Section
9.2.

9.1.2 In recognition of advances that are occurring in analytical technology, the laboratory is
permitted to exercise certain options to eliminate interferences or lower the costs of
measurements.  These options include alternate digestion, concentration, and cleanup
procedures, and changes in instrumentation.  Alternate determinative techniques such as the
substitution of a colorimetric technique or changes that degrade method performance are not
allowed.  If an analytical technique other than the techniques specified in this method is
used, that technique must have a specificity equal to or better than the specificity of the
techniques in the referenced method for the analytes of interest.

9.1.2.1 Each time this method is modified, the laboratory is required to repeat the procedures in
Section 9.2.  If the change will affect the detection limit of the method, the laboratory is
required to demonstrate that the MDL (40 CFR part 136, Appendix B) is less than or
equal to the MDL for this method or one-third the regulatory compliance level,
whichever is greater.  If the change will affect calibration, the laboratory must
recalibrate the instrument according to Section 10.0 of this method.

9.1.2.2 The laboratory is required to maintain records of modifications made to this method. 
These records include the following, at a minimum:

9.1.2.2.1 The names, titles, addresses, and telephone numbers of the analyst(s) who
performed the analyses and modification, and of the quality control officer
who witnessed and will verify the analyses and modification.

9.1.2.2.2 A listing of metals measured (As and/or As species), by name and CAS
Registry number.

9.1.2.2.3 A narrative stating reason(s) for the modification(s). 

9.1.2.2.4 Results from all quality control (QC) tests comparing the modified method to
this method, including:

(a) Calibration (Section 10.1)
(b) Calibration verification (Section 9.5 and 10.2)
(c) Initial precision and recovery (Section 9.2.2)
(d) Analysis of blanks (Section 9.6)
(e) Matrix spike/matrix spike duplicate analysis (Section 9.3 and 9.4)
(f) Ongoing precision and recovery (Section 9.7)

9.1.2.2.5 Data that will allow an independent reviewer to validate each determination
by tracing the instrument output (peak height, area, or other signal) to the
final result.  These data are to include, where possible:

(a) Sample numbers and other identifiers
(b) Preparation dates
(c) Analysis dates and times
(d) Analysis sequence/run chronology



Method 1632

Draft, January 2001 13

(e) Sample volume
(f) Volume before each preparation step
(g) Volume after each preparation step
(h) Final volume before analysis
(i) Dilution data
(j) Instrument and operating conditions (make, model, revision, modifications)
(k) Sample introduction system (ultrasonic nebulizer, hydride generator, flow injection

system, etc.)
(l) Operating conditions (ashing temperature, temperature program, flow rates, etc.)
(m) Detector (type, operating conditions, etc.)
(n) Printer tapes and other recordings of raw data
(o) Quantitation reports, data system outputs, and other data to link the raw data to

the results reported

9.1.3 Analyses of blanks are required to demonstrate freedom from contamination.  Section 9.6
describes the required blank types and the procedures and criteria for analysis of blanks.

9.1.4 The laboratory shall spike at least 10% of the samples with As species to monitor method
performance.  Section 9.3 describes this test.  When results of these spikes indicate atypical
method performance, an alternate extraction or cleanup technique must be used to bring
method performance within acceptable limits.  If method performance for spikes cannot be
brought within the limits given in this method, the result may not be reported or used for
permitting or regulatory compliance purposes.

9.1.5 The laboratory shall, on an ongoing basis, demonstrate through calibration verification (for
water and tissue samples) and through analysis of the ongoing precision and recovery
aliquot (for tissue samples) that the analytical system is within specified limits.  Sections 9.5
and 9.7 describe these required procedures.

9.1.6 The laboratory shall maintain records to define the quality of data that are generated. 
Section 9.3.4 describes the development of accuracy statements.

9.2 Initial demonstration of laboratory capability.

9.2.1 Method detection limit—To establish the ability to detect each As species, the laboratory
must determine the MDL for each analyte per the procedure in 40 CFR 136, Appendix B
using the apparatus, reagents, and standards that will be used in the practice of this method. 
The laboratory must produce an MDL for each analyte that is no more than one-tenth the
regulatory compliance level or that is less than or equal to the MDL listed in Table 1,
whichever is greater.

9.2.2 Initial precision and recovery (IPR)—To establish the ability to generate acceptable
precision and recovery, the laboratory shall perform the following operations.

9.2.2.1 Analyze four aliquots of river/reagent water (Section 7.1) or corn oil (tissue reference
matrix; Section 7.14) spiked with the analyte(s) of interest at one to five times the ML
(Table 1).  All sample preparation steps, and the containers, labware, and reagents that
will be used with samples must be used in this test.

9.2.2.2 Using results of the set of four analyses, compute the average percent recovery (X) of
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each analyte in each aliquot and the standard deviation (s) of the recovery of the
analyte.

9.2.2.3 Compare X and s for each analyte with the corresponding limits for initial precision
and recovery in Table 2.  If s and X meet the acceptance criteria, system performance
is acceptable and analysis of blanks and samples may begin.  If, however, s exceeds the
precision limit or X falls outside the range for accuracy, system performance is
unacceptable.  The laboratory should correct the problem and repeat the test (Section
9.2.2.1).

9.2.3 Quality control sample (QCS)—The QCS must be prepared from a source different from
that used to produce the calibration standards.  River/reagent water and marine water that
contain certified concentrations of total As may be purchased.  Certified reference materials
for As species are not currently available. When beginning use of this method and on a
quarterly basis, or as required to meet data quality needs, the calibration standards and
acceptable instrument performance must be verified with the preparation and analyses of a
QCS (Section 7.10).  To verify the calibration standards, the determined mean concentration
from three analyses of the QCS must be within ± 10% of the stated QCS value.  If the QCS
is not within the required limits, an immediate second analysis of the QCS is recommended
to confirm unacceptable performance.  If the calibration standards and/or acceptable
instrument performance cannot be verified, the source of the problem must be identified and
corrected before proceeding with further analyses. 

9.3 Method Accuracy—To assess the performance of the method on a given sample matrix, the laboratory
must perform matrix spike (MS) and matrix spike duplicate (MSD) sample analyses on 10% of the
samples from each site being monitored, or at least one MS sample analysis and one MSD sample
analysis must be performed for each sample set (samples collected from the same site at the same
time, to a maximum of 10 samples), whichever is more frequent.

9.3.1 The concentration of the MS and MSD is determined as follows:

9.3.1.1 If, as in compliance monitoring, the concentration of analyte(s) in the sample is being
checked against a regulatory concentration limit, the spike must contain the analyte(s)
at that limit or at one to five times the background concentration, whichever is greater.

9.3.1.2 If the concentration(s) is not being checked against a regulatory limit, the
concentration(s) must be at one to five times the background concentration or at one to
five times the ML(s) in Table 1, whichever is greater.

9.3.2 Assessing spike recovery

9.3.2.1 Determine the background concentration (B) of As species by analyzing one sample
aliquot according to the procedures in Section 11.0.

9.3.2.2 Prepare a matrix spiking solution that will produce the appropriate level (Section 9.3.1)
of analyte(s) of interest in the sample when the spiking solution is added.

9.3.2.3 Spike two additional aliquots with the matrix spiking solution and analyze these
aliquots to determine the concentration after spiking (A).
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9.3.2.4 Calculate each percent recovery  of the matrix spike and matrix spike duplicate by
using Equation 1.

Equation 1

P 100*
A B

T
=

−

Where P = Percent recovery of the spike
           A = Concentration of the spiked aliquot

B = Background concentration of the sample
T = Known value of the spike

9.3.3 Compare the percent recovery (P) with the corresponding QC acceptance criteria in Table 2. 
If P falls outside the designated range for recovery, the result has failed the acceptance
criteria.

9.3.3.1 If the system performance is unacceptable, analyze the calibration verification standard
(CALVER, Section 9.5.2) for water samples, or the ongoing precision and recovery
sample (Section 9.7) for tissue samples.  If the CALVER or OPR is within acceptance
criteria (Table 2), the analytical system is within specified limits and the problem can
be attributed to the sample matrix.

9.3.3.2 For samples that exhibit matrix problems, further isolate As species from the sample
matrix using chelation, extraction, concentration, or other means, and repeat the
accuracy test (Sections 9.3.2).

NOTE: The use of these techniques to reduce matrix problems may affect the speciation of the As
in solution.

9.3.3.3 If matrix problems cannot be corrected and the recovery for As species remains outside
the acceptance criteria, the analytical result in the unspiked sample is suspect and may
not be reported or used for permitting or regulatory compliance purposes.

9.3.4 Recovery for samples should be assessed and records maintained.

9.3.4.1 After the analysis of five samples of a given matrix type (river water, lake water, etc.)
for which As species pass the tests in Section 9.3.3, compute the average percent
recovery (P) (P = percent recovery in 9.3.2.4) and the standard deviation of the percent
recovery (SP).  Express the accuracy assessment as a percent recovery interval from P-
2SP to P+2SP for each matrix.  For example, if P = 90% and SP = 10% for five
analyses of river water, the accuracy interval is expressed as 70-110%.

9.3.4.2 Update the accuracy assessment in each matrix regularly (e.g., after each 5-10 new
measurements).
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9.4 Precision of MS/MSD

9.4.1 Calculate the relative percent difference (RPD) between the MS and MSD using the
concentrations found in the MS and MSD (Equation 1).  Do not use the recoveries
calculated in Section 9.3.2.4 for this calculation because the RPD of recoveries is inflated
when the background concentration is near the spike concentration.

Equation 2

( )
( )

RPD
D D

D D
=

−

+
100 1

2

1 2

1 2

*

Where:
RPD = Relative percent difference
D1 = Concentration of the analyte in the MS sample
D2 = Concentration of the analyte in the MSD sample

9.4.2 Compare the RPD with the limits in Table 2.  If the criteria are not met, the analytical
system performance is judged to be unacceptable.  Correct the problem and reanalyze all
samples in the sample set associated with the MS/MSD that failed the RPD test.

9.5 Calibration verification (also see Section 10.2)

9.5.1 Calibration verification (CALVER) shall be performed immediately after the analytical
system is calibrated or before analyzing any samples in a sample batch.  In addition, the
CALVER standard shall be analyzed after every 10 samples and after the last analytical
sample in a sample batch.  Refer to Section 10.2.2 and 10.2.3 for procedures on analyzing
the CALVER standard. 

9.5.2 Recovery of the CALVER standard must be within the control limits specified in Table 2.  If
recovery of the CALVER standard is outside the control limits in Table 2, the analysis must
be stopped, the problem corrected, the instrument recalibrated, and the calibration verified. 
Samples processed after the last satisfactory calibration verification must be re-analyzed.

9.6 Blanks—Blanks are analyzed to demonstrate freedom from contamination.

9.6.1 Calibration blanks– A calibration blank consists of river/reagent water placed in the reaction
vessel and analyzed like a sample (Section 11.4 and 11.5).  At least one calibration blank
must be analyzed after calibration.  A calibration blank is also analyzed after each analysis
of the CALVER standard (Section 9.5).  If As species or any potentially interfering
substance is found in the blank at a concentration equal to or greater than the MDL (Table
1), sample analysis must be halted, the source of the contamination determined, the problem
corrected, and the sample batch and a fresh calibration blank reanalyzed.

9.6.2 Method blanks—The method blank is an aliquot of river/reagent water or corn oil (tissue
reference matrix; Section 7.14) that is treated exactly as a sample including exposure to all
glassware, equipment and reagents that are used with samples.  It is used to determine if
analytes or interferences are present in the laboratory environment, the reagents, or the
apparatus.



Method 1632

Draft, January 2001 17

9.6.2.1 Prepare a minimum of 1 method blank with each sample batch (samples of the same
matrix started through the preparation process on the same 12-hour shift, to a
maximum of 20 samples).  Three method blanks are preferred.

NOTE: Method blanks for water samples are identical to the calibration blanks (see Section
9.6.1).  Analyze the method blank immediately after analysis of the CALVER (Section 9.5) for water
samples, or OPR (Section 9.7) for tissue samples, to demonstrate freedom from contamination.

9.6.2.2 If As species or any potentially interfering substance is found in the blank at a
concentration equal to or greater than the MDL (Table 1), sample analysis must be
halted, the source of the contamination determined, the problem corrected, and the
sample batch and a fresh method blank reanalyzed.

9.6.2.3 Alternatively, if a sufficient number of method blanks (three minimum) are analyzed to
characterize the nature of a blank, the average concentration plus two standard
deviations must be less than the regulatory compliance level.

9.6.2.4 If the result for a single method blank remains above the MDL or if the result for the
average concentration plus two standard deviations of three or more blanks exceeds the
regulatory compliance level, results for samples associated with those blanks may not
be reported or used for permitting or regulatory compliance purposes.  Stated another
way, results for all initial precision and recovery tests (Section 9.2) and all samples
must be associated with an uncontaminated method blank before these results may be
reported or used for permitting or regulatory compliance purposes. 

9.6.3 Field blanks for water samples

9.6.3.1 Analyze the field blank(s) shipped with each set of samples (samples collected from the
same site at the same time, to a maximum of 10 samples).  If the samples are filtered
for the determination of dissolved As and/or As species, the field blank shall be filtered
as well.  Analyze the blank immediately before analyzing the samples in the batch.

9.6.3.2 If As species or any potentially interfering substance is found in the field blank at a
concentration equal to or greater than the ML (Table 1), or greater than one-fifth the
level in the associated sample, whichever is greater, results for associated samples may
be the result of contamination and may not be reported or used for permitting or
regulatory compliance purposes.

9.6.3.3 Alternatively, if a sufficient number of field blanks (three minimum) are analyzed to
characterize the nature of the field blank, the average concentration plus two standard
deviations must be less than the regulatory compliance level or less than one-half the
level in the associated sample, whichever is greater.

9.6.3.4 If contamination of the field blanks and associated samples is known or suspected, the
laboratory should communicate this to the sampling team so that the source of
contamination can be identified and corrective measures taken before the next sampling
event.

9.6.4 Equipment blanks—Before any sampling equipment is used at a given site, the laboratory or
cleaning facility is required to generate equipment blanks to demonstrate that the sampling
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equipment is free from contamination.  Two types of equipment blanks are required:  bottle
blanks and sampler check blanks.

9.6.4.1 Bottle blanks—After undergoing appropriate cleaning procedures (Section 6.1.2),
bottles should be subjected to conditions of use to verify the effectiveness of the
cleaning procedures.  A representative set of sample bottles should be filled with
river/reagent water (Section 7.1) acidified to pH < 2 and allowed to stand for a
minimum of 24 hours.  Ideally, the time that the bottles are allowed to stand should be
as close as possible to the actual time that sample will be in contact with the bottle. 
After standing, the water should be analyzed for any signs of contamination.  If any
bottle shows signs of contamination, the problem must be identified, the cleaning
procedures corrected or cleaning solutions changed, and all affected bottles cleaned
again.

9.6.4.2 Sampler check blanks for water samples—Sampler check blanks are generated in the
laboratory or at the equipment cleaning contractor's facility by processing river/reagent
water (Section 7.1)  through the sampling devices using the same procedures that are
used in the field (see Sampling Method).  Therefore, the "clean hands/dirty hands"
technique used during field sampling should be followed when preparing sampler check
blanks at the laboratory or cleaning facility.

9.6.4.2.1 Sampler check blanks are generated by filling a large carboy or other
container with river/reagent water (Section 7.1) and processing the
river/reagent water (Section 7.1) through the equipment using the same
procedures that are used in the field (see Sampling Method).  For example,
manual grab sampler check blanks are collected by directly submerging a
sample bottle into the water, filling the bottle, and capping.  Subsurface
sampler check blanks are collected by immersing the sampler into the water
and pumping water into a sample container.  "Clean hands/dirty hands"
techniques must be used.

9.6.4.2.2 The sampler check blank must be analyzed using the procedures in this
method.  If As and/or As species or any potentially interfering substance is
detected in the blank, the source of contamination or interference must be
identified and the problem corrected.  The equipment must be demonstrated to
be free from As and/or As species before the equipment may be used in the
field.

9.6.4.2.3 Sampler check blanks must be run on all equipment that will be used in the
field.  If, for example, samples are to be collected using both a grab sampling
device and a subsurface sampling device, a sampler check blank must be run
on both pieces of equipment. 

9.7 Ongoing Precision and Recovery - Because water samples do not require digestion prior to analysis,
OPR samples are only required for tissue samples.  CALVER analysis in Section 9.5 is equivalent to
the analysis of an aqueous OPR.

9.7.1 For each sample batch (i.e., samples of the same matrix started through the extraction
process on the same 12-hour shift, to a maximum of 20 samples), prepare an ongoing
precision and recovery (OPR) aliquot in the same manner as IPR aliquots (Section  9.2.2).
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9.7.2 Analyze the OPR aliquot before analyzing the method blank and samples from the same
batch.

9.7.3 Compute the percent recovery of As species in the OPR aliquot.

9.7.4 Compare the recovery in the OPR sample to the limits for ongoing recovery in Table 2.  If
the acceptance criteria are met, system performance is acceptable and analysis of blanks and
samples may proceed.  If, however, recovery falls outside of the range given, the analytical
processes are not being performed properly.  Correct the problem, prepare the sample batch
again, and repeat the OPR test.

9.7.5 Add results that pass the specifications to IPR and previous OPR data for As species. 
Update QC charts to form a graphic representation of continued laboratory performance. 
Develop a statement of laboratory accuracy by calculating the average percent recovery (P)
and the standard deviation of percent recovery (SP).  Express the accuracy as a recovery
interval from P-2SP to P+2SP.  For example, if P = 95% and SP = 5%, the accuracy is 85-
105%.

9.8 The specifications in this method can be met if the instrument used is calibrated properly and then
maintained in a calibrated state.  A given instrument will provide the most reproducible results if
dedicated to the settings and conditions required for the analyses of As and/or As species by this
method.

9.9 Depending on specific program requirements, field duplicates may be collected to determine the
precision of the sampling technique.  The relative percent difference (RPD, Equation 2) between field
duplicates should be less than 20%.

10.0 Calibration and Standardization

10.1 Calibration—Calibration is required before any samples or method blanks are analyzed.

10.1.1 Standards are analyzed by addition of measured aliquots of the working standard solution A
(Section 7.13.5) directly into the reaction vessel that has been pre-filled with river/reagent
water (70 mL for the 125-mL reaction vessel; 5 mL for the 30-mL reaction vessel).  Proceed
with analysis of the standards following procedures in Section 11.4.

10.1.2 The calibration must contain 3 or more non-zero points.  For a given As species, the lowest
calibration point must be less than or equal to the ML shown in Table 1.

10.1.3 Calculate the calibration factor (CF) for IA, MMA and DMA in each calibration standard
using the following equation.
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=

Equation 3

Where,
CF = Calibration factor [peak area or height units / µg]
Rx = Peak height or area for As species in standard [peak area or height units]
mx = Mass of As species in standard analyzed (µg)

10.1.4 For each analyte of interest, calculate the mean calibration factor (CFm), the standard
deviation of the CFm (SD), and the relative standard deviation (RSD) of the mean, where
RSD = 100 x SD/CFm.

10.1.5 Appropriateness of CF—If the RSD as calculated in Section 10.1.4 is less than 20%, the
CFm may be used to calculate sample concentrations.  Otherwise, use weighted linear
regression to calculate a slope and intercept for the calibration line. 

10.1.6 When analyzing for As3+, the calibration line for IA can be used.

10.1.7 Following calibration, analyze a calibration blank.  The concentrations of As and As species
in the calibration blank be less than the MDL.

10.2 Calibration verification—A calibration verification is performed immediately after calibration
and after analysis of a maximum of every 10 samples thereafter (Section 10.2.2).  Blanks and
samples may not be analyzed until these criteria are met.

10.2.1 Verify the specificity of the instrument for As and adjust the wavelength or tuning until the
resolving power (Table 3) specified in this method is met.

10.2.2 Calibration verification for IA, MMA and DMA

10.2.2.1 Calibration verification (CALVER)—Prepare the CALVER standard by adding a
measured volume of working standard solution B to the reaction vessel (pre-filled
with river/reagent water) corresponding to the mid-level standard used to establish
the calibration line.  The CALVER standard is then purged and analyzed for IA,
MMA and DMA following procedures in Section 11.4.  Compute the percent
recovery of As species using the initial calibration.

10.2.2.2 Compare the recovery with the corresponding limit for calibration verification in
Table 2.  If acceptance criteria are met, system performance is acceptable and
analysis of blanks and samples may continue using the response from the initial
calibration.  If acceptance criteria are not met, system performance is
unacceptable.  Locate and correct the problem and/or prepare a new calibration
verification standard and repeat the test (Sections 10.2.1 through 10.2.3), or
recalibrate the system (Sections 10.1 and 10.2).  All samples after the last
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acceptable calibration verification must be reanalyzed.

10.2.3 Calibration verification for As3+

10.2.3.1 Before the As3+ analysis of samples, the CALVER standard is analyzed at the
beginning of an analytical batch, following every 10 samples, and at the end of an
analytical batch.  The CALVER standard is prepared by adding a  measured
volume of working standard solution B to the reaction vessel pre-filled with
river/reagent water (70 or 5 mLs).  The CALVER standard should correspond to
the mid-level standard used to establish the calibration line.  The CALVER
standard is then purged and analyzed for As3+ in Section 11.5.  Compute the
percent recovery of As3+ using the initial calibration. 

10.2.3.2 Compare the recovery with the corresponding limit for calibration verification in
Table 2.  If acceptance criteria are met, system performance is acceptable and
analysis of blanks and samples may continue using the response from the initial
calibration.  If acceptance criteria are not met, system performance is
unacceptable.  Locate and correct the problem and/or prepare a new calibration
check standard and repeat the test (Sections 10.2.1 through 10.2.3), or recalibrate
the system (Sections 10.1 and 10.2).  If the recovery does not meet the acceptance
criteria specified in Table 2, analyses must be halted and the problem corrected. 
All samples after the last acceptable calibration verification for As3+ must be
reanalyzed for As3+.

10.3 Analyze a calibration blank following every calibration verification to demonstrate that there is
no carryover of the analytes of interest and that the analytical system is free from contamination. 
The concentrations of As and As species in the calibration blank must be less than the MDL. If
the concentration of an analyte in the blank result is equal to or exceeds the MDL, correct the
problem, verify the calibration (Section 10.1), and repeat the analysis of the calibration blank.

11.0 Sample Preparation and Analysis

11.1 Set up the AAS system according to manufacturer's instructions.  The settings in Tables 3 and 4
can be used as a guide.  Calibrate the instrument according to Section 10.1.

NOTE:  Precision and sensitivity are affected by gas flow rates and these must be individually optimized
for each system using the settings in Table 5 as an initial guide.

11.2 To light the flame, turn on the air and H2, and expose the end of the quartz cuvette to a flame.  At
this point, a flame will be burning out the ends of the tube.  Allow the tube to heat for
approximately five minutes, then place a flat metal spatula over each end of the tube in sequence. 
An invisible air/hydrogen flame should now be burning in the center of the cuvette.  To check for
the flame, place a mirror near the end of the tube and observe condensation of water vapor or
turn-off the room light to observe the flame.

11.3 Tissue samples large enough to sub-sample must be homogenized to a fine paste with a stainless
steel mill, or finely chopped with stainless steel tools on an acid-cleaned, plastic cutting board. 
Clean sample handling techniques must be followed.  Digest tissue samples by adding 10 mL of
2M HCl to 0.5 g of either wet or dry tissue in a 25-mL glass scintillation vial.  Cap the vial with
a fluoropolymer-lined lid and heat overnight (16 hours) in an oven at 75 - 85 C.  Cool and
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analyze the overlying liquid.  Tissue may also be digested in 2M NaOH overnight at 75 - 85 C;
however, As+3 and As+5 are more stable in HCl than NaOH.  If only IA, MMA, and DMA are
required, the advantage of the NaOH digestion is that, if it is available, ICP-MS can be used to
quantify total As (Reference 16.14) in the digestate.

11.4 Inorganic As, MMA, and DMA determination.

11.4.1 Purging of Samples

11.4.1.1 To achieve a detection limit < 0.01 µg/L, place a known volume of aqueous
sample (up to 70 mL) into the large (125-mL) reaction vessel.  If less than 70 mL
of sample is used, add sufficient river/reagent water (Section 7.1) to result in a
total volume of 70 mL.  Add 5.0 mL of 6M HCl.  Set the four-way valve on the
reaction vessel to pass the flow of He through the sample and onto the trap and
begin purging the vessel with He. 

11.4.1.2 To analyze tissue digestates or to analyze water samples with a detection limit >
0.01 g/L, place a known volume of aqueous sample (up to 5 mL) or tissue
digestate (up to 2 mL) into the small (30 mL) reaction vessel.  Add 1.0 mL of 6M
HCl.  Set the four-way valve on the reaction vessel to pass the flow of He through
the sample and onto the trap and begin purging the vessel with He.

11.4.1.3 Lower the trap into a Dewar flask containing LN2 and top the flask off with LN2

to a constant level.

11.4.1.4 For a large reaction vessel, add 10 mL of NaBH4 solution slowly (over a period of
approximately two minutes) through the rubber septum with a disposable
hypodermic syringe and begin timing the reaction.  For the small reaction vessel,
add 2.0 mL of NaBH4 slowly over a 1-minute period.  After seven minutes, turn
the stopcock on the four-way valve to bypass the reaction vessel and pass helium
directly to the trap.  Arsines are purged from the sample onto the cooled glass trap
packed with 15% OV-3 on Chromosorb® W AW DMCS, or equivalent.

