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DEFINITIONS 

Aroclor 

Certificate of Disposal 

A common tradename for PCB dielectric oil used in transformers. 
Aroclor 1254 means that a biphenyl molecule' (two chlorine atoms 
surrounded by 12 carbon atoms) is chlorinated at a 54% ratio by 
weight. 

A Certificate of Disposal is a document generated by the disposer 
of PCB waste for PCBs and/or PCB Items disposed of at the 
facility. 

Chemical Waste Landfill A landfill at which protection against risk of injury to human 
health or the environment from migration of PCBs to land, water, 
or the atmosphere is provided from PCBs and PCB items deposited 
therein by locating, engineering, and operating the landfill as 
specified in 40 CFR 761.75. 

Destructive Samples Collection of physical samples usually on porous surfaces using 
an impact drill or other means. 

Draft EPA Method 4020 A field screening method used to acquire cost effective in situ data 
(Immunoassay) to determine areal extent and vertical migration of 
PCBs. This method may also be used to venfy decontamination is 
appropriate. 

EPA Method 8080 

Hydrohammer 

Kettleman, California 

Outdoor Electrical 

PCB(s) 

An EPA approved method for laboratory analysis of PCBs 
commonly used to verify final cleanup standards were met. 

A heavy duty pneumatic "jack hammer like" attachment usually 
fitted to a backhoe or excavator for breaking rock or concrete. 

A selected Chemical Waste Landfill for this PCB removal project. 

Outdoor, fenced, and restricted access area used in the Substation 
transmission andor distribution of electrical power as defined 
under 40 CFR 761.30(l)(l)(ii). 

Polychlorinated biphenyl(s) are chemical substances consisting of 
the biphenyl molecule which has been chlorinated to varying 
degrees. PCBs are often associated with other chlorinated 
hydrocarbon compounds such as Furans and Dioxins. 
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Restricted Access Area A location limited by natural or manmade barriers at least 0.1 
kilometers from residential or commercial areas. PCB spills or 
releases occurring in a Restricted Access Area must be cleaned up 
to 25 ppm PCBs by weight for soil and 1oOug/100cm2 for all other 
solid surfaces per 40 CFR 761.125. 

TSCA The Toxic Substance Control Act (TSCA) was passed by Congress 
in 1976 and was designed primarily as a vehicle in which chemicals 
could be evaluated before use thereby reducing risk to human 
health, other organisms and the environment. 
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1.0 Introduction 

This completion report describes the Polychlorinated Biphenyl (PCB) Removal Project, including 
the site histories, remediation activities, and the disposition of the waste. The removal activities 
began in the fall of 1995 and concluded in late summer of 1996. All removal activities were 
conducted in accordance with the Final Proposed Action Memorandum (PAM), Remediation of 
PCBs (DOE 1995), Final Sampling andAnalysis Plan (SAP) (RMRS 1995a), and Final Project- 
Specijic Health and Safety P la f lCB Removal Project (RMRS 1995b). 

The remediation of PCBs was initiated with the discovery of PCB-contaminated soil in July of 
1991. Specific sites (hereafter referred to as PCB sites) were identified through a &wide 
assessment (EG&G 1991), assigned a unique identification number (i.e.? PCB Site l), and 
incorporated into the Historical Release Report (HRR) (DOE 1992) as Potential Areas of 
Concern (PACs). Of those identified in the HRR, twelve required additional evaluation because 
of suspected PCB levels in excess of the 25 parts per million (total) Toxic Substances Control Act 
(TSCA) guidance for Restricted Access Areas at outdoor electrical substations. The investigation 
and subsequent remediation was performed in accordance with Section I.B. 10 of the Interagency 
Agreement (IAG) (DOE 1991) which provides a mechanism to expedite a Risk 
ReductiodSource Removal Action utilizing an approved PAM. The Environmental Protection 
Agency (EPA) and the Colorado Department of Public Health and Environment (CDPHE) 
concurred with this approach and approved the 25 ppm guidance level for PCB contamination at 
the Rocky Flats Environmental Technology Site (WETS). 

Remediation of 11 of the 12 PACs was successful in obtaining closure criteria as demonstrated by 
post-removal verification results below the 25 ppm standard. The Annual Update for  the 
Historical Release Report (DOE 1996b) submitted to the Department of Energy (DOE), EPA 
and CDPHE in accordance with the Final Rocky Flats Cleanup Agreement (RFCA) (DOE 1996a) 
proposed No Further Action (NFA) status for these 11 PACs. These sites will be officially closed 
under the Industrial Area Operable Unit (OU) Record of Decision (ROD). The ROD will also 
address the PAC (PAC-1 102FCB-21) at which residual concentrations above the 25 ppm 
standard remain. The validation results will be evaluated for data usability as part of the quality 
control for the project and submitted as an addendum to this report. 
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2.0 Background and Pre-remediation Activities 

A sitewide program was initiated in 1991 to identify known, suspect, and potential PCB 
contaminated sites at WETS. The study, documented in Assessment of Potential Environmental 
Releases of PCBs Preliminary Assessmendsite Description, (EG&G 199 1) consisted of 
document and record reviews, personnel interviews, and field sampling and analysis at 37 
locations. These suspect locations became known as PCB sites 1-37. Based on the results 
presented in the assessment (EG&G 1991), the following sites were targeted for expedited action 
in accordance with Section I.B.10 of the Rocky Flats Interagency Agreement (IAG) (DOE 1991) 
as documented in the Final PAM, Remediation of PCBs (DOE 1995). The locations, identified by 
PCB site number, are illustrated on the site map which follows. -_ 
To delineate the lateral and vertical extent of PCB contamination at these sites, surficial and 
subsurface soil samples were collected and analyzed in the field using an immunoassay technique, 
Draft Method 4020. Additionally, if concrete was present within a given PCB site, then the area 
of the site was calculated and statistically gridded so that destructive concrete samples could be 
collected and analyzed using EPA Method 8080. Grid squares were assigned a number and 
samples were collected based upon random number generation. In several cases, the collection 
points fell within an unattainable area (such as under a transfonner) and the sampling grid had to 
be re-run. 