11.4.2 Trap desorption and AAS analysis

11.4.2.1 Quickly remove the trap from the LN2, activate the heating coils to heat the trap,
and begin recording output from the AAS system.  The transfer line is maintained
at 75 - 85 C.  The trapped arsines are thermally desorbed, in order of increasing
boiling points, into an inert gas stream that carries them into the quartz furnace of
an atomic absorption spectrophotometer for detection.  The first arsine to be
desorbed is AsH3, which represents total inorganic As in the sample.  The MMA
and DMA are desorbed and detected several minutes after the arsine. 

11.4.2.2 To ensure that all organic reduction products have been desorbed from the trap,
maintain the trap temperature at 65 - 85 C and keep He flowing through the trap
for at least three minutes between samples.

11.4.3 The trap should be cooled for one minute before re-using for another analysis to reduce the
possibility of cracking.



Method 1632

Draft, January 2001 23

11.5 Arsenite (As+3) Determination

11.5.1 pH Adjustment

11.5.1.1 To analyze water samples with a detection limit < 0.01 g/L, place a known
volume (up to 70 mL) in the large (125-mL) reaction vessel.  If less than 70 mL of
sample is used, add sufficient river/reagent water (Section 7.1) to result in a total
volume of 70 mL.  Add 3.0 mL of Tris buffer to bring the sample’s pH to 5 to 7. 
If the sample is strongly acidic or basic, it must be either neutralized or have more
buffer added to obtain a pH of 5 to 7.

11.5.1.2 To analyze tissue digestates or to analyze water samples with a detection limit >
0.01 g/L, place a known volume of aqueous sample (up to 5 mL) or tissue
digestate (up to 2 mL) in the small reaction vessel.  Add 1.0 mL of Tris buffer.  If
the sample is strongly acidic or basic, it must be either neutralized or have more
buffer added to obtain a pH of 5 to 7.

11.5.2 Purging of samples—For a large reaction vessel, add 3.0 mL of NaBH4 solution quickly
(about 10 seconds) through the rubber septum with a disposable hypodermic syringe and
begin timing the reaction.  For a small reaction vessel, add 1.0 mL of NaBH4 in a short
injection (about 10 seconds).  The injections are quicker for As+3 determinations than for
Inorganic As, MMA, DMA determinations (Section 11.4.1.4) because rapid evolution of H2

does not occur at a neutral pH.  After seven minutes, turn the stopcock on the four-way
valve to bypass the reaction vessel and pass helium directly to the trap.  Arsines are purged
from the sample onto the cooled glass trap packed with 15% OV-3 on Chromosorb® W AW
DMCS, or equivalent.

11.5.3 Trap desorption and AAS analysis—Desorption of arsines from the trap follows the same
procedure as in Sections 11.4.2 through 11.4.3 to complete the determination of As+3

concentration.  During this procedure, small, irreproducible quantities of organic arsines
may be released at this pH and should be ignored.  This separation of arsenite is
reproducible and essentially 100% complete.

11.6 Arsenate (As+5) determination—The concentration of As+5 is calculated by subtracting the As+3

determined in Section 11.5 from the total inorganic As determined on an aliquot of the same
sample in Section 11.4.

12.0 Data analysis and calculations

12.1 For water samples, compute the concentration of As species in ng/L using the calibration data
(Section 10.1):
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Equation 4

Where:
Rx = Peak height or area for As species in the sample [peak height or area units]
CFm = Mean calibration factor for As species [peak height or area units /µg]
Vs = Volume of sample purged and analyzed [L]

For tissue samples, compute the concentration of As species in µg/g as follows:

Equation 5

Where:
Rx = Peak height or area As species in the digestate [peak height or area units]
CFm = Mean calibration factor for As species [peak height or area units /µg]
Vdigest = Total volume of tissue digestate [mL]
Vd = Volume of digestate added to reaction vessel [mL]
ms = mass of sample digested [g]

12.2 If the concentration exceeds the calibration range, dilute the sample by successive factors of 10
until the concentration is within the calibration range.

12.3 Reporting

12.3.1 Report results for each As species at or above the ML, in µg/L or µg/g, to three significant
figures.  Report results for each As species in samples below the ML as less than the value
of the ML, or as required by the regulatory authority or in the permit.  Report results for
each As species in field blanks at or above the ML, in µg/L or µg/g, to three significant
figures.  Report results for each As species in field blanks below the ML but at or above the
MDL to two significant figures.  Report results for each As species not detected in field
blanks as less than the value of the MDL, or as required by the regulatory authority or in the
permit.

12.3.2 Report results for each As species in samples, method blanks, and field blanks separately,
unless otherwise requested or required by a regulatory authority or in a permit.  If blank
correction is requested or required, subtract the concentration of each As species in the
method blank, average of multiple method blanks, or field blank from the concentration of
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the respective As species in the sample to obtain the net sample As species concentration. 
Among the preceding blanks, only one may be subtracted.

12.3.3 Results from tests performed with an analytical system that is not in control must not be
reported or otherwise used for permitting or regulatory compliance purposes, but does not
relieve a discharger or permittee of reporting timely results.

13.0 Method Performance

Tables 1 contains MDLs and MLs for As species in water and tissue matrices.  The QC acceptance criteria
in Table 2 are based on quality control data generated during As speciation analysis by Method 1632 for
the Cook Inlet Study (1998).  Details on how the criteria were developed can be found in Reference 16.16.

14.0 Pollution Prevention

14.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity or
toxicity of waste at the point of generation.  Many opportunities for pollution prevention exist in
laboratory operation.  EPA has established a preferred hierarchy of environmental management
techniques that places pollution prevention as the management option of first choice.  Whenever
feasible, laboratory personnel should use pollution prevention techniques to address their waste
generation.  When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.  The acids used in this method should be reused as practicable
by purifying with electrochemical techniques.  The only other chemicals used in this method are
the neat materials used in preparing standards.  These standards are used in extremely small
amounts and pose little threat to the environment when managed properly.  Standards should be
prepared in volumes consistent with laboratory use to minimize the disposal of excess volumes of
expired standards.

14.2 For information about pollution prevention that may be applied to laboratories and research
institutions, consult Less is Better:  Laboratory Chemical Management for Waste Reduction,
available from the American Chemical Society's Government Affairs Publications , 1155 16th
Street NW, Washington DC  20036, 202/872–4600, or govtrelations@acs.org.

15.0 Waste Management

15.1 The laboratory is responsible for complying with all federal, state, and local regulations
governing waste management, particularly hazardous waste identification rules and land disposal
restrictions, and for protecting the air, water, and land by minimizing and controlling all releases
from fume hoods and bench operations.  Compliance with all sewage discharge permits and
regulations is also required.

15.2 Acids and samples at pH < 2 must be either neutralized before being disposed or handled as
hazardous waste.

15.3 For further information on waste management, consult The Waste Management Manual for
Laboratory Personnel and Less is Better: Laboratory Chemical Management for Waste
Reduction, both available from the American Chemical Society's Government Affairs
Publications, 1155 16th Street NW, Washington, DC  20036.
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17.0 Glossary

The definitions and purposes below are specific to this method, but have been conformed to common usage
as much as possible.

17.1 Ambient water—Water in the natural environment (e.g., river, lake, stream, and other receiving
water), as opposed to an effluent discharge.

17.2 Equipment blank—An aliquot of river/reagent water (Section 7.1) that is subjected in the
laboratory to all aspects of sample collection and analysis, including contact with all sampling
devices and apparatus.  The purpose of the equipment blank is to determine if the sampling
devices and apparatus for sample collection have been adequately cleaned before shipment to the
field site.  An acceptable equipment blank must be achieved before the sampling devices and
apparatus are used for sample collection.  In addition, equipment blanks should be run on
random, representative sets of gloves, storage bags, and plastic wrap for each lot to determine if
these materials are free from contamination before use. 

17.3 Field blank—An aliquot of river/reagent water (Section 7.1) that is placed in a sample container
in the laboratory, shipped to the field, and treated as a sample in all respects, including contact
with the sampling devices and exposure to sampling site conditions, storage, preservation, and all
analytical procedures, which may include filtration.  The purpose of the field blank is to
determine if the field or sample transporting procedures and environments have contaminated the
sample.

17.4 Field duplicates (FD1 and FD2)—Two separate samples collected in separate sample bottles at
the same time and place under identical circumstances and treated exactly the same throughout
field and laboratory procedures.  Analyses of FD1 and FD2 give a measure of the precision
associated with sample collection, preservation, and storage, as well as with laboratory
procedures.

17.5 Initial precision and recovery (IPR)—Four aliquots of the ongoing precision and recovery
standard analyzed to establish the ability to generate acceptable precision and accuracy.  IPR
tests are performed before a method is used for the first time and any time the method or
instrumentation is modified.
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17.6 Matrix spike (MS) and matrix spike duplicate (MSD)—Aliquots of an environmental sample to
which known quantities of the analytes are added in the laboratory.  The MS and MSD are
analyzed exactly like samples.  Their purpose is to quantify the bias and precision caused by the
sample matrix.   The background concentrations of the analytes in the sample matrix must be
determined in a separate aliquot and the measured values in the MS and MSD corrected for
background concentrations.

17.7 May—This action, activity, or procedural step is optional.

17.8 May not—This action, activity, or procedural step is prohibited.

17.9 Method blank—An aliquot of river/reagent water (Section 7.1) or corn oil (Section 7.14) that is
treated exactly as a sample including exposure to all glassware, equipment, solvents, reagents,
internal standards, and surrogates that are used with samples.   The method blank is used to
determine if analytes or interferences are present in the laboratory environment, the reagents, or
the apparatus.

17.10 Minimum level (ML)—The lowest level at which the entire analytical system must give a
recognizable signal and acceptable calibration point for the analyte.  It is equivalent to the
concentration of the lowest calibration standard, assuming that all method-specified sample
weights, volumes, and cleanup procedures have been employed.  The ML is calculated by
multiplying the MDL by 3.18 and rounding the result to the number nearest to (1, 2, or 5) x 10n,
where n is an integer.

17.11 Must—This action, activity, or procedural step is required.

17.12 Ongoing precision and recovery (OPR)—A method blank spiked with known quantities of
analytes.  The OPR is analyzed exactly like a sample.  Its purpose is to assure that the results
produced by the laboratory remain within the limits specified in the referenced methods for
precision and accuracy.

17.13 Quality control sample (QCS)—A sample containing all or a subset of the analytes at known
concentrations.  The QCS is obtained from a source external to the laboratory or is prepared
from a source of standards different from the source of calibration standards.  It is used to check
laboratory performance with test materials prepared external to the normal preparation process.

17.14 Reagent water—Water demonstrated to be free of As, As species, and potentially interfering
substances at the MDLs for As and/or As species.

17.15 River Water—Freshwater containing arsenic species at concentrations below the MDLs. 

17.16 Should—This action, activity, or procedural step is suggested but not required.

17.17 Stock solution—A solution containing an analyte that is prepared using a reference material
traceable to EPA, the National Institute of Science and Technology (NIST), or a source that will
attest to the purity and authenticity of the reference material.
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18.0 Tables and Figures

TABLE 1.  ARSENIC SPECIATION ANALYSIS USING METHOD 1632: METHOD
DETECTION LIMIT (MDL) AND MINIMUM LEVEL (ML)1

Analyte

Water2 Tissue3

MDL ML MDL ML

Inorganic Arsenic (As+3 +As+5) 0.003 g/L 0.01 g/L 0.03 g/g 0.10 g/g

Arsenite (As+3) 0.003 g/L 0.01 g/L 0.02 g/g 0.10 g/g

Monomethylarsonic acid (MMA)  0.004 g/L 0.01 g/L 0.01 g/g 0.05 g/g

Dimethylarsinic acid (DMA)  0.02 g/L 0.05 g/L 0.04 g/g 0.10 g/g

1 MDL determined by the procedure in 40 CFR Part 136, Appendix B.
2 MDL for inorganic As in water was obtained from a validation study involving two
laboratories (Ref. 16.15).  MDL for As+3, MMA and DMA in water was obtained from data
provided by Frontier Geosciences (Ref. 16.16).
3 MDL for tissue was determined from spiked corn oil samples by Battelle Marine Sciences
Laboratory (Ref. 16.16).

TABLE 2.  QUALITY CONTROL ACCEPTANCE CRITERIA FOR EPA METHOD 16321

IPR (Section 9.2)
OPR

(Section 9.7)

Calibration
Verification
(Section 9.5)

MS/MSD
      (Section 9.3)

Analyte2 s X %R RPD

IA < 25% 60-140% 50-150% 80-120% 50-150% < 35%

As+3 < 25% 40-160% 30-170% 70-130% 30-170% < 35%

MMA < 20% 70-130% 60-140% 80-120% 60-140% < 25%

DMA < 30% 50-150% 40-160% 70-130% 40-160% < 40%

1 Acceptance criteria based on quality control data generated during As speciation analysis for the Cook
Inlet Study (1998).  Details can be found in Reference 16.16.
2 IA - Inorganic arsenic (As+3 + As+5); MMA - monomethylarsonic acid; DMA - dimethylarsinic acid.
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TABLE 3:  TYPICAL SPECTROPHOTOMETER SETTINGS

Parameter Typical Setting

EDL energy 59

EDL power 8 W

Wavelength 193.7 nm

Slit width 0.7 nm

TABLE 4:  TYPICAL FLOW RATES AND PRESSURES FOR GASES IN THE HYDRIDE
GENERATION SYSTEM

Gas Flow Rate (mL/min) Pressure (lb/in 2)

He 150 10

H2 350 20

Air 180 20
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1

1.0 INTRODUCTION 1

1.0.1 The purpose of this Technical Memorandum is to discuss the results of the arsenic 2
bioavailability study for the Spring Valley investigation.  This sampling was performed in 3
support of the OU-4 Remedial Investigation/Feasibility Study (RI/FS). The objective of this 4
limited study was to provide a better understanding of the site-specific bioavailability (that 5
fraction of arsenic absorbed into the bloodstream of the human body) of arsenic and to provide 6
the basis for modification of inputs to the risk assessment calculations.7

2.0 BACKGROUND 8

2.0.1 In August and September 1999, the United States Environmental Protection Agency 9
(USEPA) collected background soil samples in support of Spring Valley Operable Unit 3 (OU-3) 10
investigations (Background Trip Report, USEPA, January 2000).  These samples covered four 11
distinct soil types present in Spring Valley. 12

2.0.2 As an extension of the OU-3 investigations, a remedial investigation addressing a 13
geographically larger area of Spring Valley was undertaken as Operable Unit 4 (OU-4).  As part 14
of the OU-4 investigation, grid soil sampling for arsenic (As) was performed by Parsons 15
Engineering Science (Parsons ES) on a portion of the American University (AU) campus 16
designated AU Lot 12.  AU Lot 12 contains the Child Development Center (CDC).  The 17
sampling was performed to determine the extent and concentrations of arsenic in surface soils on 18
AU Lot 12 and the CDC.  All sampling at the CDC was performed in accordance with the Work 19
Management Plan (WMP) for OU-4, (Parsons ES, August 14, 2000, and Amendment 3 to the 20
WMP (October 1, 2002).21

2.0.3 Based on the results of the arsenic grid sampling, the three highest arsenic concentrations 22
inside the CDC and the three highest outside the CDC (but within AU Lot 12) were sampled for 23
bioavailability.  Additionally, six background samples representing the four soil types were 24
collected from the same locations the USEPA sampled; these were also analyzed for 25
bioavailability.  These samples were collected to match the soil types of the CDC/AU Lot 12 soil 26
and to ensure that each of the four soil types were represented for the purposes of comparing site 27
data and background data.  However, only three of the four soil types were present at the 28
CDC/AU Lot 12 area.29

3.0 SAMPLE COLLECTION 30

3.0.1 On March 15, 2001, the bioavailability samples were collected from the CDC and AU 31
Lot 12.  On March 19, 2001, the background locations were sampled for bioavailability analysis.  32
Figure 1-1 indicates the overall grid sampling and the bioavailability sampling locations for the 33
CDC/AU Lot 12.  Figure 1-2 shows the background sampling locations. Twelve (12) total 34
samples, not including Quality Control (QC) samples, were collected. In addition to these 12 35
samples, a field duplicate and a matrix spike/matrix spike duplicate (MS/MSD) were collected 36
(see Table 1.1).37

3.0.2 All samples were collected as discrete surface soil samples, from 0-6 inches in depth.  38
The soil types are indicated on Table 1.1.39
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3.0.3 The samples were submitted to the Laboratory for Environmental and Geological Studies, 1
University of Colorado, at Boulder, care of Dr. John W. Drexler.  Specifically, samples were 2
submitted for determinations of the bioavailability of arsenic from soil. In addition, a 3
determination of the types of particles (inorganic vs. organic) that contain bound arsenic was 4
conducted.  The report of results, which is included as Attachment A, contains a description of 5
analytical methodologies. 6

4.0 RESULTS AND UNCERTAINTY DISCUSSION 7

4.0.1 Of the fifteen samples (including QA/QC) analyzed for bioavailability, only eleven 8
samples had detectable concentrations in the test solution that could be used to derive a percent 9
bioavailability (Table 1.2 and Attachment A).  For those samples with detectable concentrations, 10
the percent bioavailability ranged from 3 to 50 percent.  As noted in Attachment A, at the time 11
these experiments took place, the method was reported to correlate with the best available in vivo12
model for determining bioavailability, the juvenile swine model.  In numerous historical in vivo13
studies the swine model closely models the digestive tracts of humans.  However, the in vitro14
model was used because there was sufficient correlation to the in vivo model at a substantially 15
reduced cost. 16

4.0.2 The data presented in Attachment A can be interpreted to conclude that risk estimates 17
derived using detected concentrations of arsenic will likely overestimate the potential risks and 18
hazards associated with exposures to the soils.  Based on a bioavailability factor of 3%, these 19
risks and hazards will be overestimated by up to a factor of 33 and clean-up criteria developed 20
without accounting for bioavailability will result in criteria that can be up to 33 times too 21
stringent.  Even using the most conservative of these bioavailability values  (i.e., 50%) results in 22
the reduction of risk and hazard estimates by one-half and an increase of the calculated clean-up 23
criteria by a factor of two.  Attachment A is the laboratory report of data and does not directly 24
address the overestimation of potential risks and hazards associated with exposures to the soils 25
based on the bioavailability results.26

4.0.3 In addition to the bioavailability study, a determination of the types of arsenic-bearing 27
particles was conducted using both electron microprobe and chemical analysis.    As noted in 28
Attachment A, for the electron microprobe analysis (EMPA), data were acquired on only five 29
samples because of low bulk arsenic concentrations resulting in a limited data set.  In general the 30
data indicated the arsenic bearing phases to be either iron oxides, manganese oxides, iron arsenic 31
sulfates or clays as determined by particle analysis (Attachment A, Table 2).  An interpretation 32
of the data, when compared to the bioavailability data discussed above, show that for the four 33
samples where the arsenic bearing phase was predominantly iron oxides (97 – 100%) and where 34
clays were not identified as an arsenic bearing phase, the bioavailability ranged from 7 – 22%.  35
For the single sample that had clays identified as an arsenic bearing phase (OU4-CDC, 150,140), 36
the bioavailability was determined to be 50%.  Data from the single sample suggests that arsenic 37
in clays may be more bioavailable and that risk estimates will likely be overestimated for soils 38
where the arsenic bearing phase is exclusive of clays.  Conclusions about correlations between 39
arsenic-bearing clays and bioavailability were not provided in Attachment A. 40

41
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TABLE  1.2 1
Bioavailability Results 2

Spring Valley OU-4 3

4

5.0. CONCLUSION 5

5.0.1 The oral toxicity values used in risk assessments are based on epidemiology studies of 6
human populations exposed to arsenic in drinking water (EPA, 2001).  However, arsenic 7
rendered insoluble in the soil will have reduced absorption.  Studies in laboratory animals 8
indicate that arsenic absorption is reduced in soils (Battelle, 2000).  These studies indicate that 9
arsenic in soil is typically one-half to one-tenth as bioavailable as arsenic in water.  Therefore, 10
the literature supports relative bioavailability adjustments ranging from 0.5 to 0.1 (Battelle, 11
2000).  Simple extraction tests have shown good correlation in predicting bioavailability of 12
arsenic to humans (Battelle, 2000; Casteel et al., 2001).  In these systems, soils containing 13
arsenic are incubated in a solution in a system that represents the human gastrointestinal system.  14
The fraction of arsenic that dissolves represents the fraction that is available for absorption.15

Run at 1.5pH for 1 hr @ 39*c D
at

e 
Sa

m
pl

ed

Fi
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d 
N

um
be

rs

A
s 

in
 b

ul
k 

so
il 

(m
g/

kg
)

A
s%

 b
io

av
ai

la
bi

lit
y

OU4-AU12 (180,200) 15-Mar-01 Par-1 215 8

OU4-BS-UlMg (PP) 19-Mar-01 Par-2 3 3

OU4-BS-Mg (DRG) 19-Mar-01 Par-3 1

OU4-BS-ULB-MS/MSD 19-Mar-01 Par-4 2 15

OU4-BS-ULB (GP) 19-Mar-01 Par-5 2 5

OU4-AU12 (200,200) 15-Mar-01 Par-6 235 7

OU4-CDC-(130,140) 15-Mar-01 Par-7 12 7

OU4-CDC (150,140) 15-Mar-01 Par-8 154 50

OU4-AU12 (200,180) 15-Mar-01 Par-9 113 8

OU4-BS-ULSC (FRP) 19-Mar-01 Par-10 5 14

OU4-CDC (160,150) 15-Mar-01 Par-11 178 22

OU4-BSMg (BKP) 19-Mar-01 Par-12 3

OU4-BS-UlMg (TP) 19-Mar-01 Par-13 3

QA/QC

Blank NA\1

OU4-BS-UlMg (TP) Dup NA\1 Par-14 3

OU4-CDC-DUP (of CDC 160, 150) 15-Mar-01 Par-15 178 23

\1 Internal Lab QA/QC
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5.0.2  Overall the bioavailability experiments indicate that risks and hazards may be 1
overestimated if these factors are not incorporated quantitatively.   Due to the limited amount of 2
data available, a regression model was not developed to determine a bioavailability adjustment 3
factor (BAF) for use at Spring Valley.  However, conservative assumptions can be made.  The 4
most conservative assumption would be to use a BAF of 50%, based on the single highest 5
bioavailability obtained from any sample.  The range of bioavailability in the remaining samples 6
was lower, 3%-22%, with a mean of 10%. 7

5.0.3 Because of the limitations of the study, the arsenic bioavailability findings were not relied 8
upon to make Spring Valley project decisions.  Neither the 12.6 ppm arsenic screening level nor 9
the 20 ppm arsenic remediation endpoint was based on the results of this study. 10

11

6.0. REFERENCES 12

6.0.1 Battelle and Exponent, 2000.  Guide for Incorporating Bioavailability Adjustments into 13
Human Health and Ecological Risk Assessments at U.S. Navy and Marine Corps Facilities.  Part 14
1: Overview of Metals Bioavailability.  Prepared for Naval Facilities Engineering Service 15
Center.  July 2000.16

6.0.2 Casteel, S; Evans, T; Turk , J; Basta, N; Weis, C; Henningsen, G; Hoffman, M (2001) 17
Refining the Risk Assessment of Metal-contaminated Soils.  Int J Hyg Environ Health 203(5-6): 18
473-474.19
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INTRODUCTION1
2

Fifteen samples, including QA/QC, were sent to the laboratory for bioavailability and 3
arsenic-bearing particle content (by EMPA), by Parsons.  A representative split of each 4
sample was collected for both analyses.  Bioavailability results are listed in Table 1.  5
EMPA results were only acquired on five samples because of low bulk arsenic 6
concentrations.  The results are listed in Table 2 along with a 95% Confidence Interval 7
(CI) and graphically in Figures 2 through 6.  Particle-size data is compiled in Figure 1.  8
Bulk total arsenic data are reported in Table 3. 9

10
EMPA analysis indicates that over 90% of the arsenic mass has been sorbed to iron 11
oxides. These oxides have a mean particle-size of 35 microns and contain an average of 12
4,600 mg/kg arsenic.  No primary forms of arsenic (e.g., arsenic trioxide, lead arsenate, 13
sodium arsenate) were found. 14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Run at 1.5pH for 1 hr @ 
39*c

Field 
Numbers

OU4-Au12 (180,200) Par-1 215 1.00006 0.22 0.162 0.1 8 1.554

OU4-BS-Ulmg (PP) Par-2 3 1.00573 0.00 0.001 0.1 3 1.545
OU4-BS-Mg (DRG) Par-3 1 1.00264 0.00 DL 0.1  1.545
OU4-BS-ULB-MS/MSD Par-4 2 1.00119 0.00 0.003 0.1 15 1.543

OU4-BS-ULB (GP) Par-5 2 1.00409 0.00 0.001 0.1 5 1.54

OU4-Au12 (200,200) Par-6 235 1.00508 0.24 0.164 0.1 7 1.538
OU4-CDC-(130,140) Par-7 12 1.00206 0.01 0.008 0.1 7 1.558
OU4-CDC (150,140) Par-8 154 1.00151 0.15 0.776 0.1 50 1.548

OU4-Au12 (200,180) Par-9 113 1.00268 0.11 0.092 0.1 8 1.542

OU4-BS-ULSC (FRP) Par-10 5 1.00094 0.01 0.007 0.1 14 1.6
OU4-CDC (160,150) Par-11 178 1.0012 0.18 0.399 0.1 22 1.589

OU4-BSmg (BKP) Par-12 3 1.00797 0.00 DL 0.1  1.568
OU4-BS-Ulmg (TP) Par-13 3 0.99993 0.00 DL 0.1  1.562

QA/QC
Blank 0.002 1.564

OU4-BS-Ulmg (TP) Dup Par-14 3 1.00136 0.00 DL 0.1  1.561

OU4-CDC-DUP (of 160, 150) Par-15 178 1.00458 0.18 0.404 0.1 23 1.543

TABLE 1.                                                                      
Spring Valley Sampling - Bioavailability Results
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1
2

TABLE 2. 3
EMPA Results Frequency of Occurrence and Error Summary. 4

5
6

OU4-AU12  +/- OU4 AU12 +/- OU4 CDC  +/- 7
200,200 95% CI 200,180 95% CI 160,150      95% CI 8

9
FeOOH 100% 95-100% 97% 87-99% 100%  10

11
MnOOH    3% 1-13% 12

13
Clays 14

15
Fe-As Sulfate Tr  16

17
Particles 107   44  152 18
Counted19

20
21
22
23
24

 OU4-AU12 +/- OU4 CDC +/-  
180,200 95% CI 150,140 95% CI  

FeOOH 100% 88% 78-93% 

MnOOH

Clays 12% 6-21% 

Fe-As Sulfate 

Particles 121 77 
Counted
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TABLE 3.1
Bulk Total Arsenic in Soils. 2

3
Sample ID. As mg/kg Dil. factor  Wt gr Lab4

5
<2 mm soil split 6

7
OU4-Au 12 (180,200) 231.5 49.67759 1.00649 F-1 8
OU4-BS-Ulmg (PP) 3.7 49.89422 1.00212 F-2 9
OU4-BS-mg (DRG) 1.0 49.62631 1.00753 F-3 10
OU4-BS-ULB-MS/MSD 2.3 49.88526 1.0023 F-4 11
OU4-BS-ULB (GP) 1.9 49.83604 1.00329 F-5 12
OU4-CDC-Dup (160,150) 188.6 49.7458 1.00511 F-6 13
OU4-Au 12 (200,200) 275.2 49.73293 1.00537 F-7 14
OU4-CDC- (130,140) 11.3 49.62976 1.00746 F-8 15
OU4-CDC (150,140) 194.7 49.83306 1.00335 F-9 16
OU4-Au 12 (200,180) 119.5 49.74877 1.00505 F-10 17
OU4-BS-ULSC (FRP) 6.3 49.94406 1.00112 F-11 18
OU4-CDC (160,150) 297.0 49.9885 1.00023 F-12 19
OU4-BSmg (BKP) 3.1 50.02051 0.99959 F-13 20
OU4-BS-Ulmg (TP) 3.6 49.91714 1.00166 F-14 21
OU4-BS-Ulmg (TP)-dup 3.5 49.91714 1.00166 F-15 22

23
Blank-process-2mm 0.1 50 1 F-16 24

25
<250um soil split 26

27
OU4-Au12 (180,200) 214.8 49.86139 1.00278 F-17 28
OU4-BS-Ulmg (PP) 3.1 49.60859 1.00789 F-18 29
OU4-BS-mg (DRG) 0.8 49.9925 1.00015 F-19 30
OU4-BS-ULB-MS/MSD 1.7 49.96902 1.00062 F-20 31
OU4-BS-ULB (GP) 1.9 49.82809 1.00345 F-21 32
OU4-CDC-Dup (160,150) 178.8 49.85095 1.00299 F-22 33
OU4-Au 12 (200,200) 235.1 49.75718 1.00488 F-23 34
OU4-CDC- (130,140) 12.0 49.75124 1.005 F-24 35
OU4-CDC (150,140) 153.7 49.95953 1.00081 F-25 36
OU4-Au 12 (200,180) 112.6 49.77948 1.00443 F-26 37
OU4-BS-ULSC (FRP) 4.8 49.66624 1.00672 F-27 38
OU4-CDC (160,150) 178.2 49.89074 1.00219 F-28 39
OU4-BSmg (BKP) 2.9 49.90917 1.00182 F-29 40
OU4-BS-Ulmg (TP) 3.3 49.96353 1.00073 F-30 41
OU4-BS-Ulmg (TP)-dup 2.8 49.96353 1.00073 F-31 42

43
Blank-process-250um -0.1 50 1 F-32 44

45
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METHODS1

The arsenic-bearing particle analysis was conducted on a JOEL 8600 electron microprobe 2
(EMPA) at the Laboratory for Geological Studies at the University of Colorado following the 3
laboratory’s SOP.  The only exception to the SOP was that the complete sample was used for 4
analysis.  Representative backscatter photomicrographs (BSPM) illustrating sample 5
characteristics were acquired. 6

Data from EMPA will be summarized using two methods. The first method is the 7
determination of FREQUENCY OF OCCURRENCE. This is calculated by summing the 8
longest dimension of all the arsenic-bearing phases observed and then dividing each phase by 9
the total.  Equation 1.0 will serve as an example to the calculation for an arsenic bearing 10
compound. 11

12

13
14

This data thus illustrates which arsenic-bearing phase(s) are the most commonly observed in the 15
sample or relative volume percent. 16

The second calculation used in this report is the determination of RELATIVE MASS of a metal-17
bearing phase. These data are calculated (using arsenic as an example) by substituting the PLD 18
term in the equation above with the value of MAS.  This term is calculated as defined below. 19

MAS  Mass of arsenic in a phase 20

SG  Specific Gravity of a phase 21

PPM As - Concentration in ppm of arsenic in phase 22

MAS = FAS * SG * ppmAS23
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The advantage in reviewing the RELATIVE ARSENIC MASS determinations is that it gives 1
one information as to which metal-bearing phase(s) in a sample are likely to control the total 2
bulk concentration for arsenic. As an example, PHASE- I may by relative volume comprise 3
98% of the sample, however it has a low specific gravity and contains only 1000 ppm arsenic, 4
while PHASE-2 comprises 2% of the sample, has a high specific gravity and contains 850,000 5
ppm of arsenic. In this example it is PHASE-2 that is the dominant source of arsenic to the 6
sample. 7

Sample Preparation 8

1) Logging the samples of which polished mounts will be prepared 9

2) Inspection of all plastic cups, making sure each is clean and dry 10

3) Labeling each "mold" with its corresponding sample number. 11

4) All samples will be split to produce a homogeneous 1-4 gram sample. 12

5) Mixing epoxy resin and hardener according to manufacturer's directions. 13

6) Pour 1 gram of sample into mold.  Double checking to make sure sample numbers on 14
mold and sample match.  Pouring epoxy into mold to just cover sample grains. 15

7) Using a new wood stirring stick with each sample, carefully blend epoxy and grains so as 16
to coat all grains with epoxy. 17

8) Setting molds to cure at ROOM TEMPERATURE in a clean restricted area. Adding 18
labels with sample numbers and covering with more epoxy resin. Leaving to cure 19
completely at room temperature. 20

9) One at a time, removing each sample from its mold and grinding flat the back side of the 21
mount.22

10) Using 600 grit wet abrasive paper stretched across a grinding wheel for removing the 23
bottom layer and exposing as many mineral grains as possible. Follow with 1000 grit 24
paper.25

11) Start polishing with 15A oil based diamond paste on a polishing paper fixed to a lap. 26
Using paper instead of cloth minimizes relief. 27

12) Next use 6 A diamond polish on a similar lap. 28

13) Finally polish the sample with 1A oil based diamond past on polishing paper. Followed 29
by .05 � alumina in water suspension. The quality should be checked after each step. 30
Typical polishing times are 30 minutes for 15�, 20 minutes for 6�, 15 minutes for 1� and 31
10 minutes for .05�.32

 NOTE:   Use low speed on the polishing laps to avoid "plucking" of sample grains. 33
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14) Samples should be completely cleaned in an ultrasonic cleaner with isopropyl alcohol or 1
similar solvent to remove oil and finger prints. 2

15) To ensure that no particles of arsenic are being cross contaminated with sample 3
preparation procedures, a blank (epoxy only) mold will be made every 50th sample 4
following all of the above procedures. This mold will then be speciated along with the 5
other samples. 6

16) Each sample be carbon coated. Once coated the samples should be stored in a clean, dry 7
environment with the carbon surface protected from scratches or handling. 8

POINT COUNTING 9

Counts are made by traversing each sample from left-to-right and top-to-bottom. The amount of 10
vertical movement for each traverse would depend on magnification and CRT (cathode-ray 11

tube) size. This movement should be minimized so that NO portion of the sample is missed when 12
the end of a traverse is reached. Two magnification settings should be used. One ranging from 13
40-1 OOX and a second from 300-60OX. The last setting will allow one to find the smallest 14
identifiable (1-2 micron) phases. 15

The portion of the sample examined in the second pass, under the higher magnification, will 16
depend on the time available, the number of arsenic-bearing particles, and the complexity of 17
metal mineralogy.  A maximum of 8 hours will be spent per sample. 18

INVITRO PROCEDURE 19

Bioavailabilty was conducted using the method developed at the University of Colorado, 20
Boulder and calibrated to EPA's Region VIII Swine Model Medlin and Drexler, 1996, Medlin, 21
1997, Drexler, 1997. The method has a high level of correlation to the Swine Model for lead (r-22
0.96), however, at present the correlation for arsenic is not as good (r-0.82). Based on these data 23
it is recommended that one interpret arsenic bioavailability results with greater caution. 24

The method follows a carefully designed laboratory SOP, which is available on request. The 25
procedure uses 1.0 grams of the <250/.tm size fraction, this material is placed in 125ml wide-26
mouth HDPE bottles along with 100ml of 1.5 pH stomach solution. The mixture is rotated end-27
on-end at 37 degrees C in a water bath for one hour. After one hour 10 ml of sample is removed, 28
filtered (0.454m), and analyzed for lead and/or arsenic following Methods 601 OB, 6020, or 706 29
IA. Results from this extraction procedure are then used to calculated bioavailable lead and/or 30
arsenic from the bulk <250jzm concentrations. 31

PRECISION AND ACCURACY 32

The precision of the EMPA data will be determined based on sample duplicates run every 20 33
samples. The accuracy of the analysis will be estimated from a statistical evaluation of point 34
counting data based on the method of Mosimann (1965). 35
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Quantitative elemental analysis, primarily performed on slag or other phases that have variable 1
metal contents, will have precision and accuracy evaluated on counting statistics and standard 2
reproducibility.3

Quality control for the in vitro bioavailability procedure will consist of: 4

Regent Blank 1: 10 5
Bottle Spike 1:20 6
Blank Spike 1:20 7
Duplicate Sample 1: 10 8
Matrix Spikes 1: 10 9
LCS 1:20 10
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1.0 INTRODUCTION 1

1.0.1 The purpose of this Technical Memorandum is to discuss the results of the Synthetic 2
Precipitation Leaching Procedure (SPLP) arsenic study for the Spring Valley investigation.  The 3
SPLP sampling was performed in support of the Operable Unit (OU) 3 Engineering 4
Evaluation/Cost Analysis (EE/CA) and the OU-4 Remedial Investigation/Feasibility Study 5
(RI/FS).  The objective is to help evaluate the potential leachability of arsenic from the soil to 6
groundwater.  Specifically, the objective is to determine the concentration of arsenic in soil that, 7
upon leaching from soil to groundwater, will not result in an arsenic concentration that exceeds 8
the groundwater Maximum Contaminant Level (MCL). 9

2.0 BACKGROUND 10

2.0.1 In November 1999, Parsons collected surficial soil samples from a grid system that 11
overlaid the property at 4801 Glenbrook Road, adjacent to American University (AU).  This grid 12
covered the area between the former location of circa 1918 buildings associated with the Former 13
American University Experiment Station (AUES) and the two disposal pits (Anomalies 1 and 2) 14
of the OU-3 investigation.  The grid also covered those areas where elevated levels of arsenic 15
were detected in the surficial soils during United States Environmental Protection Agency 16
(USEPA) soil sampling events.  The objective of the November 1999 sampling event was to 17
determine the presence of localized areas containing elevated levels of arsenic. 18

2.0.2 On February 22 through 24, 2000 and May 8 and 9, 2000, Parsons collected additional 19
soil samples at 4801 Glenbrook Road in support of the OU-3 EE/CA.  SPLP samples were 20
collected from grids of 4801 Glenbrook during the May 2000 event.  All sampling for the OU-3 21
EE/CA was performed in accordance with Change 05, Revised Sampling and Analysis Plan, 22
4801 Glenbrook Road, May 2000.  Five different soil types were represented by all the SPLP 23
samples collected. 24

2.0.3 The RI/FS investigation addresses Spring Valley Operable Unit 4 (OU-4).  As part of this 25
investigation, grid soil sampling was performed by Parsons ES on a portion of the AU campus 26
designated AU Lot 12.  AU Lot 12 contains the Child Development Center (CDC).  The 27
sampling was performed to determine the extent and concentrations of arsenic (As) in surface 28
soils on AU Lot 12 and the CDC.  All sampling at the CDC was performed in accordance with 29
the Work Management Plan (WMP) for OU-4, (Parsons ES, August 14, 2000, and Amendment 1 30
to the WMP (February 19, 2001).31

2.0.4 The 4801 Glenbrook Road property and the CDC are approximately 400 feet apart. 32

3.0 SPLP METHODS 33

3.0.1 According to USEPA guidance (USEPA, 1996), a leach test may be more useful than a 34
soil/water partition equation, depending on the constituents of the soil.  This guidance suggests 35
using the USEPA SPLP method (USEPA, 1994) which is appropriate for a contaminated soil 36
scenario.  The procedure is more appropriate to help evaluate the potential leachability of arsenic 37
from the soil to groundwater. 38
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3.0.2 USEPA guidance (USEPA, 1995) states that the SPLP was originally designed as an 1
alternative to the Toxicity Characteristic Leaching Procedure (TCLP).  Like the TCLP, the SPLP 2
is designed to determine the mobility of both organic and inorganic contaminants contained in 3
wastes.  The SPLP is intended to simulate the effect of acid rain on land-disposed wastes.  The 4
specific procedures for conducting the test are similar in many ways to the procedures employed 5
for the TCLP (e.g., where solids are being tested, particle size must be reduced and a liquid 6
extract obtained using a leaching medium).  The primary difference between the two tests is the 7
composition of the leaching medium.  While the TCLP relies on extraction fluids that simulate 8
the organic acids that would form from decomposing wastes in a landfill, the SPLP requires the 9
use of extraction fluids that simulate acid rain.   10

4.0 SAMPLE COLLECTION 11

4.0.1 Parsons collected soil samples at 4801 Glenbrook Road on May 8 and 9, 2000.  Of the 12
samples collected, 38 were designated for SPLP analysis.  SPLP samples from varying depths 13
were collected from eleven grids at 4801 Glenbrook as shown on Figure 1-1.  Table 1.1 indicates 14
the sample designation, or identification number, and depth of each of these 38 samples along 15
with the 4 duplicate samples, for a total of 42 samples.  Sample depth was important for arsenic 16
vertical extent determinations; SPLP results were not expected to be a function of depth. 17

4.0.2 On January 4 and 5, 2001, surface samples were collected from the grids located at AU 18
Lot 12 and the grids at the CDC and submitted for arsenic (As) analysis.  On February 21, 2001, 19
composited 0-2 foot intervals from the grids with the highest 5% of As concentrations (4 total 20
samples) within the CDC were analyzed for SPLP arsenic.  These four samples were collected 21
from the center of the grid where the original surface sample was taken.  The locations of these 22
samples are shown on Figure 1-2 (note that the structures in the playground shown in Figure 1-2 23
were removed following remediation of this area). 24

4.0.3 The soil types and sample descriptions are indicated on Table 1.2.  The soil 25
type/description is provided since the physical characteristics of the soils may affect leachability 26
(e.g., clay soils are usually less susceptible to leaching than sandy soils).  However, SPLP 27
samples were collected based on arsenic content, not specific soil types; no correlation is drawn 28
between samples from different soil types and the SPLP results.  For the 4801 samples, only the 29
samples that had detectable SPLP arsenic are shown.   30

5.0 RESULTS AND UNCERTAINTY DISCUSSION 31

5.0.1 SPLP results are shown in Table 1.1.  The CDC arsenic results are from discrete samples 32
collected from 0-6 inches while the SPLP result is a composite of 0-24 inches from that same 33
location.  Of the 46 samples (43 samples and 3 duplicates) analyzed for SPLP As, 39 samples did 34
not contain detectable amounts of leachable arsenic.  Of the seven samples that contained 35
detectable leachable arsenic, two were from the CDC and five were from 4801 Glenbrook soil. 36
5.0.2 The objective of the study is to determine the concentration of arsenic in soil that, upon 37
leaching from soil to groundwater, will not result in an arsenic concentration that exceeds the 38
groundwater Maximum Contaminant Level (MCL).  Six of the seven samples (total arsenic of 39
11.5, 25.9, 16, 66.2, 217, and 668 mg/kg) with detectable arsenic in leachate had a high 40
correlation between soil concentration and leachability.  The correlation coefficient for these six 41
samples is 0.99.  When the seventh detected sample (total arsenic of 498 mg/kg) is included in42
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Table 1.1 1
SPLP Results for 4801 Glenbrook Road and CDC Sampling 2

Spring Valley Operable Units 3 and 4 3
SAMPLE COLLECTION MATRIX SAMPLE  DEPTH PARAMETER SOIL

ID\1 DATE  LOCATION (ft) Arsenic Arsenic (SPLP) TYPE
    mg/kg �g/L�

OU3-MTLSB-70,40 5/8/2000 Soil 70,40 0 - 2 14.2 J\1 50 U\1 ULMg
OU3-MTLSB-70,40 5/8/2000 Soil 70,40 2 - 4 4.7 J 50 U ULMg

OU3-MTLSB-90,140 5/8/2000 Soil 90,140 0 - 2 25.7 J 50 U ULMg
OU3-MTLSB-90,140 5/8/2000 Soil 90,140 2 - 4 5.0 J 50 U ULMg
OU3-MTLSB-0,90\2 5/9/2000 Soil 90,140 2 - 4 2.9  50 U ULMg
OU3-MTLSB-90,140 5/8/2000 Soil 90,140 4 - 6 2.9 J 50 U Sapr 

OU3-MTLSB-0,100 5/8/2000 Soil 0,100 0 - 2 66.2 J 9.7 J ULSC
OU3-MTLSB-0,100 5/8/2000 Soil 0,100 2 - 4 14.5 J 50 U ULSC
OU3-MTLSB-0,100 5/8/2000 Soil 0,100 4 - 6 11.5 J 4.7 J Sapr 

OU3-MTLSB-140,20 5/8/2000 Soil 140,20 0 - 2 4.8 J 50 U ULMg
OU3-MTLSB-140,20 5/8/2000 Soil 140,20 2 - 4 6.5 J 50 U ULMg
OU3-MTLSB-0,70\2 5/8/2000 Soil 140,20 2 - 4 6.3  --  ULMg
OU3-MTLSB-140,20 5/8/2000 Soil 140,20 4 - 6 2.8 J 50 U ULMg

OU3-MTLSB-140,120 5/8/2000 Soil 140,120 0 - 2 25.9 J 6.3 J ULB 
OU3-MTLSB-140,120 5/8/2000 Soil 140,120 2 - 4 7.9 J 50 U ULB 
OU3-MTLSB-140,120 5/8/2000 Soil 140,120 4 - 6 4.3 J 50 U ULB 
OU3-MTLSB-70,100\2 5/8/2000 Soil 140,120 4 - 6 2.6  50 U ULB 

OU3-MTLSB-0,80 5/9/2000 Soil 0,80 0 - 2 668  143 J ULSC
OU3-MTLSB-0,80 5/9/2000 Soil 0,80 2 - 4 12.1  50 U ULSC
OU3-MTLSB-0,80 5/9/2000 Soil 0,80 4 - 6 6.5  50 U Sapr 

OU3-MTLSB-280,0 5/9/2000 Soil 280,0 0 - 2 2.6   50 U ULMg
OU3-MTLSB-280,0 5/9/2000 Soil 280,0 2 - 4 2.9  50 U ULMg
OU3-MTLSB-280,0 5/9/2000 Soil 280,0 4 - 6 2.3  50 U Sapr 

OU3-MTLSB-360,-40 5/9/2000 Soil 360,-40 0 - 2 1.7  50 U ULMg
OU3-MTLSB-360,-40 5/9/2000 Soil 360,-40 2 - 4 4.0  50 U ULMg
OU3-MTLSB-360,-40 5/9/2000 Soil 360,-40 4 - 6 1.1  50 U ULMg
OU3-MTLSB-360,-40 5/9/2000 Soil 360,-40 6 - 8 1.8  50 U Sapr 
OU3-MTLSB-360,-40 5/9/2000 Soil 360,-40 8 - 10 2.3  50 U Sapr 
OU3-MTLSB-70,70\2 5/9/2000 Soil 360,-40 8 - 10 1.7  50 U Sapr 
OU3-MTLSB-360,-40 5/9/2000 Soil 360,-40 10 - 12 1.5  50 U Sapr 

OU3-MTLSB-360,40 5/9/2000 Soil 360,40 0 - 2 4.4  50 U ULMg
OU3-MTLSB-360,40 5/9/2000 Soil 360,40 2 - 4 1.3  50 U ULMg
OU3-MTLSB-360,40 5/9/2000 Soil 360,40 4 - 6 1.3  50 U Sapr 
OU3-MTLSB-360,40 5/9/2000 Soil 360,40 6 - 8 1.5  50 U Sapr 
OU3-MTLSB-360,40 5/9/2000 Soil 360,40 8 - 10 2.6  50 U Sapr 
OU3-MTLSB-360,40 5/9/2000 Soil 360,40 10 - 12 1.5  50 U Sapr 

OU3-MTLSB-400,0 5/9/2000 Soil 400,0 0 - 2 2.4  50 U ULMg
OU3-MTLSB-400,0 5/9/2000 Soil 400,0 2 - 4 1.6  50 U ULMg
OU3-MTLSB-400,0 5/9/2000 Soil 400,0 4 - 6 1.5  50 U Sapr 

OU3-MTLSB-420,120 5/9/2000 Soil 420,120 0 - 2 6.2  50 U ULMg
OU3-MTLSB-420,120 5/9/2000 Soil 420,120 2 - 4 16.0  6.4 J ULMg
OU3-MTLSB-420,120 5/9/2000 Soil 420,120 4 - 6 4.8  50 U ULMg

OU4-CDC-(130,140)\3 2/21/2001 Soil 130,140 0 - 2 278  50 U ULMg
OU4-CDC-(140, 160)\3 2/21/2001 Soil 140, 160 0 - 2 217  32.7 J ULMg
OU4-CDC-(150, 140)\3 2/21/2001 Soil  150, 140 0 - 2 498  871  Mg 
OU4-CDC-(160, 150)\3 2/21/2001 Soil  160, 150 0 - 2 246  50 U ULB 
CDC-TCRA (140,120)-11 9/12/2001 Soil 140,120 10.5-11 4.6 U 50 U Sapr 
\1 U = nondetect; J = estimated value       
\2 - Duplicate Sample.       
\3 - Total arsenic samples at the CDC were collected on 01/05/2001, at a depth of 0-6".     

4
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Table 1.2 1
Soil Types for CDC Samples and 4801 Detectable SPLP As Samples 2

Spring Valley Operable Units 3 and 4 3

OU4-CDC-(130,140) Reddish brown to rusty brown clay with sand grains/quartz. Urban Land Manor Glenelg (ULMg) 
OU4-CDC-(140,160)  Brown to yellow brown clay Urban Land Manor Glenelg (ULMg) 
OU4-CDC-(150,140) Brown to tan silty sand. Manor Glenelg (Mg) 
OU4-CDC-(160,150 ) Brown silty sand with some quartz and rocks Urban Land Brandywine (ULB) 

OU3-MTLSB-0,100 (0-2') Brown clay with pebbles. Urban Land Sassafras Chillum 
(ULSC) 

OU3-MTLSB-0,100 (4-6') Brown sandy clay to weathered rock with mica and remnant 
structures.