Table 2-1 provides a cross-reference between PCB TSCA site numbers as identified in the original 
PCB assessment (EG&G 1991) and its respective PAC number as presented in the HRR (DOE 
1992). In addition, pre-remediation PCB concentrations for the soil and concrete samples are 
provided with the closest adjacent building for site reference. 



I .rl.-wdn+os. 
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Table 2-1, Pre-Remediation Soil and Concrete Levels 

600-1003 I PCB-13 I 6611675 I CT00039RM 

800-1207 I PCB-17 I 883 I SS00470ST 

700-1102 I PCB-21 I 776 I SS00503ST 

700-1102 I PCB-21 I 776 1 CT00003EG 

700-1104 1 PCB-24 I 708 I CT00008EG 

700-1103 I PCB-25’ I 707 I SS00325ST 

SS00513ST 

CTOOOl IEG 

SS00606ST 

300-708 1 PCB-33 I 371 I CT00030EG 

600-1000 I PCB-37 I 662 I GO3484 

600-1000 I PCB-37 I 662 I SS00569RM 

Maximum Concentration 
2 

PCB site 25 clid not have any concrete to analyze 

3Chlorinsoil@ data indicated >50 ppm (EG&G 1991) 
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3.0 Remediation Activities 

The Final PAM, Remediation of PCBs (DOE 1995) guided the remediation of approximately 500 
cubic yards of soil and concrete from 12 PCB sites. All activities were conducted in accordance 
with the PAM and Final Project-Specijic Health and Safety PladPCB Removal Project (RMRS 
1995b). Verification sampling included a combination of field screening using Draft Method 4020 
and confmational split samples analyzed using SW-846 Method 8080 as specified in the Final 
Sampling and Analysis Plan (SAP) (RMRS 1995a). To assure that the 25 ppm TSCA guidance 
level was achieved during cleanup, a target remediation goal of 10 ppm (total) PCBs, or less, 
using the Method 4020 field screening analysis was prescribed for the removal. 

Remediaeion began in the fall of 1995 and was completed in late summer of 1996. Excavated 
material with PCB concentrations exceeding the 25 ppm standard were disposed off-site at an 
EPA-approved disposal facility. Concrete transformer pads were broken with a hydrohammer and 
subsequently removed using backhoes, excavators, front-end loaders and hand shovels. Concrete 
with PCB concentrations less than the 25 ppm was disposed at the WETS landfill. Soil was 
removed in a similar manner, in one foot lifts. Details of the excavation activities for each PCB 
site are included in Section 3.1. 

As the remediation progressed, verification samples were collected using the EPA Midwest 
Research Institute (MU) grid methodology (Appendix C). Field screening analysis of samples 
collected from thls grid was performed in an on-site (mobile) laboratory using the immunoassay 
technique prescribed in SW-846, Draft Method 4020. Excavation activities proceeded in 1 foot 
lifts (i.e., additional soil was excavated) until the immunoassay results indicated that the total PCB 
concentration was near, or below, the 10 ppm remediation goal. One exception is noted. At PCB 
site PCB-37,6 of the immunoassay results exceeded the 10 ppm remediation goal, but re-analysis 
using a 25 ppm calibration standard and analysis from split samples using Method 8080 verify that 
the soil was below the 25 ppm guidance level. 

Twenty percent of the samples for each verification grid were split and analyzed using SW-846 
Method 8080 to confirm the accuracy of the field screening method. In addition, for every twenty 
samples, one duplicate was collected and analyzed using the same method. All samples were 
collected using clean and/or decontaminated sampling equipment (i-e., spoons/scoops). At a 
minimum, one equipment smear sample was collected daily andor between sites and analyzed 
using the 4020 immunoassay technique to assess cross-contamination and positive bias ( i x ~ ,  false 
positive) potential. The final MRI grid of verification samples was considered as the confirmation 
grid for that site (see Appendix A). Split samples were then shipped off-site for SW-846 Method 
8080 analysis to provide cleanup verification (see Appendix B). Table 3-1 shows post-removal 
split sample results confirming that all of the sites, with the exception of PCB-21, were 
remediated to less than 25 ppm PCBs by weight and, in most cases, substantially lower. Table 3- 
2 provides a comprehensive data summary of Method 8080 soil and concrete samples on a site- 
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by-site basis. The table also includes results from the Draft Method 4020 immunoassay field 
screening analysis, confirmational splits, and Method 8080 analysis of clean fill material obtained 
off-site. Excavations were backfilled with PCB-free structural material (<I ppm PCBs by 
weight) obtained from an off-site source and the sites were reclaimed to, at a minimum, their 
original condition. 

3.1 Brief Description of Remediation Activities by Each Site 

PCB- 10 (555/55 8 Substation): 

Approximately 4.3 yd30f soil were removed from the northwest comer of the 555/558 substation 
using shovels during the first week of September 1995. The PCB-10 site was confirmed at <10 
ppm PCBs by weight in soil using EPA Method 8080. The confirmation of remediatign of soils at 
this site provide the basis for NFA status. 