Saprolite 

OU3-MTLSB-140,120 (0-2') Dark brown silty sand to brown clayey sand. Urban Land Brandywine (ULB) 
OU3-MTLSB-0,80 (0-2') Brown silty soil with quartz to brown clay Urban Land Sassafras Chillum 

(ULSC) 
OU3-MTLSB-420,120 (2-4') Black wet fine silt. Silt from stream. Urban Land Manor Glenelg (ULMg) 

4

the data set the correlation coefficient drops to 0.36.  It is not known why the results of this 5
sample resulted in such an anomalously high leachate concentration (i.e., 871 ug/L).  A possible 6
explanation may be that this sample was Manor Glenelg soil, which in general has a higher sand 7
content and thus may leach arsenic more readily.  However, the field description did not indicate 8
a particularly sandy specimen and there are not enough samples collected from this soil type to 9
make this determination.  As shown in Figure 1-3, the linear regression equation (y = 4.69X + 10
9.07, where y = soil concentration in mg/kg and x = predicted leachate concentration in ug/L) 11
produced by the other six samples results in an estimated leachate concentration of only 104 12
ug/L from a soil concentration of 498 mg/kg. 13

5.0.3 Using the linear regression equation from the six samples with high correlation indicates 14
that concentrations in soils up to 244 mg/kg would not result in an exceedance of the MCL of 50 15
ug/L.  Using these data, the highest measured concentration that did not produce an SPLP result 16
that exceeded the MCL was 217 mg/kg.   17

5.0.4 Figure 1-4 indicates that if the anomalously high SPLP result is used, the response is no 18
longer linear.  In this case, the data indicate that the highest arsenic concentration that did not 19
exceed the MCL of 50 ug/L was 217 mg/kg. 20

5.0.5 One uncertainty to address is the reduction of the MCL in the near future 21
(http://www.epa.gov/epahome/headline_110101.htm).  A revised MCL of 10 ug/L was proposed 22
in the Federal Register (66 FR 6975) on January 22, 2001, and subsequently delayed on March 23
23, 2001 (66 FR 16134).  The USEPA announced on October 31, 2001 in a letter to a 24
congressional committee that this change will be made; the effective date for this rule change 25
will not be known until formal notice appears in the Federal Register.  Based on this, the data 26
were re-evaluated using the methods discussed above.  Using the linear regression equation from 27
the six samples with high correlation results in a calculated soil concentration of 56 mg/kg to 28
reach the MCL of 10 ug/L (Figure 1-3).  Using all the data points (non-linear response shown on 29
Figure 1-4), the highest measured concentration that did not produce an SPLP result that 30
exceeded the MCL of 10 ug/L was 66.2 mg/kg. 31
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5.0.6 An additional uncertainty involves the qualification of some of the total arsenic data 1
following the validation process.  Some data were flagged as estimated (J) either because the 2
reported value was less than the practical quantitation limit or some other minor QC problem 3
was identified.  However, ‘J’ flagged data are still considered usable for most decision-making 4
purposes.5

5.0.7 Finally, the recommendations are based on the assumption of removal actions for arsenic 6
contaminated soil (greater than 20 mg/kg).  Arsenic in soil greater than 217 mg/kg or 66.2 mg/kg 7
that has been present for many years may require a groundwater investigation to determine 8
whether leaching of arsenic in significant concentrations has occurred.9

6.0 CONCLUSION 10

6.0.1 USEPA Method 1312, SPLP, was used to evaluate the potential for arsenic to leach from 11
soils into ground and surface water.  This method is intended to provide a realistic assessment of 12
metal mobility under actual field conditions, (i.e., when it snows or rains).  A total of 46 samples 13
(42 original samples and 4 from the CDC) were collected and subjected to the procedure.  Of 14
these 46 samples, only seven resulted in detectable concentrations of arsenic in the leachate.15

6.0.2 Using all the data points, a soil concentration of 217 mg/kg arsenic was the highest that 16
did not exceed the 50 ug/L MCL.  Using all the data points, a soil concentration of 66.2 mg/kg 17
arsenic was the highest that did not exceed the proposed 10 ug/L MCL. 18

6.0.3 Using the linear regression equation from the six samples with high correlation indicates 19
that concentrations in soils up to 244 mg/kg would not result in an exceedance of the MCL of 50 20
ug/L.  Using the same linear regression equation from the six samples with high correlation, a 21
soil concentration of up to 56 mg/kg would not exceed the proposed MCL of 10 ug/L. 22

6.0.4 In conclusion, it is recommended that a concentration of 217 mg/kg arsenic in soil be 23
used to screen soil samples for protection of groundwater with an MCL of 50 ug/L.  When the 24
MCL is lowered to 10 ug/L, a concentration of 66.2 mg/kg is recommended for screening 25
purposes.  These screening concentrations suggest that arsenic leaching to groundwater does not 26
appear to be a significant pathway since the screening concentrations for protection of 27
groundwater are greater than the current screening concentrations proposed for direct contact 28
with soil pathway (i.e., 23.5 mg/kg) or the remediation endpoint developed by the Spring Valley 29
Partners (20 mg/kg).  It is further recommended that the screening concentrations be applied to 30
all soil types since the background data (as described in other Spring Valley investigations) 31
indicate little difference between arsenic concentrations among the four soil types.  32

6.0.5  Please note that the arsenic SPLP findings were not relied upon to make Spring Valley 33
project decisions.  Neither the 12.6 ppm arsenic screening level nor the 20 ppm arsenic 34
remediation endpoint was based on the results of this study.  Also note that a groundwater 35
investigation will be performed to obtain site-specific data to characterize whether arsenic has 36
leached to the groundwater from site soils. 37

38
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Overview

In accordance with the Revised Final Work Management Plan for Follow-on Sampling 
for OU-4 Residential Lots, Amendment 2 (Parsons, April 2001), Parsons collected soil 
samples from four OU-4 residences to assess for the presence of the American University 
Experiment Station (AUES) list of chemicals.  The effort included three AUES List 
samples each from 4710 Quebec Street, 4625 Rockwood Parkway, and 4633 Rockwood 
Parkway, and four AUES List samples from 3819 48th Street, for a total of 13 AUES List 
samples.  All samples were analyzed by the Southwest Research Institute (SwRI), with 
the exception of mustard and adamsite, which were analyzed by the US Army’s 
Edgewood Chemical and Biological Center (ECBC) Laboratory.  This submittal is 
organized as follows: 

Figure 1 shows the sample locations and the Analytical Plan table shows the number 
and depths of the samples.  The results are compiled on five tables. 

Table 1 is the comprehensive list of compounds analyzed.  These include the routine 
Target Compound List and Target Analyte List constituents and the Chemical Warfare 
Materiel (CWM) compounds and CWM breakdown products that were analyzed to make 
determinations of whether the AUES List chemicals were present.  Therefore, the table 
contains all compounds analyzed, whether they were actually on the AUES list or not. 

Table 1A is the comprehensive list detections.  It is a subset of Table 1.  These are the 
compounds shown on Table 1 that were present in concentrations above the detection 
limit.

Table 2 is the AUES list of compounds.  It is also a subset of Table 1, showing the 
results for those AUES chemicals that could be directly analyzed.  Additionally, CWM 
breakdown products and the indicator compounds used in Table 3, although not actually 
AUES list compounds, are included.  They are indicated on the table as either a 
‘breakdown product’ or ‘indicator’ compound. 

Table 2A is the AUES list detections.  It is a subset of Table 2.  These are the compounds 
shown on Table 2 that were present in concentrations above the detection limit.  
Additionally, CWM breakdown products and the indicator compounds, although not 
actually AUES list compounds, are included. 

Table 3 is the AUES list scan results.  These are the AUES chemicals that did not have 
routine analytical methodologies.  The presence or absence of these chemicals was 
inferred by the presence or absence of indicator compounds for each AUES chemical. 

RBC Key contains the rationale for the RBCs shown for those chemicals that did not have RBCs. 

Attachment A contains the Quality Assurance or Data Validation Report of the sampling effort. 

Attachment B contains the AUES Chemicals list and the organization of the analytical effort, 
i.e., which compounds could be analyzed and by what methods (presented at the end of the 
Sedgwick Trench section). 
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Table 1 

Comprehensive Sample Results for Selected OU-4 
Residences
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Table 1A 

Comprehensive List Detections for Selected OU-4 
Residences
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Table 2A 

AUES List Detections for Selected OU-4 Residence 
Samples (Includes Indicator and Agent Breakdown 

Compounds)
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QUALITY ASSURANCE SUMMARY REPORT FOR 

SOIL SAMPLES ASSOCIATED WITH SPRING VALLEY OU-4 FOLLOW-ON 
RESIDENTIAL AUES LIST SAMPLING (WMP AMENDMENT 2)

INTRODUCTION

This data validation summary report covers environmental soil samples collected 
from selected Spring Valley OU-4 locations (4710 Quebec Street, 3819 48th Street, 4625 
Rockwood Parkway and 4633 Rockwood Parkway) in Washington, DC.  These samples 
were included in laboratory Sample Delivery Group 156670.  The samples were analyzed 
for Full Scan Parameters including volatile organic compounds (VOCs), semivolatile 
organic compounds (SVOCs), Adamsite, Mustard, Mustard degradation or breakdown 
products, lewisite degradation products, trinitrotoluene, metals, ions (bromide, chloride, 
fluoride, nitrate, nitrite, phosphate and sulfate) and selected wet chemistry parameters 
(ammonia and total cyanide).  VOC and SVOC analyses included tentatively identified 
compounds (TICs). 

All work was performed in accordance with the Work Management Plan (WMP) 
prepared by Parsons ES and as amended (Revised Final Amendment 2, April 2001).  The 
WMP included a Quality Assurance Project Plan (QAPJP) that was also prepared and 
approved for use to ensure generation of legally defensible data.  Southwest Research 
Institute of San Antonio, Texas, following procedures outlined in the QAPjP and the 
WMP, performed all analyses with the exception of Mustard and Adamsite, which were 
analyzed by the Army’s Edgewood Chemical and Biological Command (ECBC) 
laboratory.

EVALUATION CRITERIA

The data submitted by the laboratory has been reviewed and validated following 
the guidelines described in the QAPjP and consistent with Region III modifications to the 
USEPA Functional Guidelines for Evaluating Organic and Inorganic Data.  All 
information included in the data packages have been reviewed and validated including 
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sample results, laboratory quality control results, chain-of-custody forms and all 
supporting raw data. 

This report addresses only those problems affecting the usability of the data.  A 
discussion of data validation qualifiers (flags) applied to the data and reasons for the 
qualifiers is also presented.

Deviations from the QAPjP or the analytical methods and a discussion of the 
overall usability of the data are also presented in the summary section of this report.  QC 
problems leading to qualifying of data as unusable or rejected are presented in the Major 
Problems section.  QA/QC problems leading to qualifying of data as estimated or not 
detected are presented in the Minor Problems section.  Details concerning samples and 
target analytes affected are also presented. 

SUMMARY

This section of this report discusses deviations from the QAPjP, other laboratory 
problems, QC problems leading to qualifying of data as rejected, estimated or not 
detected and the overall usability of the data. 

Except as indicated in this report, the samples were collected, prepared and 
analyzed following the procedures described in the WMP and the QAPjP.  Except as 
indicated in this report, all samples were prepared and analyzed within the specified 
holding times using the EPA-approved analytical procedures.  The types and number of 
field and laboratory QC samples collected and analyzed met the QA objectives specified 
in the QAPP. 

No major QC problems leading to rejection of data were found during validation 
of the data for the samples in this SDG.   

The data as submitted by the laboratory and qualified following data validation 
are usable for the purposes of this project. The overall completeness for the sampling 
event is 100 percent since no data have been rejected and reported in the data tables.
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Minor QC problems leading to qualifying of data as estimated or not detected 
included: laboratory blank contamination; accuracy (% recovery) outliers, surrogate 
outliers, internal standard outliers and reported detections less than the project reporting 
limit (PRL).  Details concerning these QC problems are presented in the Minor Problems 
section.

MAJOR PROBLEMS

As indicated above no major problems were found during validation of the data 
for this SDG.  No reported results have been qualified as rejected or unusable.  All 
reported results should be considered usable as qualified in the data summary tables. 

MINOR PROBLEMS

This section of the QA summary report discusses QC problems leading to 
qualifying of data as estimated.  The "J" qualifier is used to indicate estimated results.  
The flag indicates that the analyte was positively identified but the associated value may 
be imprecise due to QC problems.   

As indicated above, QC problems leading to qualifying of data as estimated 
included: laboratory and field blank contamination; accuracy outliers, surrogate outliers, 
internal standard outliers and reported detections less than the PRL.  Details concerning 
these problems are presented below by analytical parameter. 

Volatile Organic Compounds (VOCs)

�� The reported results for the following VOC target analytes were less than the 
PRL and should be considered estimated (flagged ‘J’): chloromethane and 
chloroform. 

�� The laboratory reported internal standard area outliers for the following soil 
samples: OU4-4625-3A, OU4-4625-3B, OU4-4625-4, OU4-4633-1, OU4-
4633-2 and OU4-4633-SB.  All reported results for the samples have been 
qualified as estimated (flagged ‘UJ/J’).    

�� The laboratory reported that several samples contained target VOCs at 
concentrations above the calibration range for the method.  The affected 
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samples were diluted and reanalyzed to obtain better results.  Validation of the 
results for the reanalyses revealed serious problems including gross holding 
time violations and use of an unpreserved sample.  The results for the 
reanalyses were rejected and have not been included in the data summary 
tables.  The affected ‘original’ results have been qualified as estimated and 
flagged ‘J’.  The target VOCs affected are dichlorodifluoromethane, acetone 
and carbon disulfide.

�� Target VOC acetone was detected in at least one blank associated with some 
of the samples.  Some reported results for acetone in associated samples have 
been requalified as estimated and flagged ‘B’. 

Semivolatile Organic Compounds (SVOCs)

�� Reported results less than the PRL has been qualified as estimated and flagged 
“J”.  Target analytes affected include 2-methylnaphthalene, acenaphthylene, 
benzyl alcohol, naphthalene, benzoic acid, diethylphthalate, phenanthrene, 
fluoranthene, pyrene, benzo (a) anthracene, chrysene, bis (2-ethylhexyl) 
phthalate, di-n-octylphthalate, benzo (b) fluoranthene, benzo (k) fluoranthene 
and benzo (a) pyrene. 

�� The laboratory reported internal standard outliers for the following samples 
OU4-4625-4, OU4-4633-1, OU4-4633-2 and OU4-4633-SB. The reported 
results for the affected sample have been qualified as estimated and flagged 
‘UJ/J’ due to the internal standard outliers.  Only the target SVOCs 
quantitated using the affected internal standard have been qualified. 

�� Several target SVOCs were detected in the laboratory blanks associated with 
some of the soil samples.  The affected SVOCs are diethylphthalate, di-n-
butylphthalate and bis (2-ethylhexyl) phthalate.  Reported results for these 
analytes in the associated samples have been requalified as estimated and 
flagged 'B’ due to the blank contamination. 

Mustard Degradation Products

�� Some reported results, for target analyte thiodiglycol, are less than the PRL 
and  have been qualified as estimated and flagged “J”. 
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Metals

�� Accuracy (matrix spike percent recovery) outliers were reported for target 
metals antimony, magnesium and potassium.  The reported results for these 
metals in the affected soil samples have been qualified as estimated and 
flagged ‘L/UL’.  The ‘L’ qualifier indicates a low bias meaning the actual 
result or PRL may be higher than the reported result.  The reported data is 
usable for most purposes, including risk assessment. 

�� Precision (relative percent difference) outliers were reported for the following 
target metals: phosphorus, potassium, selenium, manganese and silicon.  The 
reported results for these metals in the affected samples have been qualified as 
estimated and flagged ‘J/UJ’. 

Wet Chemistry Parameters

�� Accuracy outliers were reported for fluoride and phosphate for the MS/MSDs 
associated with some of the samples.  The reported results for these analytes 
in the associated samples have been qualified as estimated and flagged 
‘L/UL’.  The ‘L’ qualifier indicates a low bias meaning the true result may be 
higher than the reported result.  The reported data is usable for most purposes, 
including risk assessment. 



DATA VALIDATION QUALIFIERS

U   =   The compound was analyzed for and is not present.  The associated numerical value (Practical Quantitation Limit
- PQL) indicates the approximate concentration necessary to quantify the compound in the sample.

UJ   =   A combination of the "U" and "J" flags.  The compound was analyzed for and is not present.  The associated 
numerical value (Practical Quantitation Limit - PQL) has been qualified as estimated due to a QC anomaly.

J   =  The compound was detected in the sample, but the reported result is “estimated” (could not be accurately 
quantified) either because the reported value is less than the PQL or at least one minor Quality Control (QC) problem 
was found during validation.  Data with a "J" qualifier is considered usable for most decision-making purposes, including 
risk assessment.

R  =  The reported result is considered unusable and unreliable due to a major problem associated with the analysis of 
the sample or analyte.  This qualifier implies no confidence in the reported result due to the problem found during 
validation.  Resampling is recommended if the compound affected is critical to the decision-making process.

B  =  The analyte was also detected in a laboratory or field blank associated with the sample.  The reported result is 
considered estimated and biased high due to the blank contamination. 

K  =  The analyte was detected in the sample.  The reported result is considered estimated and may be biased high due 
to a minor QA/QC problem.  The true concentration present in the sample may be lower than the reported result.  The 
data is considered estimated and usable for most decision-making purposes, including risk assessment.

L  =  The analyte was detected in the sample.  The reported result is considered estimated and may be biased low due 
to a minor QA/QC problem.  The true concentration present in the sample may be higher than the reported result.  The 
data is considered estimated and usable for most decision-making purposes, including risk assessment.

NJ  =  This flag indicates presumptive evidence of a compound.  It is only used for Tentatively Identified Compounds 
(TICs), where identification is based on a mass spectral library search.  The 'N' is not applied to generic descriptions of 
a TIC, such as "unknown hydrocarbon".  The "J" flag indicates the reported numerical result is estimated.

JNB  =  This is a combination of the 'NJ' and 'B' flags.  The 'B' indicates the compound was detected in a laboratory or 
field blank associated with the sample.  The reported result should be considered estimated and biased high due to 
blank contamination.

 740144\04\EECA\FINAL EECA\Volume III\AUES list sampling results\3819 etal\3819_et al
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Overview

In accordance with the Revised Final Work Management Plan, Amendment 1, AU Lot 
12/Child Development Center (Parsons, February 2001), Parsons collected 32 soil 
samples from the American University (AU) Lot 12 and the Child Development Center
to assess for the presence of the American University Experiment Station (AUES) list of 
chemicals.  Of the 32 samples, 16 were analyzed directly for the AUES chemicals.  All 
samples were analyzed by the Southwest Research Institute (SwRI), with the exception of 
adamsite, which was analyzed by the US Army’s Edgewood Chemical and Biological 
Command (ECBC) Laboratory.  This submittal is organized as follows: 

Figure 1 shows the sample locations and the Analytical Plan table shows the number of 
samples submitted and parameters analyzed.  The results are compiled on five tables. 

Table 1 is the comprehensive list of compounds analyzed.  These include the routine 
Target Compound List and Target Analyte List constituents and the Chemical Warfare 
Materiel (CWM) compounds and CWM breakdown products that were analyzed to make 
determinations of whether the AUES List chemicals were present.  Therefore, the table 
contains all compounds analyzed, whether they were actually on the AUES list or not. 

Table 1A is the comprehensive list detections.  It is a subset of Table 1.  These are the 
compounds shown on Table 1 that were present in concentrations above the detection 
limit.

Table 2 is the AUES list of compounds.  It is also a subset of Table 1, showing the 
results for those AUES chemicals that could be directly analyzed.  Additionally, CWM 
breakdown products and the indicator compounds used in Table 3, although not actually 
AUES list compounds, are included.  They are indicated on the table as either a 
‘breakdown product’ or ‘indicator’ compound. 

Table 2A is the AUES list detections.  It is a subset of Table 2.  These are the compounds 
shown on Table 2 that were present in concentrations above the detection limit.  
Additionally, CWM breakdown products and the indicator compounds, although not 
actually AUES list compounds, are included. 

Table 3 is the AUES list scan results.  These are the AUES chemicals that did not have 
routine analytical methodologies.  The presence or absence of these chemicals was 
inferred by the presence or absence of indicator compounds for each AUES chemical. 

RBC Key contains the rationale for the RBCs shown for those chemicals that did not have RBCs. 

Attachment A contains the Quality Assurance or Data Validation Report of the sampling effort. 

Attachment B contains the full AUES Chemicals list and the organization of the analytical 
effort, i.e., which compounds could be analyzed and by what methods (presented at the end of the 
Sedgwick Trench section). 
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Spring Valley  OU-4
AU Lot 12/CDC

AUES List Analytical Plan

No. of Sx 
Collected TAL Metals TCL VOCs TCL SVOCs ABPs AUES List

2 X
4 X
4 X X X X X
4 X X X
4 X X X X X
4 X X X

2 X
2 X X X X X

3 X X X X X
3 X X X X X

32 32 24 24 16 16*

Notes:

*  Of the 32 total samples, these 16 were run for the full AUES List.

ABPs = Agent Breakdown Products

Random grids were selected using the GIS "MakeRandom" command.

Table does not include the original quadrant and grid arsenic analyses.

Totals

CDC

AU Lot 12

Mulch in 5% highest As grids

0-6" in the 5% highest As grids
0-6" in the next 5% highest As grids
0-6" in Random Grids (1 through 4)

2 Borings:
1 ft depth
4 ft depth

0-6" in the 3 highest As grids
0-6" in 3 Random Grids

0-6" in Random Grids (5 through 8)

0-1" in the 5% highest As grids

740144\04\EECA\FINAL EECA\Volume III\AUES list sampling results\AU_CDC\CDC AU analytical plan Tbl



P:\ISEH\740144 (SV-Expanded Sx)\04_RI Report\EE_CA\FINAL EECA\VOLUME III\04_AUES List Sampling 
Results\AU_CDC\AU_CDC Report_2.doc 

Table 1 

Comprehensive Sample Results for AU 12/CDC 
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Table 2A 

AUES List Detections for AU 12/CDC Samples  
(Includes Indicator and Agent Breakdown Compounds) 

Of the 32 total samples, only the 16 samples 
that were analyzed for the full AUES List are shown on this table
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Table 3 

AUES List Scan Results for AU 12/CDC Samples 

Of the 32 total samples, only the 16 samples 
that were analyzed for the full AUES List are shown on this table
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1

QUALITY ASSURANCE SUMMARY REPORT FOR 

SOIL SAMPLES ASSOCIATED WITH SPRING VALLEY OU-4, AU 12/CDC, 
AUES LIST SAMPLING (WMP AMENDMENT 1)

INTRODUCTION

This data validation summary report covers environmental soil samples collected 
from Spring Valley OU-4 American University (AU) Lot 12 and Child Development 
Center (CDC) locations in Washington, DC.  These samples were included in laboratory 
Sample Delivery Groups 157595 and 157615.  The samples were analyzed for Full Scan 
Parameters including volatile organic compounds (VOCs), semivolatile organic 
compounds (SVOCs), adamsite, mustard degradation or breakdown products, lewisite 
degradation products, trinitrotoluene, metals, ions (bromide, chloride, fluoride, nitrate, 
nitrite, phosphate and sulfate) and selected wet chemistry parameters (ammonia and total 
cyanide).  VOC and SVOC analyses included tentatively identified compounds (TICs). 

All work was performed in accordance with the OU-4 Work Management Plan 
(WMP) prepared by Parsons and amended (Revised Final Amendment 1, February 19, 
2001).  The WMP included a Quality Assurance Project Plan (QAPjP) that was prepared 
and approved for use to ensure generation of legally defensible data.  Southwest Research 
Institute of San Antonio, Texas, following procedures outlined in the QAPjP and the 
WMP, performed all analyses with the exception of adamsite, which was analyzed by the 
Army’s Edgewood Chemical and Biological Command (ECBC) laboratory. 

EVALUATION CRITERIA

The data submitted by the laboratory has been reviewed and validated following 
the guidelines described in the QAPjP and consistent with Region III modifications to the 
USEPA Functional Guidelines for Evaluating Organic and Inorganic Data.  All 
information included in the data packages have been reviewed and validated including 
sample results, laboratory quality control results, chain-of-custody forms and all 
supporting raw data. 
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This report addresses only those problems affecting the usability of the data.  A 
discussion of data validation qualifiers (flags) applied to the data and reasons for the 
qualifiers is also presented.

Deviations from the QAPjP or the analytical methods and a discussion of the 
overall usability of the data are also presented in the summary section of this report.  QC 
problems leading to qualifying of data as unusable or rejected are presented in the Major 
Problems section.  QA/QC problems leading to qualifying of data as estimated or not 
detected are presented in the Minor Problems section.  Details concerning samples and 
target analytes affected are also presented. 

SUMMARY

This section of this report discusses deviations from the QAPjP, other laboratory 
problems, QC problems leading to qualifying of data as rejected, estimated or not 
detected and the overall usability of the data. 

Except as indicated in this report, the samples were collected, prepared and 
analyzed following the procedures described in the WMP and the QAPjP.  Except as 
indicated in this report, all samples were prepared and analyzed within the specified 
holding times using the EPA-approved analytical procedures.  The types and number of 
field and laboratory QC samples collected and analyzed met the QA objectives specified 
in the QAPjP. 

Major QA/QC problems leading to rejection of data were found during validation 
of the data for some samples for VOC, SVOC and wet chemistry parameters.  Details 
regarding the samples and analytes affected and the magnitude of the problems are 
presented in the Major Problems section.   

Minor QA/QC problems leading to qualifying of data as estimated or not detected 
included: laboratory blank contamination; accuracy (% recovery) outliers, precision 
outliers, surrogate outliers, internal standard outliers and reported detections less than the 
project reporting limit (PRL).  Details concerning these QC problems are presented in the 
Minor Problems section. 
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MAJOR PROBLEMS

As indicated above major problems were found during validation of the data for 
this SDG.  The parameters affected are VOC, SVOC and wet chemistry (phosphate and 
fluoride).  The major problem affecting the VOC and SVOC analyses involved extremely 
poor internal standard outliers.  The major problem affecting the wet chemistry parameter 
involved extremely poor percent recoveries associated with the MS/MSD samples.  
Details regarding these problems are presented below by parameter. 