PCB-12/13 (661/675 Substation): 

Approximately 46.7 yd3 of soil were removed from around the substation using hand shovels 
during the second and third week of February 1996. The PCB-12 & 13 sites were confirmed at 
<lo ppm PCBs by weight in soil using EPA Method 8080. The confirmation of remediation of 
soils at this site provide the basis for NFA status. 

PCB-17 (Southeast Corner of Building 883): 

Approximately 22.1 yd3 of soil, 2 yd3 of asphalt and 8.5 yd3 of concrete were removed from the 
southeast comer of Building 883 using backhoes, front-end loaders, a hydrohammer, and shovels 
during the second week of September 1995. The PCB-17 site was confirmed at <10 ppm PCBs 
by weight in soil using EPA Method 8080. The confinnation of remediation of soils at this site 
provide the basis for NFA status. 

PCB-20 (5 15/5 16 Substation): 

Approximately 5.8 yd3 of soil were removed from the south side of the 5 15/5 16 Substation using 
a backhoe, a bobcat and hand shovels in late August 1995. The contaminated soil was located 
immediately east of the 516 transformer. The PCB-20 site was confirmed at <10 ppm PCBs by 
weight in soil using EPA Method 8080. The confirmation of remediation of soils at this site 
provide the basis for NFA status. 

PCB-21 (Northwest Comer of Building 776) 

Approximately 177 yd3 of soil and 10.7 yd3 of concrete were removed from the northwest comer 
of Building 776 with backhoes, front-end loaders, excavators, a hydrohammer, and hand shovels 
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between October 2, 1995 and June 24, 1996. Numerous removal events (Le., re-excavations) to a 
total depth of approximately 17 feet were required in the attempt to achieve the cleanup guidance 
level of 25 ppm (total PCBs). The guidance level was not achieved; however, the site was 
cleaned from an initial PCB contaminant level of 480 ppm in the soil and 56 ppm on the concrete 
pad to 70 ppm PCBs in soil at a single location and at a 17 foot depth. The excavation activity 
was stopped due to equipment limitations and health and safety concerns as documented in the 
Final Annual Update to the Historical Release Report (HRR) transmitted to the EPA and CDPHE 
on September 30, 1996. An extensive survey was conducted of the excavation prior to backfilling 
with structural grade fill. No available information could be found explaining contaminant levels at 
such depth, however, the diligent effort significantly reduced risk to human health and the 
environment 

- 
PCB-23 (East of Building 559): 

Approximately 27.2 yd3 of soil were removed from the northeast corner of Building 559 using a 
backhoe, a hydrohammer, front-end loaders, a bobcat and hand shovels during the last several 
weeks of September 1995. The PCB-23 site was confirmed at <10 ppm PCBs by weight using 
EPA Method 8080. The confirmation of remediation of soils at this site provide the basis for NFA 
status. 

PCB-24 Wes t  of Building 708): 

Approximately 24.1 yd3 of soil and 1.5 yd3 of concrete were removed from the west side of 
Building 708 using backhoes, front-end loaders, a hydrohammer, a bobcat, concrete saw, and 
hand shovels in early October 1995. The PCB-24 site was contirmed at 4 0  ppm PCBs by weight 
in soil using EPA Method 8080. The confirmation of remediation of soils at this site provide the 
basis for NFA status. 

PCB-25 (East Side of Building 707): 

In 199 1 , one of the six transformers located on the rooftop of Building 707 was identified as 
leaking PCB dielectric oil. Further investigation revealed that rain water had carried PCBs, via a 
downspout, from the contaminated rooftop to the soil below. An extensive PCB cleanup was 
initiated in 199 1 and 1992 under TSCA regulations and the roof was declared clean. The 
contaminated soil area below was cordoned off and marked "PCB Contaminated Area" until 
appropriate actions could be taken under CERCLA. Approximately 64.8 yd3 of soil were 
removed from an area immediately south of the main entrance doorway of Building 707 (east 
side) using backhoes, front-end loaders, excavators, bobcats and hand shovels during the second 
half of September 1995. The PCB-25 site was confirmed at <10 pprn PCBs by weight using EPA 
Method 8080. The confirmation of remediation of soils at this site provide the basis for NFA 
status. 
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PCB-26 (East of Building 750): 

Approximately 12.1 yd’ of soil and 8.0 yd3 of concrete were removed from the old transformer 
location on the east side of Building 750 using backhoes, front-end loaders, a hydrohammer, a 
bobcat and hand shovels in late September 1995. The PCB-26 site was confirmed at <10 ppm 
PCBs by weight in soil using EPA Method 8080. The confirmation of remediation of soils at this 
site provide the basis for NFA status. 

PCB-33 (North of Building 371): 

Approximately 1.08 yd’ of soil were removed immediately north of Transformer 371-2 using 
hand shovels in late August 1995. Destructive concrete verification sampling show no other 
PCB contamination. The PCB-33 site was confirmed at < lo  ppm PCBs by weight in&e soil 
using EPA Method 8080. The confirmation of remediation of soils at this site provide the basis for 
NFA status. 

PCB-37 (East of Building 662): 

Approximately 85.1 yd3 of soil were removed from the east side of Building 662 using backhoes, 
front-end loaders, bobcats and hand shovels during the month of July 1996. Method 8080 analysis 
of destructive concrete samples collected verify that all concrete areas were clean. The PCB-37 
site was confirmed at <25 ppm PCBs by weight in soil using EPA Method 8080. The 
confirmation of remediation of soils at this site provide the basis for NFA status. 