Volatile Organic Compounds (VOCs)

The following samples for VOC analysis reported extremely poor internal 
standard area counts for at least one of the four required internal standards: OU4-CDC-
SB-B (4’), OU4-AU12 (140,160)(0-6), OU4-CDC (130,190)(0-6), OU4-CDC 
(140,160)(0-6), OU4-CDC (150,140)(0-6), OU4-CDC (160,140)(0-6), OU4-CDC 
(160,130)(0-6), OU4-CDC (160,150)(0-6), OU4-CDC (170,150)(0-6), OU4-AU12 
(160,100)(0-6), OU4-CDC (120,170)(0-6), OU4-CDC (130,120)(0-6), OU4-CDC 
(170,140)(0-6), OU4-CDC (220,150)(0-6), OU4-CDC (70,190)(0-6), OU4-CDC 
(80,170)(0-6) and OU4-CDC (80,210)(0-6).

The two internal standards affected are chlorobenzene-d5 and 1,4-
dichlorobenzene.  The reported internal standard area count for the affected internal 
standard was less than 50% of the required lower control limit.  The laboratory attributed 
the problem to matrix interferences in the sample.  Some of the affected samples were 
reanalyzed, outside of holding time, with similar results.  Results for the reanalyses are 
not reported in the data summary tables.  All reported nondetects (laboratory qualified 
‘U’) for target VOCs assigned to the affected internal standard (for quantitation) have 
been requalified as unusable (rejected) and flagged ‘R’.  Reported detections for target 
analytes assigned to the affected internal standards have been qualified as estimated and 
flagged ‘J’. 

Semivolatile Organic Compounds (SVOCs)

The following samples for SVOC analysis reported extremely poor internal 
standard area counts for one of the six required internal standards: OU4-CDC 
(130,120)(0-6), OU4-CDC (160,130)(0-6), OU4-CDC (160,140)(0-6), OU4-CDC 
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(170,150(0-6), OU4-CDC (170,140)(0-6), OU4-CDC (220,150)(0-6), OU4-CDC 
(70,190)(0-6), OU4-CDC (80,170)(0-6) and OU4-CDC (80,210)(0-6).

The only internal standard affected is perylene-d12.  The reported internal 
standard area count for the affected internal standard was less than 50% of the required 
lower control limit.  The laboratory attributed the problem to matrix interferences in the 
sample.  All reported nondetects (laboratory qualified ‘U’) for target SVOCs assigned to 
the affected internal standard (for quantitation) have been requalified as unusable 
(rejected) and flagged ‘R’.  Reported detections for target analytes assigned (for purposes 
of quantitation) to the affected internal standards have been qualified as estimated and 
flagged ‘J’. 

Wet Chemistry

The laboratory reported no (0%) percent recovery for target analytes phosphate 
and fluoride for the MS/MSD samples associated with some of the samples.  All reported 
nondetects for these analytes in the associated samples have been qualified as unusable 
(rejected) and flagged ‘R’.  Reported detections for these analytes have been qualified as 
estimated and flagged ‘J’. 

MINOR PROBLEMS

This section of the QA summary report discusses QC problems leading to 
qualifying of data as estimated.  The "J" qualifier is used to indicate estimated results.  
The flag indicates that the analyte was positively identified but the associated value may 
be imprecise due to at least one minor QA/QC problem.  When the bias could be 
determined the ‘L’ (low bias) or ‘K’ (high bias) qualifiers have been added to the data.   

As indicated above, QC problems leading to qualifying of data as estimated 
included laboratory blank contamination, accuracy outliers, internal standard outliers and 
reported detections less than the PRL.  Details concerning these problems are presented 
below by analytical parameter. 
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Volatile Organic Compounds (VOCs)

�� The reported detections for the following VOC target analytes were less than 
the PRL and should be considered estimated (flagged ‘J’): methyl acetate and 
benzene.

�� The laboratory reported internal standard area outliers for the following soil 
samples: OU4-CDC-SB-A (4’), OU4-AU12 (180,200)(0-6), OU4-AU12 
(180,220)(0-6), OU4-AU12 (200,180)(0-6), OU4-AU12 (200,200)(0-6), OU4-
CDC (130,140)(0-6), OU4-CDC (140,160)(0-6), OU4-CDC (140,160)(0-6), 
OU4-CDC (150,140)(0-6), OU4-CDC (150,150)(0-6), OU4-CDC 
(160,130)(0-6) and OU4-CDC (160,150)(0-6).  All reported results for the 
samples have been qualified as estimated (flagged ‘UJ/J’). 

�� The laboratory reported that several samples contained target VOCs at 
concentrations above the calibration range for the method. The affected 
results have been qualified as estimated and flagged ‘J’.  Target VOCs 
affected are dichlorodifluoromethane, acetone and carbon disulfide. 

�� Target VOC acetone was detected in at least one blank associated with some 
of the samples.  Some reported results for acetone in associated samples have 
been requalified as estimated and may be biased high and flagged ‘B/JB’ due 
to the blank contamination. 

�� Surrogate percent recovery outliers were reported for sample OU4-CDC-SB-
B (4’).  Outliers were reported for all three of the VOC surrogates.  Two of 
the reported recoveries were above the control limit and the other was below 
the control limit for the respective surrogate.  All reported results for this 
sample have been qualified as estimated and flagged ‘J/UJ’. 

�� Calibration outliers were reported for target VOCs 1,1-dichloroethene and 
chloroform.  The percent difference for the continuing calibration check 
associated with some of the samples exceeded the control limit.  All reported 
results for these analytes in the affected samples have been qualified as 
estimated and flagged ‘J/UJ’. 
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�� Some of the TICs reported in the samples were also detected in the associated 
laboratory blanks.  The affected results have been requalified as estimated and 
may be biased high and flagged ‘B/JB’ due to the blank contamination. 

Semivolatile Organic Compounds (SVOCs)

�� Reported detections less than the PRL have been requalified as estimated and 
flagged “J”.  Target analytes affected include 2-methylnaphthalene, 
acenaphthylene, benzyl alcohol, naphthalene, benzoic acid, diethylphthalate, 
phenanthrene, fluoranthene, pyrene, benzo (a) anthracene, chrysene, bis (2-
ethylhexyl) phthalate, di-n-octylphthalate, benzo (b) fluoranthene, benzo (k) 
fluoranthene, indeno (1,2,3-cd) pyrene and benzo (a) pyrene. 

�� The laboratory reported internal standard outliers for the following samples 
OU4-AU12 (180,200)(0-6), OU4-AU12 (180,220)(0-6), OU4-CDC 
(130,140)(0-6), OU4-CDC (130,190)(0-6), OU4-CDC (140,160)(0-6), OU4-
CDC (150,140)(0-6), OU4-CDC (150,150)(0-6), OU4-CDC (160,130)(0-6), 
OU4-CDC (160,140)(0-6), OU4-CDC (160,150)(0-6), OU4-CDC 
(170,150)(0-6), OU4-CDC (130,120)(0-6), OU4-CDC (170,140)(0-6), OU4-
CDC (220,150)(0-6), OU4-CDC (70,190)(0-6) and OU4-CDC (80,210)(0-6). 
The reported results for the affected sample have been qualified as estimated 
and flagged ‘UJ/J’ due to the internal standard outliers.  Only the target 
SVOCs quantitated using the affected internal standard have been qualified.  
The SVOC internal standards affected are chrysene-d12 and perylene-d12. 

�� Several target SVOCs were detected in the laboratory blanks associated with 
some of the soil samples.  The affected SVOCs are di-n-butylphthalate and bis 
(2-ethylhexyl) phthalate.  Reported results for these analytes in the associated 
samples have been requalified as estimated, may be biased high, and flagged 
'B/JB’ due to the blank contamination.  Some SVOC TICs were also detected 
in the associated laboratory blanks and have been requalified as estimated and 
may be biased high and flagged ‘JNB’ due to the blank contamination. 
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Mustard Degradation Products

�� Some reported Thiodiglycol detections were less than the PRL and have been 
qualified as estimated and flagged ‘J’.

Metals

�� Accuracy (matrix spike percent recovery) outliers were reported for target 
metals antimony, cobalt and sulfur for some of the MS/MSD samples.  The 
reported recoveries were below the control limit for the metals (75-125%).  
The reported results for these metals in the affected samples are considered 
estimated and may be biased low; the true concentration may be higher than 
the value reported.  The ‘L/UL’ qualifiers have been assigned to the affected 
results.  Results with the ‘L/UL’ qualifiers are estimated and considered 
usable for most decision-making purposes, including risk assessment. 

�� Accuracy (matrix spike percent recovery) outliers were reported for target 
metals chromium and lead for some of the MS/MSD samples.  The reported 
recoveries were above the control limit for the metals (75-125%).  The 
reported results for these metals in the affected samples are considered 
estimated and may be biased high; the true concentration may be lower than 
the value reported.  The ‘K’ qualifier has been assigned to the affected results.  
Results with the ‘K’ qualifier are estimated and considered usable for most 
decision-making purposes, including risk assessment. 

�� Precision (relative percent difference) outliers were reported for the following 
target metals: arsenic, beryllium, thallium, cobalt, lead, barium, iron and 
manganese.  The reported results for these metals in the affected samples have 
been qualified as estimated and flagged ‘J/UJ’. 

Wet Chemistry Parameters

�� Accuracy (matrix spike percent recovery) outliers were reported for target 
fluoride and phosphate for some of the MS/MSD samples.  The reported 
recoveries were below the control limit for the target analytes (75-125%).  
The reported detections of these analytes in the affected samples are 
considered estimated and may be biased low; the true concentration may be 
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higher than the value reported.  The ‘L’ qualifiers have been assigned to the 
affected results.  Results with the ‘L’ qualifiers are estimated and considered 
usable for most decision-making purposes, including risk assessment. 

�� Accuracy (matrix spike percent recovery) outliers were reported for sulfate for 
some of the MS/MSD samples.  The reported recoveries were above the 
control limit (75-125%).  Reported detections of sulfate in the affected 
samples are considered estimated and may be biased high; the true 
concentration may be lower than the value reported.  The ‘K’ qualifier has 
been assigned to the affected results.  Results with the ‘K’ qualifier are 
estimated and considered usable for most decision-making purposes, 
including risk assessment. 



DATA VALIDATION QUALIFIERS

B  =  The analyte was also detected in a laboratory or field blank associated with the 
sample.  The reported result is considered estimated and biased high due to the blank 
contamination.

NJ  =  This flag indicates presumptive evidence of a compound.  It is only used for 
Tentatively Identified Compounds (TICs), where identification is based on a mass 
spectral library search.  The 'N' is not applied to generic descriptions of a TIC, such as 
'Unknown Hydrocarbon'.  The 'J' flag indicates the reported numerical result is 
estimated.

JNB  =  This is a combination of the 'NJ' and 'B' flags.  The 'B' indicates the compound 
was detected in a laboratory or field blank associated with the sample.  The reported 
result should be considered estimated and biased high due to blank contamination. 

U   =   The compound was analyzed for and is not present.  The associated numerical 
value (Practical Quantitation Limit - PQL) indicates the approximate concentration 
necessary to quantify the compound in the sample.

                                                                                                                                              
J   =  The compound was detected in the sample, but the reported result is “estimated” 
(could not be accurately quantified) either because the reported value is less than the 
PQL or at least one minor Quality Control (QC) problem was found during validation. 
Data with a “J” qualifier is considered usable for most decision-making purposes, 
including risk assessment. 

L  =  The analyte was detected in the sample.  The reported result is considered 
estimated and may be biased low due to a minor QA/QC problem.  The true 
concentration present in the sample may be higher than the reported result.  The data is 
considered estimated and usable for most decision-making purposes, including risk 
assessment.

UJ   =   A combination of the "U" and "J" flags.  The compound was analyzed for and is 
not present.  The associated numerical value (Practical Quantitation Limit - PQL) has 
been qualified as estimated due to a QC anomaly.

K  =  The analyte was detected in the sample.  The reported result is considered 
estimated and may be biased high due to a minor QA/QC problem.  The true 
concentration present in the sample may be lower than the reported result.  The data is 
considered estimated and usable for most decision-making purposes, including risk 
assessment.

R  =  The reported result is considered unusable and unreliable due to a major problem 
associated with the analysis of the sample or analyte.  This qualifier implies no 
confidence in the reported result due to the problem found during validation.
Resampling is recommended if the compound affected is critical to the decision-making 
process.
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Attachment B 

AUES Chemicals List 
(Presented at the end of the Sedgwick Trench Section) 
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Overview

In accordance with the Final Work Plan for Sedgwick Trench Area Investigation 
(Parsons, March 2001), Parsons collected five soil samples (four samples plus one 
duplicate sample) from the Sedgwick Trench bottom to assess for the presence of the 
American University Experiment Station (AUES) list of chemicals.  All samples were 
analyzed by the Southwest Research Institute (SwRI), with the exception of mustard and 
adamsite, which were analyzed by the US Army’s Edgewood Chemical and Biological 
Command (ECBC) Laboratory.  This submittal is organized as follows: 

Figure 1 shows the sample locations. 

The results are compiled on five tables. 

Table 1 is the comprehensive list of compounds analyzed.  These include the routine 
Target Compound List and Target Analyte List constituents and the Chemical Warfare 
Materiel (CWM) compounds and CWM breakdown products that were analyzed to make 
determinations of whether the AUES List chemicals were present.  Therefore, the table 
contains all compounds analyzed, whether they were actually on the AUES list or not. 

Table 1A is the comprehensive list detections.  It is a subset of Table 1.  These are the 
compounds shown on Table 1 that were present in concentrations above the detection 
limit.

Table 2 is the AUES list of compounds.  It is also a subset of Table 1, showing the 
results for those AUES chemicals that could be directly analyzed.  Additionally, CWM 
breakdown products and the indicator compounds used in Table 3, although not actually 
AUES list compounds, are included.  They are indicated on the table as either a 
‘breakdown product’ or ‘indicator’ compound. 

Table 2A is the AUES list detections.  It is a subset of Table 2.  These are the compounds 
shown on Table 2 that were present in concentrations above the detection limit.  
Additionally, CWM breakdown products and the indicator compounds, although not 
actually AUES list compounds, are included. 

Table 3 is the AUES list scan results.  These are the AUES chemicals that did not have 
routine analytical methodologies.  The possible presence or absence of these chemicals 
was inferred by the presence or absence of indicator compounds for each AUES 
chemical. 

RBC Key contains the rationale for the RBCs shown for those chemicals that did not have RBCs. 

Attachment A contains the Quality Assurance or Data Validation Report of the sampling effort. 

Attachment B contains the full AUES Chemicals list and the organization of the analytical 
effort, i.e., which compounds could be analyzed and by what methods. 
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Table 1 

Comprehensive Sample Results for Sedgwick Trench 
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Table 1A 

Comprehensive List Detections for Sedgwick Trench 
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Table 2 

AUES List of Compounds for Sedgwick Trench Samples 
(Includes Indicator and Agent Breakdown Compounds) 
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Table 2A 

AUES List Detections for Sedgwick Trench Samples 
(Includes Indicator and Agent Breakdown Compounds) 



SU
M

M
A

R
Y 

O
F 

VA
LI

D
A

TE
D

 S
A

M
PL

E 
R

ES
U

LT
S

TA
B

LE
 2

A
 - 

A
U

ES
 L

IS
T 

D
ET

EC
TI

O
N

S 
(In

cl
ud

es
 In

di
ca

to
r C

om
po

un
ds

 a
nd

 A
ge

nt
 B

re
ak

do
w

n 
Pr

od
uc

ts
 )

Se
dg

w
ic

k 
Tr

en
ch

 A
re

a

SA
M

PL
E 

ID
:

R
EG

IO
N

 II
I

50
40

TR
-S

B
50

65
TR

-S
B

D
U

P0
1

50
54

TR
-S

B
50

59
TR

-S
B

50
65

TR
-S

B
TY

PE
 o

r L
O

C
A

TI
O

N
:

R
es

id
en

tia
l

M
et

al
s

Tr
en

ch
 B

ot
to

m
D

up
 O

F 
50

40
Tr

en
ch

 B
ot

to
m

Tr
en

ch
 B

ot
to

m
Tr

en
ch

 B
ot

to
m

SA
M

PL
E 

D
EP

TH
:

R
B

C
B

ac
k-

4.
5'

-5
.5

'
4.

5'
-5

.5
'

3'
-5

'
9'

-1
0'

2.
5'

-4
'

SA
M

PL
IN

G
 D

A
TE

:
(a

dj
us

te
d

gr
ou

nd
\2

4/
5/

20
01

4/
5/

20
01

4/
5/

20
01

4/
5/

20
01

4/
5/

20
01

A
na

ly
se

s 
pe

rf
or

m
ed

 b
y 

So
ut

hw
es

t R
es

ea
rc

h 
In

st
itu

te
do

w
nw

ar
d)

\1

IC
P 

In
or

ga
ni

c 
A

na
ly

se
s 

- S
W

60
10

B
  (

M
G

/K
G

)

A
LU

M
IN

U
M

7,
80

0
   

   
   

 
N

25
,7

98
13

10
0

16
10

0
18

80
0

12
60

0
14

80
0

A
R

S
E

N
IC

(In
di

ca
to

r o
nl

y)
0.

43
C

12
.6

4
   

 
2.

2
0.

62
1.

1
1.

3
0.

7
B

A
R

IU
M

(In
di

ca
to

r o
nl

y)
55

0
N

29
8.

28
62

.4
75

.4
85

.4
66

.5
74

.6
C

A
LC

IU
M

 (I
nd

ic
at

or
 o

nl
y)

N
A

4,
20

7
   

 
17

1
29

6
44

8
26

5
30

6
IR

O
N

2,
30

0
   

   
   

 
N

31
,9

51
26

80
0

19
60

0
18

00
0

24
20

0
19

40
0

LE
A

D
(In

di
ca

to
r o

nl
y)

40
0

‡
32

9.
76

11
.1

10
.1

5
12

.8
7.

4
M

A
G

N
E

S
IU

M
N

A
7,

09
3

   
 

50
10

74
90

74
40

61
70

74
10

M
A

N
G

A
N

E
S

E
(In

di
ca

to
r o

nl
y)

16
0

N
1,

25
1

   
 

17
7

K
60

2
K

43
8

K
46

0
K

38
4

K
N

IC
K

E
L

(In
di

ca
to

r o
nl

y)
16

0
   

   
   

   
 

N
40

.1
2

22
.5

32
.4

32
.1

29
.3

29
.4

P
H

O
S

P
H

O
R

U
S

N
A

N
A

21
3

22
0

50
2

23
4

21
7

P
O

TA
S

S
IU

M
(In

di
ca

to
r o

nl
y)

N
A

4,
94

5
   

 
38

20
60

10
57

00
47

50
60

20
S

IL
IC

O
N

N
A

N
A

23
40

22
80

23
20

24
10

21
10

S
O

D
IU

M
N

A
55

.8
0

   
 

58
.6

U
57

.5
55

.9
57

.3
U

53
.7

S
U

LF
U

R
N

A
N

A
11

6
18

.9
51

98
.8

21
TI

TA
N

IU
M

   
  (

In
di

ca
to

r o
nl

y)
31

,0
00

   
   

  
N

N
A

83
5

92
2

93
0

89
9

92
3

ZI
N

C
2,

30
0

   
   

   
 

N
30

8.
8

67
.9

92
.7

96
.7

80
.4

91
.9

IC
 S

ca
n 

- E
PA

 3
00

M
(In

di
ca

to
r C

om
po

un
ds

 O
nl

y)
 (M

G
/K

G
)

C
H

LO
R

ID
E

N
A

20
.2

7.
51

9
8.

34
8.

17
N

IT
R

A
TE

-N
13

,0
00

   
   

  
N

1.
22

U
1.

69
1.

1
U

1.
17

U
1.

68
S

U
LF

A
TE

N
A

52
.8

K
12

.5
K

69
.1

K
67

.7
K

13
.5

K

\1
  R

B
C

 fo
r n

on
-c

ar
ci

no
ge

ni
c 

co
m

po
un

ds
 (N

) a
dj

us
te

d 
do

w
nw

ar
d 

by
 a

 fa
ct

or
 o

f 
   

   
   

  1
0 

to
 a

cc
ou

nt
 fo

r c
um

ul
at

iv
e 

ef
fe

ct
 o

f a
ll 

su
ch

 c
om

po
un

ds
.

   
   

   
  S

ou
rc

e 
is

 th
e 

A
pr

il 
25

, 2
00

3 
U

SE
PA

 R
B

C
 T

ab
le

.
   

   
   

 ( 
‡ 

)  
Se

e 
R

B
C

 K
ey

 ta
bl

e 
fo

r c
he

m
ic

al
s 

no
t o

n 
U

SE
PA

 ta
bl

e.
 

 \2
   

 9
5t

h 
pe

rc
en

til
e 

of
 th

e 
ba

ck
gr

ou
nd

 c
on

ce
nt

ra
tio

n.
  T

hi
s 

va
lu

e
   

   
   

   
 w

as
 u

se
d 

fo
r t

he
 c

om
pa

ris
on

 w
he

n 
it 

w
as

 h
ig

he
r t

ha
n 

th
e 

R
B

C
.

N
 =

   
  N

on
-c

ar
ci

no
ge

n.
  T

hi
s 

R
B

C
 w

as
 a

dj
us

te
d 

do
w

n 
by

 a
 fa

ct
or

 o
f 1

0.
C

 =
   

   
C

ar
ci

no
ge

n 
as

 li
st

ed
 o

n 
th

e 
U

SE
PA

 R
B

C
 ta

bl
e.

N
A

 =
   

N
O

T 
A

VA
IL

A
B

LE

 S
ha

di
ng

 in
di

ca
te

s 
re

su
lt 

ex
ce

ed
s 

hi
gh

er
 (b

ol
de

d)
 o

f R
B

C
 o

r b
ac

kg
ro

un
d.

P
\7

40
14

4\
04

\E
E

C
A

 F
IN

A
L 

V
er

si
on

\A
ll 

S
E

D
G

W
IC

K
\ 2

A
  A

U
E

S
 D

et
ec

ts
1 

of
 1

12
/4

/2
00

3 
10

:5
7 

A
M



P:\ISEH\740144 (SV-Expanded Sx)\04_RI Report\EE_CA\FINAL EECA\VOLUME III\04_AUES List Sampling 
Results\Sedgwick\Sedgwick Report_2.doc 

Table 3 

AUES List Scan Results for Sedgwick Trench Samples 
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QUALITY ASSURANCE SUMMARY REPORT FOR 

SOIL SAMPLES ASSOCIATED WITH SPRING VALLEY OU-5 SEDGWICK 
AUES LIST SAMPLING 

INTRODUCTION

This data validation summary report covers environmental soil samples collected 
from the Sedgwick Trench Area of the Spring Valley OU-5 project, Washington, DC.  
These samples were included in laboratory Sample Delivery Group 159223.  The samples 
were analyzed for Full Scan Parameters including volatile organic compounds (VOCs), 
semivolatile organic compounds (SVOCs), mustard degradation products, lewisite 
degradation products, trinitrotoluene, metals, ions (bromide, chloride, fluoride, nitrate, 
nitrite, phosphate and sulfate) and selected wet chemistry parameters (ammonia and total 
cyanide).  VOC and SVOC analyses included tentatively identified compounds (TICs). 

All work was performed in accordance with the Revised Final Workplan for 
Sedgwick Trench Area Investigation (Parsons, June 2001).  The Workplan included a 
Quality Assurance Project Plan (QAPjP) which was prepared and approved for use to 
ensure generation of legally defensible data.  Southwest Research Institute of San 
Antonio, Texas, following procedures outlined in the QAPjP and the WMP, performed 
all analyses with the exception of Mustard and Adamsite, which were analyzed by the 
Army’s Edgewood Chemical and Biological Command (ECBC) laboratory. 

EVALUATION CRITERIA

The data submitted by the laboratory has been reviewed and validated following 
the guidelines described in the QAPjP and consistent with Region III modifications to the 
USEPA Functional Guidelines for Evaluating Organic and Inorganic Data.  All 
information included in the data packages have been reviewed and validated including 
sample results, laboratory quality control results, chain-of-custody forms and all 
supporting raw data. 
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This report addresses only those problems affecting the usability of the data.  A 
discussion of data validation qualifiers (flags) applied to the data and reasons for the 
qualifiers is also presented.

Deviations from the QAPjP or the analytical methods and a discussion of the 
overall usability of the data are also presented in the summary section of this report.  QC 
problems leading to qualifying of data as unusable or rejected are presented in the Major 
Problems section.  QA/QC problems leading to qualifying of data as estimated or not 
detected are presented in the Minor Problems section.  Details concerning samples and 
target analytes affected are also presented. 

SUMMARY

This section of this report discusses deviations from the QAPjP, other laboratory 
problems, QC problems leading to qualifying of data as rejected, estimated or not 
detected and the overall usability of the data. 

Except as indicated in this report, the samples were collected, prepared and 
analyzed following the procedures described in the Workplan and the QAPjP.  Except as 
indicated in this report, all samples were prepared and analyzed within the specified 
holding times using the EPA-approved analytical procedures.  The types and number of 
field and laboratory QC samples collected and analyzed met the QA objectives specified 
in the QAPjP. 

Major QA/QC problems leading to rejection of data were found during validation 
of the data for some samples for some wet chemistry parameters.  Details regarding the 
samples and analytes affected and the magnitude of the problems are presented in the 
Major Problems section.   

Minor QA/QC problems leading to qualifying of data as estimated or not detected 
included: laboratory blank contamination; accuracy (% recovery) outliers, precision 
outliers, surrogate outliers, internal standard outliers and reported detections less than the 
project reporting limit (PRL).  Details concerning these QC problems are presented in the 
Minor Problems section. 
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MAJOR PROBLEMS

As indicated above major problems were found during validation of the data for 
this SDG.  The parameters affected are fluoride and phosphate. The major problem 
affecting the wet chemistry parameter involved extremely poor (0%) percent recoveries 
associated with the MS/MSD samples.  Details regarding these problems are presented 
below by parameter.  Accordingly, the completeness goal for the analyses was not met. 

Wet Chemistry

The laboratory reported no (0%) percent recovery for target analytes phosphate 
and fluoride for the MS/MSD samples associated with the Sedgwick samples.  All 
reported nondetects for these analytes in the associated Sedgwick samples have been 
qualified as unusable (rejected) and flagged ‘R’.  The laboratory indicated that these 
anions may form insoluble salts with certain cations present in the samples and therefore 
will precipitate out of solution. 

MINOR PROBLEMS

This section of the QA summary report discusses QC problems leading to 
qualifying of data as estimated.  The "J" qualifier is used to indicate estimated results.  
The flag indicates that the analyte was detected in the sample and the result is either less 
than the PRL or affected by at least one minor QA/QC problem found during validation.  
The ‘B’ qualifier indicates the associated analyte was also detected in the field or 
laboratory associated with the sample.  The reported result should be considered 
estimated and may be biased high.  The 'D’ qualifier indicates the reported result was 
obtained from a diluted sample.  The dilution was necessary either because the 
calibration was exceeded or matrix interferences in the sample.  Generally, all reported 
results affected by a minor problem are usable for most decision-making purposes. 

As indicated above, QC problems leading to qualifying of data as estimated 
included laboratory blank contamination; accuracy outliers, internal standard outliers and 
reported detections less than the PRL.  Details concerning these problems are presented 
below.
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Volatile Organic Compounds (VOCs)

�� The laboratory reported internal standard area outliers for each of the samples 
in this SDG.  Three of the four required internal standards reported outliers.  
All reported results for the target analytes assigned to the affected internal 
standards, for quantitation, have been qualified as estimated (flagged ‘UJ/J’).  
Data with the ‘J’ qualifier are considered usable for most decision-making 
purposes, including risk assessment. 

�� Target VOC acetone was detected in at least one blank associated with some 
of the samples.  Some reported results for acetone in associated samples have 
been requalified as estimated and flagged ‘B’.  Data with the ‘B’ qualifier are 
considered usable for most decision-making purposes, including risk 
assessment. 

�� Accuracy outliers were reported for target VOCs toluene and chlorobenzene.  
The percent recoveries for the MS/MSD associated with this SDG were below 
the lower control limit.  All reported results for these analytes in the affected 
samples have been qualified as estimated and flagged ‘UJ’.  Although the 
affected analytes were not detected in the samples, the reported PRLs should 
be considered estimated. 

Semivolatile Organic Compounds (SVOCs)

�� Reported results less than the PRL have been qualified as estimated and 
flagged “J”.  Target analytes affected include anthracene and 
dibenz(a,h)anthracene.

�� Target SVOC di-n-butylphthalate was detected in the laboratory blanks 
associated with the samples. Reported results for this analyte in the associated 
samples have been qualified as estimated and flagged 'B’ due to the blank 
contamination.  Data with the ‘B’ qualifier should be considered estimated 
and usable for most decision-making purposes, including risk assessment.
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Metals

�� Accuracy (matrix spike percent recovery) outliers were reported for target 
metal antimony.  The reported recoveries for antimony in the associated 
MS/MSD were below the required control limits (75-125%).  The reported 
results for these metals in the affected soil samples have been qualified as 
estimated and flagged ‘L/UL’.  The ‘L’ qualifier indicates a low bias meaning 
the actual result or PRL may be higher than reported.  The reported result is 
usable for most decision-making purposes, including risk assessment. 

�� Accuracy (matrix spike percent recovery) outliers were reported for target 
metal manganese.  The reported recoveries for manganese in the associated 
MS/MSD were above the required control limits (75-125%).  The reported 
results for these metals in the affected soil samples have been qualified as 
estimated and flagged ‘K’.  The ‘K’ qualifier indicates a high bias meaning 
the actual result may be lower than reported.  The reported result is usable for 
most decision-making purposes, including risk assessment. 

Wet Chemistry Parameters

�� Accuracy outliers were reported for ammonia, nitrite and sulfate for the 
MS/MSDs associated with some of the samples.  The reported results for 
these analytes in the associated samples have been qualified as estimated and 
flagged ‘L/UL’ (low bias – nitrite and ammonia) or ‘K’ (high bias - sulfate).  
All reported results are usable as reported for most decision-making purposes, 
including risk assessment.



DATA VALIDATION QUALIFIERS

U   =   The compound was analyzed for and is not present.  The associated numerical value (Practical Quantitation Limit
- PQL) indicates the approximate concentration necessary to quantify the compound in the sample.

UJ   =   A combination of the "U" and "J" flags.  The compound was analyzed for and is not present.  The associated 
numerical value (Practical Quantitation Limit - PQL) has been qualified as estimated due to a QC anomaly.

R  =  The reported result is considered unusable and unreliable due to a major problem associated with the analysis of 
the sample or analyte.  This qualifier implies no confidence in the reported result due to the problem found during 
validation.  Resampling is recommended if the compound affected is critical to the decision-making process. 

JNB  =  This is a combination of the 'NJ' and 'B' flags.  The 'B' indicates the compound was detected in a laboratory or 
field blank associated with the sample.  The reported result should be considered estimated and biased high due to 
blank contamination. 

B  =  The analyte was also detected in a laboratory or field blank associated with the sample.  The reported result is 
considered estimated and biased high due to the blank contamination. 

J   =  The compound was detected in the sample, but the reported result is “estimated” (could not be accurately 
quantified) either because the reported value is less than the PQL or at least one minor Quality Control (QC) problem 
was found during validation. Data with a “J” qualifier is considered usable for most decision-making purposes, including 
risk assessment.

K  =  The analyte was detected in the sample.  The reported result is considered estimated and may be biased high due 
to a minor QA/QC problem.  The true concentration of present in the sample may be lower than the reported result.  The
data is considered estimated and usable for most decision-making purposes, including risk assessment.

L  =  The analyte was detected in the sample.  The reported result is considered estimated and may be biased low due 
to a minor QA/QC problem.  The true concentration present in the sample may be higher than the reported result.  The 
data is considered estimated and usable for most decision-making purposes, including risk assessment.

NJ  =  This flag indicates presumptive evidence of a compound.  It is only used for Tentatively Identified Compounds 
(TICs), where identification is based on a mass spectral library search.  The 'N' is not applied to generic descriptions of 
a TIC, such as 'Unknown Hydrocarbon'.  The 'J' flag indicates the reported numerical result is estimated.
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DCDOH Comments to AUES List Sampling 

The following section contains the DCDOH response to the AUES List sampling 
(Selected OU-4 Residences) presented in the preceding sections.  Following the DCDOH 

comments, the USACE response to these comments is presented.
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U.S. Army Corps of Engineers’ Response to Regulator and Community
Stakeholder Concerns regarding 2001 Soil Sampling for Possible

Contaminants remaining from World War I-Era Chemical Warfare Research
Activities at American University Experiment Station

1 Purpose
In recent months, several regulator and community stakeholder concerns have been expressed
regarding soil sampling conducted by the U.S. Army Corps of Engineers (USACE) in early 2001
as part of the Spring Valley Formerly Used Defense Site (FUDS) investigation. This specific
effort, referred to as the American University Experiment Station (AUES) List sampling, involved
the analysis of soil for a variety of chemicals suspected of being used at AUES as part of the US
Army’s chemical warfare research from 1917 to 1920. This document addresses the identified
concerns by describing the circumstances surrounding the planning and execution of the AUES
List sampling and how the results were shared with various stakeholders.

2 Stakeholder Concerns
On January 14, 2003 USACE representatives and the US Environmental Protection Agency
(USEPA) Region 3 remedial project manager met with the property owner of 3819 48th Street to
discuss his individual concerns regarding the Spring Valley investigation and characterization of
his property. During this meeting, the AUES List soil sampling results for this property were
shared with the owner, unbeknownst to the USACE representatives that the owner had not seen
these results previously. Though surprised, the owner appeared relieved to receive the data and to
learn from USACE that the results did not contain any significant findings or reason for additional
investigation.

In the days following this meeting, the property owner forwarded the data results to Washington
DC’s Department of Health (DC DOH).  Data results for 3819 48th Street and the other three
properties included in this sampling, referred to as the Operable Unit 4 (OU4) AUES residential
properties, were discussed at the January 2003 Spring Valley Partnership meeting between
USACE, USEPA and DC Health.  During this meeting, the DC DOH representative expressed
several concerns regarding USACE actions, alleging that DC DOH was not aware of the sampling
and that DC DOH had not been furnished with the final report of the sampling effort dated May
2002.  The following month, DC DOH released its Draft Comments on the Corps of Engineers’
Final Report of Analytical Results dated May 8, 2002 for 3819 48th Street; 4710 Quebec Street;
4625 Rockwood Parkway, and 4633 Rockwood Parkway (Appendix 1). Subsequently, in the
Spring of 2003, the 2001 AUES List sampling event and management of the data results became
the focus of several Spring Valley Restoration Advisory Board (RAB) discussions and local press
articles.

The DC DOH comments and related concerns expressed by the property owners/residents can be
grouped into the following major issues:

• USACE did not inform the regulators or the property owners about the sampling event
• USACE did not have permission to conduct the AUES sampling on at least two of the

residential properties investigated
• The process for validating the data was unusually long and inadequate
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• Sampling results were not shared with the regulatory agencies or property owners
• The compounds detected may present a significant risk to those living on the properties
• Uncertainties associated with compounds that could not be analyzed for may present a

significant risk to those living on the properties.
• Additional investigations, including resampling, should be conducted on the four OU4

AUES residential properties.

USACE believes that the AUES List sampling was an appropriate effort to determine if a broader
AUES List investigation was necessary. Records indicate USACE had permission from the
property owners to conduct this sampling. Additionally, USACE records indicate that both DC
DOH and USEPA were involved in the planning of the AUES List sampling and were provided
results in a timely manner.  Most importantly, USACE, USEPA and DC DOH all agree that the
AUES List sampling results currently do not indicate the presence of any chemicals posing
significant risks to those living on the OU4 AUES residential properties, a conclusion shared
publicly during a recent Spring Valley RAB meeting.

USACE does acknowledge that the data results and the absence of significant risk for these four
properties should have been shared with the property owners in a more timely manner and
apologized for this community outreach oversight during meetings with the OU4 AUES residential
property owners and the RAB. Actions are underway to ensure that such oversights do not occur in
the future. Additionally, USACE also recognizes the present of uncertainties within the data results
from the AUES List sampling and is working with the regulator and community stakeholders to
evaluate and address these uncertainties to the greatest extent practicable.

Support for these conclusions and the ongoing efforts to move the AUES List sampling issue
forward collectively are provided in the remainder of this document and the attached appendices.

3 Investigation Background

USACE conducted the AUES List sampling at ten locations within the Spring Valley project,
including: the Child Development Center and Lot 12 on the campus of American University (the
AU properties); four residential properties associated with the Sedgwick Trench on the 5000
block of Sedgwick Street, NW (the Sedgwick AUES residential properties); and four residential
properties located in OU4 to the south and east of the AU campus (the OU4 AUES residential
properties).  The purpose of the sampling was to determine whether contaminants other than
arsenic were present at levels whereby additional investigation on more properties would be
warranted.

To fully understand the AUES List sampling, it is important to view it in the larger context of the
Spring Valley soil investigation. Specifically, the AUES List sampling was part of a tiered
approach involving a focused, small scale evaluation of a large suite of potential contaminants, a
medium scale investigation targeting a more refined list of potential AUES contaminants, and a
large scale characterization of the identified contaminant of concern (arsenic).  These three tiers
of soil investigation conducted in Spring Valley to date are delineated as follows:

Tier 1 – The AUES List sampling and analysis was conducted for a broad suite of
compounds and analytes on approximately 10 properties/locations.
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Tier 2 – Within the Operable Unit 5 (OU5) investigation initiated in 2001, approximately
301 properties received soil boring analysis for explosives and/or chemical warfare
agents and their degradation products. The purpose of this investigation was to
determine if AUES-specific contaminants were present in areas classified as points of
interest (POI), where historical records suggested past activity most likely took place. Since
historical records are rarely complete, 15% of the Spring Valley project area properties not
associated with a POI was also sampled for these specific AUES-related constituents.

Tier 3 – Also within the OU5 investigation, all residential properties and business lots
(approximately 1500) for which rights of entry (ROEs) were obtain were sampled and
analyzed for soil arsenic contamination. Arsenic was initially identified as a contaminant
of concern during OU3 work at the Korean Ambassador’s residence located at 4801
Glenbrook Road, NW. Approximately 10 % or 150 properties have since been identified as
needing soil removal.

This approach was a logical and cost-effective effort to evaluate comprehensively the nature and
extent of soil contamination resulting from AUES activities throughout Spring Valley. These
sampling efforts were well-coordinated with DC Health and EPA Region 3, and identified arsenic
as the only soil contaminant of concern to date.

With the investigative approach delineated, it is now possible to address the timeline by which
these efforts unfolded, resulting in the most recent DC DOH draft comments.

4 Sequence of Events
DC DOH draft comments refer to significant time delays between sample collection, data
validation and notification of regulators and affected residents/owners. However, DC DOH and
EPA Region 3 were fully aware of AUES List sampling at AU, at the four Sedgwick AUES
residential properties, and the four OU4 AUES residential properties. As outlined in Appendix 2
of this response document, clear efforts were made by USACE to provide the regulatory
agencies opportunities for input into the planning, and to incorporate regulator requests into the
final work plans. Additionally, records indicate that USACE shared the data results with its
regulatory partners in a timely manner.

Specific regulator and resident concerns revolve around the 2-year length of time that has
transpired between sample collection and final data publication. Table 1 provides a timeline of the
sequence of events, which is supported by USACE records.
Table 1 reveals USACE efforts to conduct an open and responsive investigation. As discussed
with the Spring Valley Restoration Advisory Board in March 2003 (Appendix 2, Attachment A),
there are several ongoing facets of the Spring Valley project that require attention during any given
time frame, with priorities and project plans shifting as new discoveries are made and additional
requests from regulators and community members are received.  In the case of the AUES Sampling
results, project efforts to resolve uncertainties and to release the data for public comment were
given a lower priority and pushed back as USACE implemented area-wide arsenic sampling,
executed the TCRA, and initiated the second round of TCRA based on regulator comments. Such
delay was only acceptable to the USACE because no significant risks to community members were
identified by USACE or its regulatory partners during initial review.
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Throughout the project, USACE has made a committed effort to keep property owners informed
of upcoming sampling and subsequent data results with regard to arsenic contamination, the only
contaminant of concern identified to date in Spring Valley. For instance, as shown in Appendix 2
(Attachments M and N), preliminary arsenic results were sent to the OU4 residents to keep them
informed in a timely manner, noting that final results were then sent a few months later. As the
project expanded significantly into OU5 in the summer of 2001, preliminary arsenic data could no
longer be mailed to residents. However, validated results were provided over the phone if
requested, in order to meet immediate resident needs or concerns until the formal letter with the
final results could be produced.  Additionally, validated data were placed in the Information
Repository at the Palisade Library for broader public use.

Table 1: 2001 AUES List Sampling Timeline
Nov – Feb 2001 Partnership planning of AUES List sampling

Feb – Apr 2001 Soil samples collected

May – July 2001 Validated data shared with regulators

Aug 2001 – Jan 2002 Work on acceptable data reporting approach using AU results as a test
case

Feb – April 2002 Finalize reports for OU4 AUES List sampling for all AUES List
sampling

May – July 2002 Plan and initiate Time Critical Removal Action (TCRA);
Simultaneously discuss reporting and uncertainty issues with DC DOH
and USEPA in preparation for Fall 2002 Public Comment release  of
Engineering Evaluation and Cost Analysis (EE/CA) in support of Non-
Time Critical Removal Action

Aug – Oct 2002 Address DC DOH request for second tier of TCRA removals; EE/CA
and Non-Time Critical Removal Action delayed until TCRA is
completed

Nov 2002 – June 2003 Conduct and complete second round of TCRA; Release of EE/CA and
AUES List sampling results scheduled for July 2003

Unlike the arsenic results, data for the wide-array of compounds investigated through the AUES
List sampling are quite complicated and could not be easily put in layman’s terms and distributed
by simple letter. Also, during the AUES List data evaluation process, soil arsenic delineation and
removal was the highest priority, receiving a significant portion of the available funding and
personnel. In turn, the project management team decided to develop an adequate reporting process
for the AUES List data results as time allowed, instead of releasing the data for full public
consumption without the necessary supporting materials and conclusions. While other ongoing
work facilitated the private exchange of the AUES List sampling results with AU and the
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Sedgwick AUES owners/residents until the official reports could be released, the four OU4
residents did not receive this same courtesy.
In early 2001, USACE did vastly expand its community outreach efforts to manage the many
owner/residents concerns that would naturally arise during the broad, OU5 arsenic sampling
investigation.  However, the small-scale AUES list sampling unfortunately fell outside the focused
community outreach efforts at that time. Realizing this oversight with regard to the four OU4
AUES residential properties, USACE has acknowledged openly to the OU4 property owners and
Spring Valley RAB that it would have been appropriate to share the data sooner. Even if the
reports would not be released for some time, USACE could have sent brief letters explaining that
a) the sampling results had been reviewed and b) they did not indicate any other contaminants of
concern. Efforts to remedy the resulting misunderstandings and questions are ongoing and
discussed in more detail in Section 8 of this document.

5 Property Access
Some stakeholders have questioned whether ROEs for the AUES List sampling effort were
obtained for two of the four OU4 properties. It is USACE’s regular process to obtain the
necessary ROE prior to accessing any property in support of the Spring Valley investigation, and
the process for the AUES List sampling in 2001 was no different. Attachments O, P, Q and R
in Appendix 3 contain the ROEs for the four properties that received the AUES List sampling.
Other included attachments reveal USACE’s proactive efforts to communicate verbally and/or in
writing with  the property owners prior to executing the AUES List sampling.

Related to the issue of access, some question has been raised by one or two property owners
regarding whether they provided permission to analyze for the AUES list of compounds. In
response, it is important to note that the ROE is a legal mechanism to provide access to a property,
and is not utilized to gain property owner permission for specific laboratory analysis. While efforts
were made by USACE to inform residents of sampling plans, the specific type of laboratory
analyses executed for a property is an investigative judgment decision to be made by USACE and
the participating regulatory agencies. Both DC DOH and EPA participated fully in this decision
process, as previously described.  

6 Data Quality
In response to data quality concerns, USACE notes that the data were validated in accordance
with EPA Region 3 modifications to the National Functional Guidelines for data validation. The
validation covered all information contained in the data packages, including sample results,
laboratory quality control results, chain-of-custody forms, and all supporting raw data. No major
data quality control issues were noted during the review of the data by USACE’s remedial
contractor, Parsons Engineering Science, Inc.

In response to DC DOH’s request for the laboratory reports and data packages for the OU4
AUES sampling, Parsons sent copies of the data packages to DC DOH and EPA on 26 February
2003.  As part of the regulatory oversight process, EPA Region 3 conducted an independent
validation of the data. Two validation reports were generated by the EPA’s lab, identifying only
two inorganics (antimony and phosphate) and two organics (acrolein and benzyl bromide) out of
all the compounds analyzed for as major problems. At the present time, USACE holds a different
perspective regarding the validation findings and does not believe the problems identified are
major. The EPA’s reports have been distributed to the participating agencies, community RAB
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members and the affected property owners for review.  Currently, a working meeting to discuss
these reports and any necessary next steps is targeted for July.

7 AUES List Data Assessment
Several regulator and community concerns have been expressed regarding the number and variety
of compounds detected during the AUES List sampling and the potential health effects associated
with these compounds. Concerns expressed by DC DOH or the involved residents revolve around
a) potential sources of the compounds detected, b) the toxicity of individual compounds and c)
potential synergistic effects from exposure to multiple compounds.

Contaminant Sources - The DC DOH comments provide a detailed list of compounds detected
through the AUES List sampling, but make no distinctions between chemicals that are likely
present as a result of AUES activities, those chemicals that are natural constituents of soil (e.g.,
nitrate, phosphate, sulfate), and chemicals that are expected to be present in an urban residential
neighborhood (e.g., hydrocarbons, polycyclic aromatic hydrocarbons). Upon closer review, it is
clear that virtually all of the compounds detected through the AUES List sampling are either
used extensively in industry, are commonly found in the urban environment or are potentially of
natural origin.  Furthermore, many of the compounds detected on the OU4 residential properties
are only tentatively identified, and some of the identified compounds are likely analytical
artifacts (false positives).

Additionally, draft DC DOH comments also suggest that some of the detected compounds are
experimental chemical warfare agents or precursor compounds and that many of these
compounds are unknown in modern industry.  However, USACE’s review indicates that none of
the 23 compounds listed in Tab B of the DC DOH comments are experimental chemical warfare
agents and only two are potential precursor compounds.

Toxicity - The draft DC DOH comments circulated to property owners list the compounds
detected, but do not describe the concentrations of the chemicals found. By not considering the
concentrations of the compounds detected, DC DOH comments, in turn, fail to note that most of
the reported concentrations are less than EPA Region 3’s Risk-Based Concentrations (RBCs) for
screening residential property. Considering the available RBCs, it is clear that the detected
concentrations found on the OU4 AUES residential properties correspond to a de minimis risk and
do not pose any health risks of concern for those individuals residing on the four properties
sampled. As discussed with the affected property owners, USACE, EPA Region 3 and DC Health
are in agreement on this issue.

In presenting risk concerns, the DC DOH comments (Tab B) note that many of the chemicals on
the AUES list are “toxic” and cites various published sources of toxicity information. However,
the DC DOH comments mischaracterize and misinterpret the content of the cited references in
many places. Furthermore, the comments fail to recognize the first tenet of toxicology—the dose
makes the poison. For example, the DC DOH comments state that oleic acid is a “poison and
skin irritant”; they fail to note that oleic acid is found in percentage amounts in olive oil. While
pure oleic acid applied to the skin is likely to cause irritation, this fact is not relevant to the
concentrations detected in soil at any of the OU4 properties. The DC DOH notation of “toxic”
and “poison” in Tab B fails to capture the context in which these chemicals are detected. Specific
comments on the chemicals listed as “toxic” in the DC DOH report are provided in Appendix 4.
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USACE does recognize that certain compounds detected do not have RBCs.  Such inherent
limitations are part of any scientific investigation and must be dealt with to the greatest extent
practicable.  USACE is working with DC DOH, USEPA and concerned residents in trying to
reduce these and other identified uncertainties, which is discussed in more detail in the last
section of these responses.

Risk Assessment - DC DOH comments state that the number of compounds on any given
property makes it difficult, if not impossible, to assess the risk.  USACE acknowledges that
potential synergistic, antagonistic, or additive effects of multiple chemicals can complicate risk
assessment in locations where large numbers of chemical compounds are found, and continues to
work with DC DOH and USEPA in trying to address such risk uncertainties. However, while
scientific research is ongoing to develop methodologies for assessing risk from complex
mixtures, it is equally important to acknowledge that the potential for future advances does not
mean current risk assessment practices are invalid.

USACE does follow currently appropriate regulations and guidance when evaluating risks. For
instance when screening the AUES List data, USACE followed EPA Region 3 guidance
indicating that the effects of multiple chemicals are accounted for by adjusting the non-
carcinogenic RBCs down by an order of magnitude. In other words, if the RBC for a non-
carcinogen was 5.2 mg/kg, USACE compared the concentration detected in the soil at the OU4
properties to 0.52 mg/kg.  It remains USACE’s commitment that any risk assessment evaluating
the AUES data will be performed using the best practices available at the time, and that both DC
DOH and USEPA will have full opportunity to provide regulatory review and comment to any
such risk assessment.

USACE notes that EPA has prepared two risk assessments for the Spring Valley area, one in
1999 and one in 2000. The DC DOH comments suggest that a new risk assessment should be
done using newer data from site-wide arsenic sampling and limited sampling for other
constituents, if EPA feels that the additional limited data should be included. However, it is
important to note that the purpose of OU4 AUES residential properties study was to examine
whether certain additional chemicals should be added to the assessment, and the results to date
indicate that chemicals other than arsenic appear to pose little, if any, additional risk. While any
decision to update or append the earlier two risk assessments is a decision for EPA Region 3,
USACE does not see any value in revising these earlier risk assessments because of the low
concentrations of the other constituents detected and because a response action to address the
arsenic contamination is already underway.