3.2 Quality Control SampIes 

Duplicate, split, smear, and method blank samples were collected in accordance with the Final 
SAP (RMRS 1995a). The results for these samples as indicators of the quality of the sampling 
and analysis in support of remediation activities is discussed for each of these sample type. The 
quality assurancelquality control samples will be further evaluated with the validated data for 
usability with respect to precision, accuracy, representativeness, comparability, and completeness 
and submitted as an addendum to this report. 

As indicated in Table 3-2, duplicates were collected at a minimum of 1 per site or at an 
approximate frequency of 1 for every 10 samples. The duplicates were analyzed by Draft Method 
4020 as an indicator of the precision of the measurement. A comparison of the duplicate results 
indicate that method produced precise (i.e., reproducible) measurements. 

Split samples were collected and analyzed by Method 8080 to confirm the measurements obtained 
from the Draft Method 4040 results. The 86 split samples are identified in column four of Table 
3-2, Method 8080 Soil Results. Comparison of the Method 8080 results with the Draft Method 
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4020 results indicate that the Draft Method adequately represent the concentrations at the 
remediation sites with only one exception. Out of the 86 split samples analyzed, sample 
SS00206RM showed an inconsistency between the two methods with a 12 ppm concentration 
detected via Method 8080 and a less than 10 ppm observation made using Draft Method 4020. 
PCB Site 25 is the only site affected by this inconsistency. As indicated on Table 3-2, five other 
split samples collected at PCB Site 25 indicate levels well below the 10 ppm target remediation 
goal and the 25 ppm guidance level. 

Smear samples were collected by wiping the sampling equipment with a 10 by 10 centimeter wipe 
saturated with methanol. The smear sample results are an indication of cross-contamination and 
the potential for positive bias in the sample results. A total of 72 smear samples were collected. 
Of the 72 smears, 2 samples showed a positive result (i-e., greater than 10 ppm). A pgsitive result 
for a smear sample could indicate that the concentrations in the samples associated with the smear 
were potentially positively biased. The effect of positive bias on the samples is a potential false 
positive result. The site associated with the two smear samples is PCB Site 37. As indicated on 
Table 3-2, the site was remediated until levels below the 25 ppm were achieved. As a result, the 
effect of the positive bias is considered negligible. 

For all data reported, none of the method blanks analyzed by Draft Method 4020 had positive 
detections. A total of 79 method blank samples to assess the potential for positive bias in the 
sample results. The method blank samples were analyzed by Draft Method 4020. Of the 79 
method blank results, 77 were negative (i.e, less than 10 ppm). Two of the method blank samples 
indicated positive (i.e., greater than 10 ppm) results. A positive result for a method blank could 
indicate that the concentrations in the samples were potentially positively biased. The effect of 
positive bias on the samples is a potential false positive result. The site associated with the two 
method blank samples with positive results is PCB Site 21. As indicated on Table 3-2, the site 
was remediated until levels below 25 ppm were achieved. Therefore, the effect of the positive 
bias is considered negligible. 

3.3 Summary of Remediation Activities 

The volume of soil and concrete excavated for each location is summarized in Section 4.0 and 
presented in Table 4- 1. All of the remediation sites were confirmed to be less than 10 pprn PCBs 
by weight with the exception of site PCB-37 which is confirmed to be less than 25 pprn and site 
PCB-21 which was halted for safety reasons at approximately 17 feet. Contaminated soil and 
concrete was shipped to an EPA-approved, TSCA-licensed chemical waste landfill in Kettleman, 
California for final disposal. In most cases, concrete samples collected from the old transformer 
pads were well below the 25 ppm cleanup level, and soil contamination could be removed within 
an approximate 4 foot depth. All of the excavations were reclaimed to their original condition 
which included placement and compaction of structural grade fill material. The structural fill was 
sampled for PCBs using Method 8080 on two occasions (see Table 3-2, page 17). 
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Table 3-1. PCB Post-Removal Levels in Soil' 

Maximum concentrations 
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Table 3-2. Comprehensive Data Summary Method 8080 and 4020 
Samples Collected Per Site. 
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Immunoassay Results 
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Fill Material 
Fill Material 

SSOWORM U 
SSOO254RM U 

Sample Number prefixes 

cf = Concrete 

SS =Soil 

U =not detected 
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4.0 Waste Disposal 

Approximately 500 yd3 of contaminated soil and concrete was excavated from all of the sites and 
shipped to an EPA-approved, TSCA-permitted chemical waste landfill in Kettleman, California. In 
addition to the contaminated soil and concrete waste, Personal Protective Equipment (PPE) waste 
and immunoassay residual lab wastes were also shipped to Kettleman. 

Concrete andor asphalt from PCB Site 17 (near Bldg. 883), PCB Site 23, (northeast corner of 
Bldg. 559), PCB Site 24 (west of Bldg. 708), and PCB Site 26 (east of Bldg. 750) was shipped 
to the Rocky Flats onsite landfill for disposal. This overlying material was sampled using Method 
8080 and removed to facilitate the excavation of underlying contaminated soils. All af the 
destructive samples collected from the above mentioned sites were <lo ppm PCBs. Table 4-1 
shows the volume of PCB contaminated waste generated per site. 

Table 4-1. PCB-Contaminated Waste Removed Per Site. 
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5.0 Conclusions 

The PCB remediation was performed in accordance with the Final PAM, PCB Remediation 
(DOE 1995), Final SAP, (RMRS 1995a), and Final Project-Specific Health and Safety Plan 
( R M R S  1995b). Eleven PACs, which correspond to 13 of the originally designated PCB sites 
(EG&G 1991), were remediated to below 25 pprn total PCB standard. As a result, these sites 
were submitted for proposed No Further Action (NFA) status in the Annual Update for  the 
Historical Release Report (DOE 1996b). These sites will be officially closed under the Industrial 
Area OU ROD. 

PCB concentrations in two areas at PCB Site 21 (approximately 0.23 yd3 total) remain at levels 
greater than 10 ppm, but less than 25 ppm. Six attempts to adequately remediate P a  Site 21 
were made. One small area (approximately 1.1 yd3) remains at 70 ppm PCBs. The excavation 
progressed to a depth of 17 feet and, due to physical constraints of the equipment and health and 
safety concerns, additional excavation at PCB Site 21 was ceased. The Industrial Area OU ROD 
will also address PCB Site 21 at which residual concentrations above the 25 ppm standard remain. 

Approximately 2,000 field screening samples were collected and analyzed during the course of the 
project resulting in signsicant cost savings over conventional laboratory analysis. Utilization of 
SW-846 Draft Method 4020 allowed remediation activities to continue while samples were being 
analyzed on location in a mobile laboratory. The approach also included targeting a 10 ppm 
remediation goal to assure that the 25 ppm cleanup standard was achieved. Final verification split 
samples and quality control samples were collected under accepted MRI protocols once the 4020 
screens showed less than 10 ppm- Final cleanup verification samples were analyzed using EPA 
Method 8080 (see Appendix B). The MRI site verification sampling grids, EPA Method 8080 
analysis, and specific MIU guidance documentation utilized in executing the project are included 
as appendixes. The validation results will be evaluated for data usability as part of the quality 
control for the project and submitted as an addendum to this report. All of the remediation sites 
addressed in this completion report were restored to, at a minimum, their original condition. 
There were no injuries during this project. 
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REVlSlON NO: OATE: 
A 3/19/96 N ACAD FILE 

555PCBlO 

-. 
1 

0 5 ’  10 feet 

1 

LEGEND: 

I I CONCRETE PAD 

FENCING 

ACTIVE TRANSFORMER 

DETAILED MAP QF 
PCB SITE #IO 



Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 

Aroclor 1016 U Aroclor 1242 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 U 

Aroclor 1016 U 
Aroclor 1221 U 
Aroclor 1232 U 
Aroclor 1242 U 
Aroclor 1248 U 
Aroclor 1254 U 
Aroclor 1260 13pprn 

SS00033RM' 

Note: 
All samples are <10ppm PCBs by immunoassay analysis 

LEGEND: 
8 Sample Point 
* Split Sample 
U Not detected 
SS. ..RM are RFEDS 
sample numbers 

i 
N 

REV. NO. DATE: FILENAME 

A 3/5/96 555MRI 

MRI GRID LAYOUT 
PCB-10/11 (555/558 Substation) 



PCB Site # l 2  

LEGEND: 

E ACTIVE TRANSFORMER 

r] CONCRETE SIDEWALK/PAD 

h\w SOIL REMOVED 

@ MRI GRID NUMBER 

I 
n 

I 

PCB Site #13 
I. 

REVISION NO.: OATE: ACAD FLW. 
A 4/3/96 66 1 PCB 1 2 

DETAILED MAP OF 
PCB SITE #12 a n d  1'3 



Aroclor 1016 U 7 Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248. U 

-Aroclor 1254: U 
Aroclor 1260. 0 12 ppm 

s=33.36 
u=29.19 

I "  

SS00434RM. 

/ 

-. 
433RM 

Aroclor 1016: U 
Aroclor 1221: U / Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: 0.46 ppm 

I ss )P436RM SS?0437R 

Aroclor 1016: U 
Aroclor 1221:  'U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: 0.44 p p m  



r ] 0 4 4 4 R M  SS00443RM 

=26.97' 
r=31' 

4 SS0044 RM 

0 

roclor 1016: U 

A r o c l o r  1232: U 
A r o c l o r  1242: U 
A r o c l o r  1248: U 
A r o c l o r  1254: U 

SS004 4 7RMg 

A r o c l o r  1260 0.27 ppn 

roclor 1015: U 

A r o c I o r  1232: U 
A r o c l o r  1242: U 
A r o c l o r  124P: U 
Aroclor 1254: U 

SS00439RM A r o c l o r  1260: 0.18 ppn 

roclor 1016: U 
A r o c l o r  1221: U 
A r o c l o r  1232: U 
A r o c l o r  1242: U 
A r o c l o r  1248: U 

u=35.3* SS00440RM 
5'40.9 

A r o c l o r  1254: U 
A r o c l o r  1260: U I SS00441RMx * S  00442171.1 

All sanples are <lOppn PCBs by innunoassoy onolysis 

@ Sample Point  
x Split Sample 
U Not d e t e c t e d  
SS .... RM a r e  RFEDS 
samp(e numbers 

MRI G R I D  LAYOUT  ' 

PCB-12/13 ( S u b s t a t i o n  6611675) 



SS00462RM 
0 

SS00449RM 

SS00453RM 

SO045 

S00456RM 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: U 

SS00450RM' ___ 

452RM 

Aroclor 1016: 
Aroclor 122 1 : 
Aroclor 1232: tt Aroclor 1242: 

SS00455RM' 

SSOO 7RM * I  
e SS00459RM 

Aroclor 1248: 
Aroclor 1254: 
Aroclor 1260: 

I 

U 
U 
U 
U 
W 
U 
0.67 ppm 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: W 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260. 0.11 ppm 

Note: 
All samples are <10ppm PCBs by immunoassay analysis 

8 Sample Point 
* Split Sample 

MRI GRID LAYOUT ' U Not detected 



I 

REV NO. 