8 Future Project Efforts

Several concerns have been expressed by DC DOH and the affected OU4 residents with regard
to the need for additional investigations on the four OU4 properties sampled previously.
Specifically, DC DOH recommends that the Partners discuss the need for more extensive
sampling and whether soil-gas mapping would be useful to identify potential burial sites. DC
DOH recommends examining the remaining two properties geophysically for potential burial
sites, and suggests that the detection of volatile organic compounds in a location might indicate a
containerized burial site.

USACE does not believe that the types and concentrations of volatile and semivolatile organic
compounds found in the soil on the OU4 AUES residential properties are indicative of the
presence of a containerized burial site. However, it should be noted that three of the OU4
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residential properties are slated to be surveyed geophysically to determine the presence of
subsurface anomalies that could possibly be buried munition items, pits, or trenches based on a
property prioritization plan developed in collaboration with DC DOH and USEPA and reviewed
with the Spring Valley RAB.  Progress on these ongoing geophysical investigations will continue
to be one of the priorities discussed at monthly partnering meetings between USACE, EPA
Region 3 and DC DOH.

In conjunction with the OU4 AUES sampling, USACE has established a work group with
regulatory agencies and the affected OU4 AUES property owners/residents to review the AUES
sampling results, identify uncertainties and discuss potential next steps. Whether or not additional
AUES sampling will be necessary in the future will be evaluated through this multi-stakeholder
work group.  Minutes from the first meeting of this group are available on the project’s web site at
http://www.nab.usace.army.mil/projects/WashingtonDC/springvalley.htm. Additionally, it should
be noted that 85 questions have been submitted by community RAB members regarding this
sampling event, and that responses to these questions have been completed in consultation with
USEPA and DC DOH and also will be available through the Spring Valley web site. USACE will
continue to post the status and progress of efforts to address AUES List sampling uncertainties, as
it becomes available.

These continued efforts regarding the AUES List findings and uncertainties will be integrated
with the several other ongoing project priorities. Included in these project priorities is a multi-
year removal action for addressing the 150 properties requiring soil arsenic removal, as well as
several ongoing or planned investigations into other potential contamination and environmental
media (i.e., potential buried ordnance, indoor air and groundwater).
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Appendix 1

DC Department of Health’s Draft Comments on the Corps of Engineers’ Final Report of
Analytical Results dated May 8, 2002 for 3819 48th Street; 4710 Quebec Street; 4625 Rockwood

Parkway, and 4633 Rockwood Parkway
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Appendix 2
Project records support the USACE position that the AUES sampling was conducted with the
full knowledge of others. To demonstrate the level of coordination and communication between
USACE and its regulatory partners throughout the AUES list sampling event, the following
attachments are provided1:

• Attachment A: Supplemental handout distributed at the March 11, 2003 Spring Valley
Restoration Advisory Board meeting, which outlines USACE efforts and project
management considerations associated with the 2001 AUES List sampling.

• Attachment B: Partnering Meeting minutes dated January 3, 2001, at which Richard
Albright, DC DOH, was present.  The expanded sampling on three of the four OU4
properties that were the focus of the DC DOH comments was discussed at this meeting.
These minutes also demonstrate that the partners participated in other decisions being made
at that time.

• Attachment C: E-mail dated January 24, 2001 that demonstrates that USACE provided the
AUES list to the Partners, including Richard Albright, DC DOH.

• Attachment D: E-mail dated January 31, 2001 distributing to the Partners, including Richard
Albright, DC DOH, the AUES List sampling plan (amendment 1) for the CDC and Lot 12 on
the AU campus.  The message also notes upcoming sampling at the OU4 residential
properties.

• Attachment E: E-mail dated February 22, 2001 providing the agenda for the next Partnering
meeting to the regulatory agencies, including Richard Albright, DC DOH.  It notes that DC
DOH will be represented by Greg Hope at the next meeting because Mr. Albright will be
unable to attend.  One of the agenda items is the OU4 residential properties sampling.

• Attachment F: Excerpt from partnering meeting minutes dated February 27, 2001, at which
Gregory Hope, DC DOH, was present. These minutes include discussion of expanding the
AUES List sampling to the Sedgwick residential properties.

• Attachment G: E-mail dated May 8, 2001 from MAJ Michael Peloquin, USACE, asking the
sampling contractor to prepare presentations for the upcoming partnering meeting (May 14)
on any “qualified” sampling results received since the March meeting, what the preliminary
results are showing and challenges associated with interpretation of the AUES data results
(using AUES data as examples).

• Attachment H: Partnering Meeting minutes from May 14, 2001 during which USACE
believes OU4 AUES List data results were shared with DC DOH and USEPA, as suggested
in attachments G and I. USACE notes that these minutes do not specifically document
distribution of these data and realize future minutes should be more detailed to ensure
adequate capture of discussions and decisions between USACE, USEPA and DC DOH.

• Attachment I: E-mail dated June 1, 2001 from the sampling contractor to USACE,
transmitting the draft AUES List sampling data tables that had been handed out at the
meeting.  One table is for the OU4 residential properties and the other for the AU properties

1 Attachments contain only relevant pages – full copies of these documents are available on the project’s web site at
http://www.nab.usace.army.mil/projects/WashingtonDC/springvalley.htm.
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(Lot 12 and the CDC).  It also notes some problems were encountered in getting analyses
back from the lab in a timely manner.

• Attachment J: E-mail dated July 25 and 27, 2001 among the partners, including Richard
Albright, DC DOH, referencing a Sedgwick AUES List data discussion at the previous
week’s partnering meeting and a follow-up discussion between MAJ Michael Peloquin,
USACE, and Mr. Richard Albright. The e-mails indicate that the partners discussed the
format of the results to be furnished to the Sedgwick AUES residential property owners, and
notes that DC DOH “did not see any results posing any serious health risks” in its
preliminary review of the results.

• Attachment K: E-mail dated May 8, 2002 from the sampling contractor to USACE,
suggesting that the AUES List sampling results for all ten properties be presented and
discussed at the May 22 partnering meeting.  The message notes that the final reports on the
OU4 residential properties were expected to be completed May 8 or 9.

• Attachment L: Excerpts from Partnering Meeting minutes dated May 22, 2002, at which
Richard Albright, DC DOH, was present. The minutes describes the partners’ discussion of
how to report the results of the AUES List sampling results to the property owners, as well as
USACE’s ongoing efforts to share data with DC DOH and work with Mr. Albright on
prioritizing next steps based on the data available. The minutes also note USACE efforts to
track and address sampling concerns expressed by the owner of 3819 48th Street.

• Attachment M: Letter dated March 15, 2001 sent to the property owners of 4710 Quebec
Street, providing the preliminary grid sampling arsenic results from sampling conducted on
February 2, 2001.

• Attachment N: Letter dated May 15, 2001 sent to the property owner of 3819 48th Street,
conveying the preliminary results of the arsenic sampling on their property from sampling
conducted on February 7 and 8, 2001.
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Lot Sample Sample Date Date Data
 Number Type ID Collected Reviewed Validated

mg/kg Qualifier
4710 Quebec soil OU4-4710QS-150,90 2/2/2001 2/12/2001 5.70

soil OU4-4710QS-130,110 2/2/2001 2/12/2001 20.8
soil OU4-4710QS-130,90 2/2/2001 2/12/2001 3.52
soil OU4-4710QS-130,70 2/2/2001 2/12/2001 17.2
soil OU4-4710QS-110,130 2/2/2001 2/12/2001 12.5
soil OU4-4710QS-110,110 2/2/2001 2/12/2001 25.3
soil OU4-4710QS-110,90 2/2/2001 2/12/2001 27.2
soil OU4-4710QS-110,70 2/2/2001 2/12/2001 49.4
soil OU4-4710QS-110,50 2/2/2001 2/12/2001 42.7
soil OU4-4710QS-90,150 2/2/2001 2/12/2001 17.2
soil OU4-4710QS-90,130 2/2/2001 2/12/2001 5.38
soil OU4-4710QS-90,110 2/2/2001 2/12/2001 35.1
soil OU4-4710QS-90,90 2/2/2001 2/12/2001 10.4
soil OU4-4710QS-90,50 2/2/2001 2/12/2001 5.13
soil OU4-4710QS-90,30 2/2/2001 2/12/2001 10.6
soil OU4-4710QS-70,150 2/2/2001 2/12/2001 3.52
soil OU4-4710QS-70,130 2/2/2001 2/12/2001 7.98
soil OU4-4710QS-70,110 2/2/2001 2/12/2001 20.0
soil OU4-4710QS-70,70 2/2/2001 2/12/2001 15.9
soil OU4-4710QS-70,50 2/2/2001 2/12/2001 56.3
soil OU4-4710QS-70,30 2/2/2001 2/12/2001 7.46
soil OU4-4710QS-70,10 2/2/2001 2/12/2001 8.03
soil OU4-4710QS-50,130 2/2/2001 2/12/2001 6.16
soil OU4-4710QS-50,110 2/2/2001 2/12/2001 19.6
soil OU4-4710QS-50,90 2/2/2001 2/12/2001 30.7
soil OU4-4710QS-50,70 2/2/2001 2/12/2001 30.8
soil OU4-4710QS-50,50 2/2/2001 2/12/2001 6.58
soil OU4-4710QS-50,30 2/2/2001 2/12/2001 9.74
soil OU4-4710QS-30,110 2/2/2001 2/12/2001 6.82
soil OU4-4710QS-30,90 2/2/2001 2/12/2001 39.1
soil OU4-4710QS-30,70 2/2/2001 2/12/2001 38.6
soil OU4-4710QS-30,50 2/2/2001 2/12/2001 6.97
soil OU4-4710QS-10,90 2/2/2001 2/12/2001 41.5
soil OU4-4710QS-10,70 2/2/2001 2/12/2001 12.5
soil OU4-4710QS-DUP01 2/2/2001 2/12/2001 21.3
soil OU4-4710QS-DUP02 2/2/2001 2/12/2001 22.0

   >13 ppm, < 26 ppm
   > 26 ppm, < 43 ppm
   > 43 ppm

J - Result is estimated due to a minor QA/QC problem (see report for specific explanation).
U - Analyte not detected at the quantitation limit.
D - Sample was diluted due to matrix interferences.
B - Nondetect due to laboratory blank contamination.

PARAMETER
Arsenic
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Appendix 3
While ROE language and notification have evolved over the years of the Spring Valley project,
USACE has never intentionally sampled a property in Spring Valley without the property
owner’s knowledge and consent. The following attachments are provided in support of this
USACE position:

• Attachment O: Signed Right-of-Entry for 3819 48th Street. Included in this attachment is the
cover letter accompanying the ROE that was sent to the property owner for signature. It
should be noted that neither the ROE nor the cover letter limited the planned sampling to just
arsenic. It should also be noted that the ROE form signed by the property owner had not been
updated before sending so is misdated as 2000 instead of 2001 like the cover letter.
Regardless of this clerical error, the ROE was in effect for 18 months from the date of owner
approval and, thus, was active at the time of AUES List sampling in February 2001.

• Attachment P: Signed ROE for 4625 Rockwood Parkway, dated May 25, 2000.

• Attachment Q: Signed ROE for 4633 Rockwood Parkway, dated September 10, 2000.
Attached with this ROE is the letter sent by USACE showing its efforts to keep the property
owner informed of the sampling plan for arsenic, which was the initial impetus for obtaining
this ROE.

• Attachment R: Signed ROE for 4710 Quebec Street, dated May 22, 2000.

• Attachment S: USACE e-mail dated January 12, 2001 demonstrating USACE’s plans for
notifying property owners about impending sampling events. This e-mail also notes that the
owner of 3819 48th Street was already aware of the planned sampling event.

• Attachment T: Letter dated February 5, 2001 to the owners of 4633 Rockwood Parkway
informing them that in addition to the arsenic sampling, three surface samples from their
property and 4625 Rockwood (another OU4 AUES residential property) will be “analyzed
for a complete suite of contaminants….to verify that there are not elevated levels of other
contaminants in this area.”

• Attachment U: USACE e-mail dated February 6, 2001 acknowledging that the property
owner of 4710 Quebec Street agreed to the USACE plan to conduct additional sampling on
their property, and instructing that a telephone call be placed to the owner to explain the
planned sampling. AUES List sampling was conducted on this property on February 8, 2001.

• Attachment V: Summary memorandum dated May 24, 2002 prepared by Parsons in follow-
up to partnership discussions at the May 22, 2002 Partnering meeting. This memo describes
the sampling activities at 3819 48th Street on February 7 and 8, 2001 and notes the presence
of the property owner during sampling and the concerns he expressed.  The description is
supported by the logbook field notes made on those two dates.
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Appendix 4
This appendix responds to comments provided by DC DOH on 23 specific chemicals. Some of
DC DOH chemical-specific comments were made in the main body of the report, and some were
made in the attachments. USACE has reviewed each of the 23 compounds identified by DC
DOH in its comments; the resulting USACE responses are grouped into the following categories:
• Ubiquitous Chemicals
• Hydrocarbons and Combustion Products
• Natural Products
• Analytical Artifacts
• Other Chemicals

USACE maintains the following with regard to the compounds in question:

• 8 of the 23 compounds are likely to have originated as naturally occurring contaminants, or
have a large number of industrial sources not associated with the AUES.

• 9 of the 23 compounds are either hydrocarbon constituents of fuels or are products of
incomplete wood combustion in fireplaces and woodstoves.

• 3 of the 23 compounds are components of food items.
• 2 of the 23 compounds are almost certainly analytical artifacts.
• The remaining compound is a potential contaminant in a widely used adhesive component.
• None of the 23 compounds listed are experimental chemical warfare agents, and only two

could be a precursor compound to a potential agent. Finally, all chemicals are present at levels
likely to correspond to a de minimis risk.

It is worth noting that USACE found several statements by DC DOH that mischaracterize the
content of the standard references utilized to discuss the toxicity and potential health impacts of
various compounds. The toxicological, production, and occurrence information used to address
these chemical-specific comments by DC DOH in the following sections was collected primarily
from the following sources:
• EPA Region III Risk-Based Concentration Table (October 2002 and April 2003). Available

on line at http://www.epa.gov/reg3hwmd/risk/index.htm
• Hazardous Chemical Desk Reference (Sax, N. I.; Lewis, R. J., Van Nostrand Reinhold, NY,

1987
• Merck Index, (Merck & Co., Inc., Whitehouse Station, NJ)
• EPA, Office of Pollution Prevention and Toxics, Chemical Fact Sheets.

Available on line at http://www.epa.gov/opptintr/chemfact/

Ubiquitous Chemicals
Of the 23 compounds listed in DC DOH’s Tab B, 8 are likely either to have originated as
naturally occurring chemicals or to have large potential sources not associated with the AUES.
Furthermore, these chemicals appear likely to be ubiquitous contaminants in an urban residential
environment.
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2-Butanone
2-Butanone (CAS Registry No. 78-93-3), also known as Methyl Ethyl Ketone
(MEK), occurs in the environment at low levels as a natural product (produced by
some trees and found in small amounts in some fruits and vegetables). It occurs

naturally and has been found in a number of foods and beverages, including Swiss cheese,
cream, barley, bread, honey, oranges, black tea, rum, non-alcoholic beverages, and ice cream. It
is also released to the air from car and truck exhausts. 2-Butanone is produced in large quantities
for use in paints and other coatings, in adhesives, and as a cleaning agent. It is also found in
cigarette smoke. Annual production in the United States in the late 1980s was on the order of
500-700 million pounds.

Tab B in the DC DOH report comments that 2-butanone is “toxic by ingestion and dermal,
affects peripheral nervous system,” citing Hazardous Chemical Desk Reference (Sax, N. I.;
Lewis, R. J., Van Nostrand Reinhold, New York, 1987). This statement by DC DOH
mischaracterizes the content of that reference. A complete reading of Sax and Lewis shows that
2-butanone is “moderately toxic by ingestion, skin contact, and intraperitoneal routes.” The
moderate toxicity is reflected in EPA Region III’s risk-based concentration for residential soil. 2-
Butanone was detected at levels ranging from 0.003 to 0.030 mg/kg at the OU4 residential
properties, whereas EPA Region III has established a risk-based concentration for residential soil
at 46,900 mg/kg. Because 2-butanone is a non-carcinogen, USACE screened the concentrations
detected at OU4 using an adjusted risk-based concentration of 4,600 mg/kg.

2-Butanone is not listed on the AUES list of chemicals, and has never been considered either an
experimental chemical warfare agent or an agent precursor compound. It is used extensively in
industry and is potentially of natural origin. Given its use in consumer products, it is likely to be
a ubiquitous contaminant in an urban residential environment.

Acetone
Acetone (CAS Registry No. 67-64-1) is a manufactured chemical that is also found
naturally in the environment. It occurs naturally in plants and trees at low
concentrations. Low levels of acetone are normally present in the body from the

breakdown of fat; the body can use it in normal processes to make sugar and fat. It is present in
vehicle exhaust, tobacco smoke, and landfill sites. Acetone is used to make plastic, fibers, drugs,
and other chemicals. It is also sold commercially as a solvent and in such consumer products as
nail polish remover. The reported total production volume of acetone in the United States was
2.3 billion pounds in 1990. Industrial processes contribute more acetone to the environment than
natural processes.

Acetone was detected at levels ranging from 0.027 to 0.120 mg/kg, whereas EPA Region III has
established a risk-based concentration for residential soil at 7,800 mg/kg. Because acetone is a
non-carcinogen, USACE screened the concentrations detected at OU4 using an adjusted risk-
based concentration of 780 mg/kg.

Acetone is not listed on the AUES list of chemicals and has never been considered an
experimental chemical warfare agent, although it can be an agent precursor compound. It is used
extensively in industry and is potentially of natural origin. Given its use in consumer products, it
is likely to be a ubiquitous contaminant in an urban residential environment.

O

O
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Carbon Disulfide
Carbon disulfide (CS2, CAS Registry No. 75-15-0) is a natural product of anaerobic biodegradation.
It is also used to manufacture viscose rayon, cellophane, carbon tetrachloride, dyes, and rubber.
Some solvents, waxes, and cleaners contain carbon disulfide. It is also used as an insecticide. In
1985, commercial production was estimated to be 315 million pounds.

Carbon disulfide was detected at levels ranging from 0.008 to 0.170 mg/kg, whereas EPA
Region III has established a risk-based concentration for residential soil at 7,800 mg/kg. Because
carbon disulfide is a non-carcinogen, USACE screened the concentrations detected at OU4 using
an adjusted risk-based concentration of 780 mg/kg.

Carbon disulfide is listed on the AUES list of chemicals, but it has never been considered either
an experimental chemical warfare agent or an agent precursor compound. It is used extensively
in industry, is potentially of natural origin, and is likely to be a ubiquitous contaminant in an
urban residential environment.

Chloromethane
Chloromethane (CH3Cl, CAS Registry No. 74-87-3), also known as methyl chloride, is both an
anthropogenic and naturally occurring chemical. Anthropogenic sources include industrial
production, polyvinyl chloride burning, and wood burning; natural sources include the oceans,
microbial fermentation, and biomass fires (e.g., forest fires, grass fires). Other sources of
exposure to methyl chloride include cigarette smoke, polystyrene insulation, aerosol propellants,
and chlorinated swimming pools. Chloromethane is produced industrially; 994 million pounds
were produced in 1994.

Chloromethane was detected at levels ranging from 0.001 to 0.007 mg/kg, whereas EPA Region
III has established a risk-based concentration for residential soil at 49 mg/kg. Because
chloromethane is a carcinogen, USACE screened the concentrations detected at OU4 using an
unadjusted risk-based concentration of 49 mg/kg. (Note: In 2003, the EPA eliminated the risk-
based concentration for chloromethane in soil.)

Chloromethane is not listed on the AUES list of chemicals and has never been considered either
an experimental chemical warfare agent or an agent precursor compound. It is used extensively
in industry, is potentially of natural origin, and is likely to be a ubiquitous contaminant in an
urban residential environment.

3-Methyl-2-Butanone
3-methyl-2-butanone (CAS Registry No. 563-80-4) is also known as Methyl Isopropyl
Ketone (MIPK). The analysis indicates that there is sufficient evidence to make a
tentative identification of MIPK as present in some of the samples. MIPK is used as an
intermediate in the synthesis of other chemicals and as an industrial solvent. It may

also find some use as a solvent in specialty coatings applications, such as nitrocellulose lacquers. It
can be used as an MEK substitute. No production data for MIPK were readily available.

The MIPK concentration was estimated at levels ranging from 0.002 to 0.040 mg/kg; EPA
Region III has not established a risk-based concentration for MIPK. Given its structural
similarity to MEK, it likely corresponds to a de minimis risk.

O
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MIPK is not listed on the AUES list of chemicals and has never been considered either an
experimental chemical warfare agent or an agent precursor compound. It is used extensively in
industry and is likely to be a ubiquitous contaminant in an urban residential environment.

2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene
2,6,6-Trimethylbicyclo[3.1.1]hept-2-ene (CAS Registry No. 80-56-8) is also known as
�-pinene. The analysis indicates that there is sufficient evidence to make a tentative
identification of �-pinene as present in some of the samples. �-Pinene is a monoterpene
that is a major component of wood turpentine; it is obtained from the resinous sap of pine
trees by steam distillation. Terpenes are widely used as solvents for paints, protective
coatings, polishes, and waxes; flavorings; deodorants; and medicines (as in the treatment

of acne). �-Pinene is continuously emitted into the atmosphere from all plants, mainly from conifers.
Estimates of biogenic and anthropogenic emissions indicate that all human exposure to �-pinene is
essentially from biogenic sources. No production data for �-pinene were readily available.

The �-pinene concentration was estimated at levels ranging from 0.010 to 0.080 mg/kg; EPA
Region III has not established a risk-based concentration for �-pinene. Based on toxicity data for
laboratory mammals (LD50 of 3,700 mg/kg), this concentration is not anticipated to present any
adverse health effects. In addition, �-pinene is recognized as a food additive by the U.S. Food
and Drug Administration.

�-Pinene is not listed on the AUES list of chemicals, although turpentine is listed (�-pinene is a
component of turpentine). �-Pinene has never been considered either an experimental chemical
warfare agent or an agent precursor compound. It is of natural origin, is used extensively in
industry, and is likely to be a ubiquitous contaminant in an urban residential environment.

Dichlorodifluoromethane
The DC DOH’s Tab B lists “dichlorofluoromethane,” whereas the USACE report indicates that
dichlorodifluoromethane (CCl2F2, CAS Registry No. 75-71-8) was found in samples from the
site. Dichlorodifluoromethane is also known as CFC-12. Because it is an ozone-depleting
chemical, production of CFC-12 was halted on 1 January 1996. However, prior to being banned,
it was used as a refrigerant in domestic and automobile air conditioners, aerosol propellant,
foam-blowing agent, and solvent, as well as in the manufacture of fluoropolymers. Peak annual
production in the United States was over 500 million pounds.

The CFC-12 concentration was estimated at levels ranging from 0.067 to 0.160 mg/kg; EPA
Region III has established a risk-based concentration for CFC-12 in residential soil at
16,000 mg/kg. Because CFC-12 is a non-carcinogen, USACE screened the concentrations
detected at OU4 using an adjusted risk-based concentration of 1,600 mg/kg. As an indicator of
the non-toxic nature of CFC-12, it is noted that existing stocks continue to be used as propellants
in bronchial dilator pharmaceutical preparations.

CFC-12 is not listed on the AUES list of chemicals and has never been considered either an
experimental chemical warfare agent or an agent precursor compound. It is almost certainly
unrelated to AUES activities; the compound was only discovered in the late 1920s and the first
patent application for the manufacture of CFC-12 was filed on 5 April 1930 (Midgley et al.,
Manufacture of aliphatic fluoro compounds, U.S. Patent 1,930,129). It has been used extensively
in industry and consumer products and is likely to be a ubiquitous contaminant in an urban
residential environment.
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Carbonyl Sulfide
Carbonyl sulfide (COS, CAS Registry No. 463-58-1) is also known as carbon oxide sulfide. The
analysis indicates that there is sufficient evidence to make a tentative identification of carbonyl
sulfide as present in some of the samples. Carbonyl sulfide is a gas at normal temperatures and
pressures. It is used as an intermediate in the synthesis of organic sulfur compounds and alkyl
carbonates. The compound can be released to the atmosphere naturally from marshes, soils, and
deciduous and coniferous trees. It can also be released to the ambient environment as a result of
the combustion of sulfur-containing fuels. Anthropogenic emissions have been estimated to be
less than one-third of natural emissions.

The carbonyl sulfide concentration was estimated at levels ranging from 0.006 to 0.010 mg/kg;
EPA Region III has not established a risk-based concentration for carbonyl sulfide. Based on data
summarized by the EPA’s Office Pollution Prevention and Toxics (1994), this concentration in soil
is not anticipated to present any adverse health effects.

Carbonyl sulfide is not listed on the AUES list of chemicals and has never been considered either
an experimental chemical warfare agent or an agent precursor compound. It is used extensively
in industry, is potentially of natural origin, and is likely to be a ubiquitous contaminant in an
urban residential environment.