A 
.. , 

DATE: FILENAME: 

8/20/96 66 1 MRI5 

I 

SS00463RM'. - 
e Aroclor 1016: U 

Aroclor 1221: U 
Aroclor 1232 U 
Aroclor 1242: U 
Aroclor 1246: U 
Aroclor 1254: U 
Aroclor 1260- 0.42 ppm 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 

SS00464Rl.P 

e L 
e 

SS00465RM 

SS00466RH 
e 

SS00468RM 
e 

Aroclor 1246: U 
Aroclor 1254. U 
Aroclor 1260: 0.27 ppm 

0 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260 0.28 ppm 

-~ 

w 
All samples are <IOppm PCBs by immunoassay enelpis. 

LEGEND: 
Q Sample Point 
* Split Sample 
U Not detected 
SS ..... RM are RFEDS 
sample numbers 

N MRI GRID LAYOUT 
PCB- 12/13 (Substation 661/675) 



-_ 
\Aroclor 1016: U 

Aroclor 1221: U 
Aroclor 1232 U 
Aroclor 1242 U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: 0.13 ppm 

LAroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: u 
Aroclor 1254: U 
Aroclor 1260: 0.34 ppm 

\ 

&,&z 
All samples are <lOppm PCBs by immunoassay analysis. 

0 Sample Point 
* Split Sample 
U Not detected 
SS ..... RM are RFEDS 

MRI GRID LAY0 
PCB- 12/13 (Substation 



n 
a Q 

I I  
I I  
I I  
I I  

0 

I 

a- 

”’\ 



Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: 2.7 ppm 
Aroclor 1254: U 
Aroclor 1260: U 

Q I t  / 
a a a 

Q / SS00090RM' / 

SS00089RM 
Q d  

SS00065RM r=161" 
s=48.3" 

*SSOOO9 1RM u=4 1.86" 

-5SOOQ93RM SS00068RM 

- SS00070RM. 

SSOOO94RM* 
SS00095RM*(,dup) - SS00073RM *SSOO( \ 

* SS00097RM. 

- SS00098RM 

* SS00102RM 

* SS00079RM' 

- SS00080RM 

SS00083RM 

I 219' 

Aroclor 1016: UL 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: 0.30 pprn 
Aroclor 1254: U 
Aroclor 1260: U 

.&& 
All samples are <10ppm PCBs by immunoassay analysis 

1088RM 

Aroclor 1016: U 
/-- Aroclor 1221: U 

Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: 3.1 ppm 
Aroclor 1254: U 
Aroclor 1260: U 

Aroclor 1016: U ' 

Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U . 
Aroclor 1248: 1.3 pprn 
Aroclor 1254: U 

6RM Aroclor 1260: U 

/--- 

\\\--Aroclor 1016: u 
Aroclor 1221: U 
Aroclor 1232 U 
Aroclor 1242 U 

'9RM Aroclor 1248: 1.8 ppm 
Aroclor 1254: U 
Aroclor 1260: U 

\Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: 0.47 ppn 
Aroclor 1254. U 
Aroclor 1260 U 

REV. NO. DATE: FILENAME 

LEGEND: A 3 / 5 / 9 6  883MRI 
8 Sample Point 
* Split Sample ' U Not detected 
SS ..... RM are RFEDS 
sample numbers 



LEGEND: 
BERM 

I] CONCRETE SLAB 

SUPPORT BRACE 
OR FOR OVERHEAD 

ACTIVE TRANSFORMER 

UTlLlN 
COVER 

e 4’ DIA WOODEN COVER G R A V E L W 1 T H S 0 M E 
V E G E T A T I O N - N O  

A P P A R E N T  S T A I N I N G  

REVISION NO.: DATE ACAD FILE: 
A 3/12/96 515PCB2032 

SOIL REMOVED F R O M ’  ’ ,  

PCB. SITE #20 , ,  



9 SS00019RM 

* SS00012RM 

* SS00013RM 
SS00040RM 

Aroclor 1016: 

Aroclor 1242: 
Aroclor 1248: 
Aroclor 1254: 
Aroclor 1260: -_ . 

L A r o c l o r  1016: 
Aroclor 1221: 
Aroclor 1232: 
Aroclor 1242: 
Aroclor 1248: 

~ Aroclor 1254: 
Aroclor 1260: 

Note: 
All samples are <lOppm PCBs by immunoassay analysis 

U 
U 
U 
U 
U 
u 
0.14 pprr 

U 
U 
U 
U 
U 
U 
0.93 ppm 

@ Sample Point 

MRI GRID LAYOUT 



LEGEND: 

13’ TO ROAD 

NOTE: 
RMD RUNS SCUTH AND EAST.OF 
CONCRETE PAD AND SLOPES 4 -6- 
m HEIGHT To M ROADS. 

L. 



1016: 
1221: 
1232: 

1248: 
1254 
I260 

.l2.e: 

U 
U 
U 
U 
U 
U 
15.0 ppm 

odor 

ArOclO? 
Aroclor Aroclor 1016 

Aroclor 1221: 
Aroclor 1232: 
Aroclor 1242: 
Aroclor 1248: 
Amclor 1254: 

Aroclor 1260 

U 
U 
U 
U 
U 
U 
3.1 

Aroclor 1016 
Aroclor 1221: 
Aroclor 1232: 

U 
U 
U 

Q.23 ppm 

Aroc1or 1221: 
Aroclor 1- Aroclor 1016: U 

Amc1or 1221: u 
Aroclor 1232 U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: u 
Aroclor 1260 5.7 ppm 

Ardor 1242: 
Aroclor 1246 
Aroclor 1254: 
Aroclor 1260 

oclor 1016 U 
oclor 1221: U 
odor 1232. U 
oclor 1242 U 
oclor 1248: U 

roclor 1254. U 
roclor 1260 11.0 ppm 

lor 1016: U 
lor 1221: U 
lor 1232 U 
lor 1242: U 

SS00525RM lor 1248: U 

SS00495RM' 

SS00364RM' 

Aroclor 1254 
Aroclor 1260: 

Aroclor 1016 u 
Aroclor 1221: U 
Amclor 1232: U 
Amclor 1242: U 
Amclor 1248: U 

SS00371RM Amclok 1254: U 

0 
Aroclor 1016: U 
Aroclor 1221: U 
Amclor 1232: U 
m l o r  1242 U 
Aroclor 1248: U 
Aroclor 1254: W 

Aroclor 1260 0.24 ppm 

XQk All sarnples arc <25ppm PCBs by immunoassay analysirr unless otherwise noted. . 

s: 

SSO( 

SSC 

U 
U 
U 
U 
U 
u 
0.80 ppi 

@ Sample Point 
, * Split Sample , 

U Not detected 
SS ..... RM are RFEDS 

MRI GRID LAYOUT 
PCB-21 (NW of Bldg. 7 



LEGEND: 

. .  .. - - 

, .- . 
.I . . . .. _. 
is-.. % 

' ..-A. 

, .. . ._. .. . . 

.,.. . . 
6 



I 

2: 7' 

oclor 1016 U 
oclor 1221: U 
oclor 1232: U 
oclor 1242 U 
oclor 1246: 2.4 ppm 

Aroclor 1254: 0.58 ppm 
Aroclor 1260: U oclor 1018: U 

oclor 1221: U 
oclor 1232: U 
oclor 1242: U 
oclor 1246: 0.46 ppm 

Aroclor 1254: U 
Aroclor 1260 U 

Aroclor 1232: 
Aroclor 1242: 
Aroclor U46: 
Aroclor 1254: 
Aroclor 1260: 

-Aroclor 10 16: 
Aroclor 1221: 
Aroclor 1232: 
Aroclor 1242: 
Aroclor 1248: 
Aroclor 1254, 
Aroclor 1260: 

Aroclor 1221: 
Aroclor 1232 

SSOO144RM \ - - & ~ ; ~  ssoo 47RH Aroclor Aroclor Aroclor 1254: lZ42 1248: 

SSOO156RM (dup) Aroclor 1260 -1 e \ \ 

U 
u 
U 
u 
0.11 ppm 
U 
U 

U 
U 
U 
U 
0.096 ppr 
U 
U 

U 
U 
U 
U 
0.065 ppn 
U 
U 

,---Aroclor 1016: U 
Aroclor 1221: U 
Aroctor. 1232 U 
Aroclor 1242 U 
Aroclor 1248: 0.30 pprn 
Aroclor 1254: 0.12 ppm 
Aroclor 1260: U 

All Samlpes are <IO ppm PCB's by Immunoassay analysis 

. Sample Point 
Split Sample 

U Not detected MRI GRID LAYOUT 
PCB-23 (Bldg. 559) ss ..... RM i r e  RFEDS 

sample numbers 
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200" 

REV. NO. DATE: 

LEGEND : A 3/ 12/96 

'3 a 

* a  A 

FILENAME: 

708MRI 

A d  
U 
a 

Q A 

RMH 

U 
a 

Q 
A 

A 
a 

C LB 98806300 

U 

U 
A 
A a 

" 4  

Q 
a 

A 

Q 

. .  . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . . .  

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  SS002E 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  
. . . . . . . . .  

* SS00300RM * SS00299RM 

..............::./ . . . . . . . .  . . . . . . . . .  I Q  . . . . . . .  . . . . . . . .  '-'SSO0309RM 

............. SS00320RM 

. . . . . . . . .  . . . . .  
. . .  . .  . . .  . . .  . .  . .  . . .  . .  

u=47.8" 

'SS00317RM SS003 16RM' * SS003 15RM 

I 

Aroclor 1016: u 
Aroclor 1221: u 
Aroclor 1232: U 
Aroclor 1242: U i Aroclor 1248: U 
Aroclor 1254: 3.2 ppm 
Aroclor 1260: U 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232 U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: 2.1 ppm 
Aroclor 1260: U 

ArWclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: 0.04 ppm 
Aroclor 1260: U 

-Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: U 

roclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: 0.32 ppm 
Aroclor 1260: U 

I I I 
I 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260.: U 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242 U 
Aroclor 1248: U 
Aroclor 1254: 0.58 ppm 
Aroclor 1260: U 

Note: 
All  samples are ClOppm PCBs by immunoassay analysis. 
Concentrated sample points indicate 
addiLiona1 soil removal after first 12'' of soil 

Split Sample 
U Not detected 
SS ..... RM are  RFEDS 
sample numbers - 0 2.5 5 feet  

MRI GRID LAYOUT 
PCB-24 (Bldg. 708)  