Hydrocarbons and Combustion Products
Of the 23 compounds listed in DC DOH’s Tab B, 9 are either hydrocarbon constituents of
fuels—such as gasoline (octane, E-2-octene, 3-methyleneheptane)—or are aldehydes
(acetaldehyde, hexanal, 5-methylhexanal, octanal, pentanal, 14 octadecenal). Aldehydes are
formed as a result of incomplete wood combustion in fireplaces, woodstoves, forest fires, and
wildfires. They are also produced during pulp and paper production and emitted from stationary
internal combustion engines and turbines, vehicle exhaust, and wastewater processing. The
analysis indicates that there is sufficient evidence to make a tentative identification of these
compounds as present in some of the samples.

These compounds are not listed on the AUES list of chemicals and they have never been
considered either an experimental chemical warfare agent or an agent precursor compound. They
are mostly of natural origin and used to a minor degree in industry; some are components of
gasoline and other fuels. They are likely to be a ubiquitous contaminant in an urban residential
environment. Estimated concentrations are given in Table App.4-1.

Table App.4-1: Estimated Concentrations of Hydrocarbons and Combustion Products
Compound Synonym CAS Registry No. Estimated concentration (µg/kg)

Octane 111-65-9 8-20
E-2-octene Trans-2-octene 13389-42-9 7-60
3-methyleneheptane 2-ethyl-1-hexene 1632-16-2 6-10
Acetaldehyde 75-07-0 4-40
Hexanal 66-25-1 10-100
5-methylhexanal 1860-39-5 3-10
Octanal 124-13-0 4-20
Pentanal isomer 1 NA 3-30
14 octadecenal NA 180
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In Tab B, DC DOH states that acetaldehyde “causes respiratory paralysis” and cites the Ninth
Edition of the Merck Index. This statement mischaracterizes the content of that reference and
fails to take into account the concentration of the chemical reported at the OU4 properties. The
Merck Index entry for acetaldehyde notes that “large doses may cause death by respiratory
paralysis” and provides an oral LD50 of 1.9 g/kg in laboratory rats; this roughly corresponds to a
dose of 140 g for 70 kg human. At soil concentrations of 0.040 mg/kg, acute poisoning would
require consumption of over 3,000 metric tons of soil. Although children are potentially more
susceptible, they would still need to consume many times their body weight in contaminated soil
in order to experience toxic effects. EPA Region III does not list an RBC for acetaldehyde in
soil, likely because it is essentially non-toxic by ingestion as demonstrated by its use as a
flavoring agent. Acetaldehyde is a by-product of yeast production and is a naturally occurring
compound in wine, bread, soy sauce, and other yeast-fermented products.

Tab B in the DC DOH report states that octane is an “asphyxiant and blister agent” and cites Sax
and Lewis. This statement mischaracterizes the content of the reference. Sax and Lewis write that
octane “may act as a simple asphyxiant.” Elsewhere, the reference describes the action of a simple
asphyxiant as “excluding O2 from the lungs. The effect of simple asphyxiant gases is proportional
to the extent to which they diminish the amount (partial pressure) of O2 in the air that is breathed.”
Parts per million levels in soil will not significantly diminish the amount of oxygen in the air that is
breathed. Similarly, Sax and Lewis write that “human dermal exposure to undiluted octane for five
hours resulted in blister formation.” This effect is unrelated to the class of chemical warfare agents
classified as blister agents and is very unlikely to occur at the levels found in the samples.

Tab B of the DC DOH’s comments states that hexanal is “toxic [by] ingestion and inhalation,
(acrid smoke),” citing Sax and Lewis. This statement mischaracterizes the content of that
reference. Sax and Lewis write that hexanal is “mildly toxic” and “when heated to
decomposition, it emits acrid smoke and fumes.” The oral LD50 for hexanal in laboratory rats is
4,890 mg/kg, which corresponds to a dose of 342 grams (0.8 lb) for an adult human. At soil
concentrations on the order of 0.100 mg/kg, acute poisoning would require consumption of over
3,000 metric tons of soil.

Natural Products
Of the 23 compounds listed in Tab B of the DC DOH’s comments, 3 are major components of a
number of food items, are likely to have originated as naturally occurring contaminants, or have
large potential sources that are not associated with the AUES.

Hexadecanoic Acid
Hexadecanoic acid (CAS Registry No. 57-10-3) is also known as palmitic acid. The analysis
indicates that there is sufficient evidence to make a tentative identification of this compound as
present in some of the samples.
The DC DOH’s Tab B confuses “hexadecanoic acid” with “decanoic acid.” The DC DOH
material on hexadecanoic acid indicates that “decanoic acid is a poison (acrid smoke).” Decanoic
acid (chemical formula C10H20O2) is a different chemical compound than hexadecanoic acid
(chemical formula C16H32O2). Sax and Lewis have an entry under “palmitic acid” that indicates
that it is a poison by the intravenous route; the substance is essentially non-toxic by the oral
route. Sax and Lewis also write that when heated to decomposition, it emits acrid smoke and
irritating fumes; the relevance of smoke generation, as cited in the DC DOH report, to parts per
billion levels in soil is unclear. Palm oil contains 44 percent palmitic acid esters; other natural
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oils contain significant quantities of palmitic acid esters. Enzymatic digestion of the oil produces
the free acid.

The palmitic acid concentration was estimated at levels ranging from 0.089 to 0.670 mg/kg. EPA
Region III has not established a risk-based concentration for palmitic acid, most likely because it
is essentially non-toxic and is a major component of many food items.

Palmitic acid is not listed on the AUES list of chemicals and has never been considered either an
experimental chemical warfare agent or an agent precursor compound. It is of natural origin, is
used extensively in industry, and is likely to be a ubiquitous component of the environment.

Oleic Acid
Oleic Acid (CAS Registry No. 112-80-1) is also known as Z-9- octadecenoic acid. The analysis
indicates that there is sufficient evidence to make a tentative identification of this compound as
present in some of the samples.

The DC DOH’s Tab B states that oleic acid is a “poison and skin irritant,” citing Sax and Lewis.
This statement mischaracterizes the content of that reference. Sax and Lewis write that oleic acid
is a “poison by intravenous route;” they also cite toxicological data for laboratory rats indicating
an intravenous LD50 of 2,400 µg/kg versus an oral LD50 of 74 g/kg; this indicates that oleic acid
is 30,000 times less toxic by ingestion. Olive oil contains 55-85 percent oleic acid esters. Extra
virgin olive oil can have up to 1 percent free oleic acid, virgin between 1 and 3 percent free oleic
acid. Other natural oils contain significant quantities of oleic acid esters. Enzymatic digestion of
these oils produces the free acid.

The oleic acid concentration was estimated at levels ranging from 0.130 to 4.20 mg/kg; EPA
Region III has not established a risk-based concentration for oleic acid, most likely because it is
essentially non-toxic and is a major component of many food items.

Oleic acid is listed on the AUES list of chemicals, but it has never been considered either an
experimental chemical warfare agent or an agent precursor compound. It is of natural origin, is
used extensively in industry, and is likely to be a ubiquitous component of the environment.

1-Eicosanol
The analysis indicates that there is sufficient evidence to make a tentative identification of
1-eicosanol (CAS Registry No. 629-96-9) as present in some of the samples. 1-Eicosanol is used
by plants and animals to make wax, which is a mixture of esters of long-chain alcohols and long-
chain carboxylic acids. The alcohol has been found in the secretions from the abdominal tips of
queen bees, and beeswax samples have included eicosyl hexadecanoate and eicosyl
octadecanoate. It is also present in plant waxes, including Jojoba wax.

The 1-eicosanol concentration was estimated at levels ranging from 0.190 to 0.200 mg/kg. EPA
Region III has not established a risk-based concentration for 1-eicosanol, most likely because it
is essentially non-toxic and is a major component of a number of natural products.

1-Eicosanol is not listed on the AUES list of chemicals and has never been considered either an
experimental chemical warfare agent or an agent precursor compound.
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Analytical Artifacts
Of the 23 compounds listed in the DC DOH’s Tab B, 2 are likely to be analytical artifacts—false
positives—because they are not present in the soil samples collected from the OU4 residential
locations. These compounds are unlikely to be present in the soil at AUES.

Bicyclo[2.2.1]heptane-7,7-d
Bicyclo[2.2.1]heptane-7,7-d is almost certainly a misidentified substance or an analytical
artifact. The analysis indicates that this is a tentatively identified compound (TIC). In
practice, TICs result from analyses using gas chromatography/mass spectrometry
(GC/MS) when a compound not on the target analyte list is detected. The instrument
compares the pattern of ions produced in the MS part of the instrument with a computer

library and tentatively identifies the compound with the library spectrum that provides the best
match. In this case, the best match apparently was an isotopically-labeled compound that is unlikely
to occur outside a laboratory. It almost certainly would not result from AUES activities, as
isotopically labeled compounds did not become common research tools until well after World War
II. Isotopically labeled compounds have never been considered either experimental chemical warfare
agents or agent precursor compounds.

It is possible that identification could be made by an analyst reviewing the reconstructed ion
chromatogram from the data package. However, it is very likely that this is a monoterpene
(similar in structure to �-pinene) of some sort; a more specific identification may not be possible.
Given that the concentration of this compound is estimated at 0.006 to 0.050 mg/kg, further
effort at identification may not be reasonable.

Octamethylcyclotetrasiloxane
Octamethylcyclotetrasiloxane (CAS Registry No. 556-67-2) is an analytical
artifact. Traditional polysiloxane-type GC column stationary phases degrade at
elevated temperatures. The degradation process is well documented and consists
of the thermal rearrangement of the siloxane backbone to produce
cyclosiloxanes, such as octamethylcyclotetrasiloxane. These compounds are
volatile and elute from the column as column “bleed”. The estimated

concentrations reported (0.003 to 0.010 mg/kg) are typical of column bleed; the likelihood that
this substance was present in the samples as taken is very small. Where
octamethylcyclotetrasiloxane is a suspected contaminant, the analysis must be performed using
an extra-low bleed capillary column to avoid this potential for interference.

Other Chemicals
There was only one chemical that could not be characterized within the other groups listed above.

1,2,3-Trichloropropene
The analysis indicates that there is sufficient evidence to make a tentative
identification of 1,2,3-trichloropropene (CAS Registry No.96-19-5) or a similar
compound as present in some of the samples. 1,2,3-Trichloropropene is generally

found as a contaminant of epichlorohydrin, which is used in turn to manufacture glycerin and
unmodified epoxy resins.
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The 1,2,3-trichloropropene concentration was estimated at levels ranging from 0.100 to
0.280 mg/kg, whereas EPA Region 3 has established a risk-based concentration for residential soil
at 390 mg/kg. Because 1,2,3-trichloropropene is a non-carcinogen, USACE screened the
concentrations detected at OU4 using an adjusted risk-based concentration of 39 mg/kg.

1,2,3-trichloropropene is not listed on the AUES list of chemicals; 1,2,3-trichloropropane, which
is on the list, is a different substance. 1,2,3-Trichloropropene has never been considered an
experimental chemical warfare agent, although it can be an agent precursor compound.
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Spring Valley Operable Unit 5 
Washington, DC 

Prepared for US Army Corps of Engineers (USACE) 
Prepared by Parsons 

Selection of Appropriate Sampling Methodology for the Comprehensive 
Sampling Area 

BACKGROUND

A comprehensive soil sampling operation will be conducted as part of the Spring 
Valley Operable Unit 5 investigation.  The area investigated has been divided into two 
distinct areas: the central testing area (CTA), where field testing of Chemical Warfare 
Materiel (CWM) has been documented, and the rest of the Spring Valley acreage, 
designated the Comprehensive Sampling Area (CSA).  Surficial soil sampling for arsenic 
will be performed in each area.  However, each area has different sampling procedures 
based on the assumption that the CSA will contain lower arsenic concentrations than the 
CTA.

PROBLEM

In general accordance with the EPA’s Soil Screening Guidance, 1996, each CTA 
site or exposure area (EA) is to be divided into four quadrants.  Each quadrant will have 
one soil sample comprising six sub-samples, i.e., six (6) random locations within the 
quadrant are composited into one sample for the quadrant.   Because the CSA is expected 
to have lower arsenic concentrations, a more limited sampling effort is to be conducted to 
screen for potential contamination.  For the CSA, each EA is to be divided, as evenly as 
possible, into two halves.  The question to be resolved is how many sub-samples must be 
collected per half to retain the statistical power of the CTA procedure.  (A detailed 
description of the quadrant sampling methodology is provided in the Work Management 
Plan, Final, Spring Valley OU-4, August 14, 2000, Parsons Engineering Science.) 

SOLUTION

Because arsenic concentrations in soil vary spatially within an EA, increasing the 
number of sub-samples in each composite sample has the effect of increasing the ability of 
the measured sample arsenic concentration to accurately represent the overall average 
arsenic concentration within the EA. 

Arsenic concentrations in the composite soil samples are compared to a soil 
screening level (SSL).  In this case, the SSL for arsenic in surface soil was determined to 
be 12.6 mg/kg, which is the 95th percentile of the background distribution.  If the mean 
contaminant concentration on an EA exceeds the SSL, a decision is made to investigate 
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with additional intensive (grid) sampling.  If the mean concentration is less than the SSL, a 
decision is made to not investigate further. 

Because all sample data include uncertainty, errors can be made in the decision 
to investigate further or not investigate further any given EA.  The rate of these errors can 
be controlled, however.  Deciding to not investigate further when the true average 
concentration in an EA exceeds the SSL (additional investigation is warranted) is called a 
Type I error.  Deciding to investigate further when the correct decision would be to not 
investigate further is a Type II error.  Type II errors cause additional expense, but are 
typically of less concern than Type I errors.  USEPA Soil Screening Guidance Technical 
Background Document Part 4 (EPA Document Number: EPA/540/R-95/128)  (EPA, 1996) 
establishes the following goals for Type I and Type II decision error rates:  

�� Type I: Less than 0.05 (5%) probability of not investigating further when 
“true mean” of the EA is 2 times the SSL. 

�� Type II: Less than 0.2 (20%) probability of investigating further when “true 
mean” of the EA is 0.5 * SSL.   

The “gray region” from 0.5 SSL to 2 SSL represents the range of contaminant 
concentrations levels near the SSL, where uncertainty in the data (i.e., the variability) can 
make the decision “too close to call.”  By specifying the upper edge of the gray region as 
twice the SSL, it is possible that exposure areas with mean values slightly higher than the 
SSL may be screened from further study.  However, an upper and lower value is required 
to determine the power and significance of the test.  While the gray region discussed in the 
EPA Guidance (1996) is based on a risk-based decision criteria and the decision criteria of 
12.6 mg/kg is based on the distribution of the background data, a similar rationale was 
used in this study.   Please note that the EPA Soil Screening Guidance decision error rates 
meet the USACE’s goal of being more conservative than the minimums recommended in 
EPA’s Guidance for Data Usability in Risk Assessment.

The purpose of this exercise was to identify the minimum number of sub-
samples per composite sample in a CSA site that would limit the Type I error rate to 5% or 
less and the Type II error rate to 20% or less. 

In order to do this, existing data from outside the CTA were used to estimate 
the coefficient of variation (CV) for arsenic concentrations in the study area.  The data 
from six EAs on Rockwood Parkway that had been quadrant sampled and then had follow-
on grid sampling, were used.  The mean value and standard deviation of the samples from 
these six EAs are 19.8 mg/ kg and 34.4 mg/kg, respectively.  Therefore, the CV is 1.73. 
Additionally, as with other data collected in the region, the arsenic concentrations in soil 
followed a log-normal distribution. 

Using information from this field data, 5,000 computer simulations using the 
Monte Carlo process were used to estimate the percentage of Type I and Type II errors that 
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would be expected for a range of sub-sample values.  1,000 simulations were used in the 
EPA Guidance calculations, however, with the EAs divided into 2 sectors (as opposed to 4 
or more), additional simulations were required to achieve stable, reproducible results for 
this analysis.  Because the sub-samples were drawn randomly, the calculated sample 
results incorporate the distribution of arsenic values that could be expected to occur 
naturally through sampling. 

To quantify the Type I error, the mean of the population was assumed to be 2* 
decision criteria of 12.6 mg/kg (= 25.2 mg/kg).  The standard deviation for a population 
with this mean was estimated using the CV from the field data (1.73).  Therefore, the 
standard deviation for the simulated populations was set equal to 43.6 mg/kg (= 1.73 * 
25.2).  These parameters were used to generate random samples from a log-normal 
population that represented a distribution of arsenic concentrations.    For each simulation, 
two averaged composite samples (one for each half of the EA) were randomly generated 
using from 4 to 12 sub-samples.   The maximum of these two values was compared with 
the decision criteria of 12.6 mg/kg.  If this value was greater than 12.6 mg/kg, the decision 
was made to “further investigate.”  If this value was less than 12.6 mg/kg, the decision was 
made to “not investigate further”.   The Type I error was calculated by determining the 
proportion of the 5,000 simulations in which the decision was made to “not investigate 
further.”

To quantify the Type II error, the mean of the population was assumed to be 
0.5* decision criteria of 12.6 mg/kg (= 6.3 mg/kg).  The standard deviation was estimated 
using the coefficient of variance from the field data (1.73).  Therefore, the standard 
deviation for the simulated populations was set equal to 10.9 mg/kg (= 1.73 * 6.3).  As 
discussed above, simulated maximum values were compared to 12.6 mg/kg, with 
maximum values greater than the SSL requiring further investigations.  Values less than 
12.6 mg/kg are not studied further.   The Type II error was calculated by determining the 
proportion of the 5,000 simulations in which the decision was made to “further 
investigate.”

A summary of the results of the Max Test as applied to the simulations is 
provided in the Table 1.  As expected, increasing the number of sub-samples per composite 
sample reduces the incidence of both Type I and Type II errors.  The Type I error column 
indicates the proportion of time that the decision is made to not conduct further 
investigations (i.e., the max is less than the decision criteria of 12.6 mg/kg), given that the 
true mean of the sample population used in the simulation is 2* decision criteria of 12.6 
mg/kg.  This number must be less than 5% for this project.  For example, with five (5) sub-
samples, 4.6% of the time the decision is erroneously made to not investigate further when 
the true concentration is at 2* decision criteria of 12.6 mg/kg.  The Type II error column 
indicates the percentage of time that the decision is made to conduct further study when the 
true concentration at the site is less than 0.5* decision criteria of 12.6 mg/kg.  This must be 
less than 20% for this project.
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Table 1 shows that a minimum of five (5) sub-samples composited into one 
sample per EA half will meet the project goals for Type I and Type II errors.

Table 1.  Summary of Simulation Results  

(N1=2;  CV2 = 1.73;  5,000 simulations) 

Number of Sub-
Samples per Composite 

Sample

Percentage of Random 
Samples Resulting in 

Type I error 
Mean = 2*SSL 

Percentage of Random 
Samples Resulting in 

Type II error 
Mean = 0.5*SSL 

4 6.8 16.9 
5 4.6 14.9 
6 3.1 13.1 
7 2.6 12.9 
8 1.6 10.8 
9 1.2 10.6 
10 1 9 
11 0.6 8.9 
12 0.6 8.3 

1 – Each EA was divided into N sectors (2 halves). 
2 – The CV value was obtained from the Rockwood Parkway 6 dataset. 

It should be noted that a relatively recent recalculation of the 95th percentile of 
the background distribution revealed that this value should be 12.9 mg/kg instead of 12.6 
mg/kg.  The recalculation was based on a field duplicate sample result that was incorrectly 
included in the dataset.  The above analysis was performed using the updated value of 12.9 
mg/kg and the result was the same conclusion as for the 12.6 mg/kg value.  For the sake of 
consistency, the decision criteria of 12.6 mg/kg was used in this study and will be continue 
to be used for the project. 
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Spring Valley Operable Unit 4 
Washington, DC 

ANALYSIS OF EFFECT OF DIFFERENT SAMPLING METHODOLOGIES ON 
FURTHER ACTION DECISIONS 

Parsons performed quadrant soil screening at numerous residences or exposure areas (EAs) 
of the Spring Valley neighborhood of Washington, DC, for the Spring Valley Operable 
Unit 4 RI/FS project.  The quadrant sampling method utilized to composite subsamples 
into samples for analysis deviated slightly from the method specified in the EPA Soil 
Screening Guidance User’s Guide (User’s Guide).  Each of the EAs were divided as evenly 
as possible into four quadrants.  In each quadrant, six subsamples were randomly collected 
and composited into a single sample for each quadrant and submitted for analysis.  This 
resulted in four samples per EA, one per quadrant.  The User’s Guide states six samples 
should be collected by compositing 4 subsamples, with one subsample randomly selected 
from each quadrant.  This results in six samples representing the entire EA rather than the 
alternate procedure used that results in four samples representing the EA and provides 
additional information about the spatial distribution among the quadrants.  

Parsons evaluated the data collected to date to determine the following:   

1. Does the difference in sample compositing methodology (User’s Guide versus 
alternate method) result in a different screening decision? 

2. If so, which method is more conservative or protective of human health?   

3. If the alternative procedure could result in decisions to “walk away” from an EA 
without further investigation (i.e., fail to identify an EA with a level above the soil 
screening level (SSL) when the level exist) when the User’s Guide methodology 
would result in a decision to investigate further, could the screening decision 
criteria for the alternate method be adjusted such that it would be as conservative 
(protective)?

The alternate procedure utilized has the advantage of yielding more information about the 
spatial distribution of contaminant within the EA.  Contaminant concentrations in soil are 
seldom found to be spatially uniform across an EA. Thus, this alternative method 
intuitively should be more protectively conservative when decision rules are based on the 
maximum observed concentration.  That is, by compositing samples within the quadrant 
rather than across the EA, a single high quadrant will not be diluted by the remaining 
quadrants.  However, fewer samples used to make the estimates of the average 
concentration of a contaminant over the entire EA may result in a higher variance, thereby 
reducing the statistical power to discern differences from the Soil Screening Level (SSL). 

Six EAs on Rockwood Parkway had been quadrant sampled and then grid sampled (with 
from 20 to 42 non-composited samples equally spaced on 20 foot centers across each EA).  
It was assumed these were representative of the actual population of concentrations in the 
EA.  Next, Parsons statistically re-sampled these gridded EAs one thousand times by both 
the User’s Guide method and the alternate procedure.  This resulted in one thousand 
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possible combinations (for each method) of 6 total samples (User’s Guide) or 4 total 
samples (alternative method). The Chen test (one of the tests recommended in the EPA 
Guidance) was applied to each of these possible combinations to identify the likelihood of 
decisions to investigate further or walk away (no further investigation) by either method.  
The results are summarized in Table 1. 

The SSL for arsenic for the Spring Valley site is 12.6 parts-per-million (95th percentile of 
the background concentration).  For four of the six EAs, including those with the highest 
arsenic levels, application of the alternate procedure compositing method resulted in the 
same decision (investigate further or walk away) as the User’s Guide method 100% of the 
time.  In two EAs, however, application of the alternate procedure could have resulted in a 
higher probability that the decision would be to walk away.  This observation was 
confirmed with theoretical lognormal concentration distributions.  The attempt was made 
to counter this tendency toward a higher probability of making the walk away decision by 
artificially adjusting the SSL downward in the Chen test.  It was determined that by 
reducing the SSL from 12.6 to 12.1 (4%) with the alternate procedure compositing method, 
the results were at least as conservative as those obtained using the SSL of 12.6 and the 
User’s Guide compositing method.  In simulations using theoretical lognormal 
concentration distributions of arsenic, it was found that the reduction in SSL required to be 
equally conservative did not exceed 4 %, and in some cases was as small as 0.5%. 

Next, the Chen test was applied to 39 of the 42 EAs quadrant sampled in the initial phase 
of the residential sampling using only the alternate procedure. The Chen test indicated that 
10 of the 39 required further investigation.  We then adjusted the SSL from 12.6 to 12.1 in 
the Chen test and applied it to the same data from the 39 EAs.  The results were identical, 
with 10 sites requiring further investigation.  Thus, the adjustment to the Chen test to 
achieve an equal probability of deciding to not investigate further did not result in any 
changes in decision for the 39 Spring Valley sites. 

In conclusion, the alternative method did not affect the result of the decision on whether 
further investigation was required.  However, this could change if there is a wide variation 
of concentrations within an EA.  Such properties may be better sampled using the User’s 
Guide method.  However, the alternative method provides important information on the 
spatial distribution of contaminant concentrations within an exposure area. 

Based upon the results to date, we recommend continuing with the alternative procedure. 
Any property with any result greater than 12.6 ppm will receive additional investigation.  
Data from the remaining properties will be analyzed with the Chen test with the SSL 
artificially lowered to 12.1 ppm.  In addition, as additional grid results for properties 
become available, it is recommended that the analysis reported above be performed 
periodically to confirm the value of the SSL for the alternative method. 
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TABLE 1 
Comparison of Results for Gridded Rockwood Parkway EAs 

Based on Grid Sampling on Rockwood Parkway 

EA
Probability of making the decision to “walk away” 

based on the Chen test. 
 User’s Guide 

Method 
Alternate  
Method 

SSL = 12.6 SSL = 12.6 SSL = 12.1 
4621 Rockwood 0% 0% 0% 
4625 Rockwood 0% 0% 0% 
4629 Rockwood 23% 61% 11% 
4633 Rockwood 1% 3% 1% 
4637 Rockwood 0% 0% 0% 
4641 Rockwood 0% 0% 0% 