DRWN: 1 CHKD: ] CHARGE NO.: 



LEGEND: 

_ ~ . _ . . _  WOODEN FENCE . 
(APPROX 3' HIGH) 



Aroclor 1016: U 
oclor 1221: U 

Aroclor 1232 U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: 7.0ppm Aroclor 1221: 
Aroclor 1260: 5.0ppm Aroclor 1 2 3 2  

roclor 1242: 

* S00214RM I rSS00206RM' L S S O O 2 0 9 R M  $SOO216RM (dup) 

U 
U 
U 
U 
U 
1.6ppm 
0.45ppm 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1 2 4 2  U 
Aroclor 1248: U 

0 

SS00186RM 

* SS00185RM' 

\ SS00177RM' - 

I 

Aroclor 1016: U 
SS00176RM Aroclor 1221: U 

Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Amclor 1254: O.3lppm 
Aroclor 1260: 0.22ppm 

SS00175RM 

LEGEND: 
6% Sample Point 
* Split Sample 
U Not detected 
SS ..... RM are RFEDS 
sample numbers 

Aroclor 1254: 1.8ppm 
Aroclor 1260: 0.26ppm 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: l.lppm 

SS0'0174RM Aroclor 1260: U 
SS00191RM (dup) 

SS00173RM 

Aroclor 101 6. U 
Aroclor 1221: U 
Aroclor 1232: U 

SS00172RM Aroclor 1242: U 
Aroclor 1248. U 
Aroclor 1254. 0.84ppm 
Aroclor 1260: 0.55ppm 

Note: All s a  mles are 
<25 ppm P&'s b 
Immunoassay anayysis 

REV. NO. D A T E  FILENAME 

A 3/20/96 707MRI 

MRI GRID LAYOUT 
PCB-25 (Bldg. 707) 

... 



I 

I 



Aroclor 1016: U 
roclor 1221: U 
roclor 1232: U 

REV. NO. DATE: I LEGEND: A 3/ 19/96 

Aroclor 1242: U 

Aroclor 1254: U 
Aroclor 1260: U 

0127RM Aroclor 1248: 2.8 ppm SS00128RM 

SS00123RM 

0 oclor 1016: U 
oclor 1221: U S O 0  1 67RM 

SSOO169RM (dup) e oclor 1232: U 
oclor 1242: U 
oc l r i  1248: 2.3 ppm 

Aroclor 1254: U 
Aroclor 1260. U 

SSOO 170RM. 

SS00166RM 

Aroclor 1016. U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: 0.04 ppm 
Aroclor 1254: U 
Aroclor 1260: 0.05 ppm 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: 0.16 ppm 
Aroclor 1254: U 
Asoclor 1260: U 

SS00162RM' 

SS00158RM 

Aroclor 1016: U 
Aroclor 1221: U 

FILENAME: 

750MRI 

I \ Aroclor 1232: U 
-Aroclor 1016: U LAroclor~1016: U 

Aroclor 1221: U Aroclor 1221: U 
Aroclor 1232: U Aroclor 1232: U 
Aroclor 1242: U Aroclor 1242: U 
Aroclor 1248: 5.9 ppm Aroclor 1248: U 
Aroclor 1254: U Aroclor 1254: U 
Aroclor 1260 U Aroclor 1260: U 

Note: 
All samples are <10ppm PCBs by immunoassay analysis 

Aroclor 1242: U 
Aroclor 1248: 0.60 ppm 
Aroclor 1254: U 
Aroclor 1260: 0.05 ppm 

MRI GRID LAYOUT 
PCB-26 (Bldg. 750 

r 
N 

U Not detected 
SS ..... RM are RFEDS I sample numbers I 



NOIJ,VJ,333A 3HOS - 710s ATEIAm3 

\/ 
/\ 

\/ 
/ \  

\/ 
\ 

. 5. .: , - .  
.- . .  . .  



r=30.5" 
s = 26.5" \ u = 22.8 7" 

SSOOO 10Rqdup) 

@ SSOOOO7RM 

-I- 

@ >  

33" 

1 Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: U 

[* ~ Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: U 

Note: 
All samples are <10ppm PCBs by immunoassay analysis 

0 Sample Point 
* Split Sample 
U Not detected 
SS ..... RM are RFEDS 

N 
MRI GRID LAYOUT 
PCB-33 (Bldg. 371 

I sample numbers 

I H M H  I t.i.n - I noonccinn 



I .  . 

I r--- 
Q a  

A 
a d  a A  

'a a 

4 a  A 
f a  4 

A 
Q 

A 
a 

' a d  A 

d a  
A 

A 

a 

A d  da 

a 

'a 

a 

' a d  A ' a d  

Q 
a 

Q 
A 

a 
a 

9 
4 A 

a a I 

B 
Q 

A a '  
2 

Q 

'a 

4 

A 
A 'a A 

A 
9 

A 

1 
6 

B 

A 

'a 

- 

a 
A 

4 

Q 
a 

FILENAME: REV. NO. DATE: 

A 7/25/96 662MRI 

MRI GRID'LAYOUT', 
PCB-37 (Bldg. 662)  



Aroclor 
Aroclor 
Aroclor 
Aroclor 
Aroclor 
Aroclor 
Aroclor 

. 

, Aroclor 
Aroclor 
Aroclor 
Aroclor 
Aroclor 
Aroclor 
Aroclor 

1016: U 
1221: u 
1232: 11 
1242: 6 
1248: U 
1254: U 
1260: U 

1016: U 
1221: u 
1232: U 
1242: U 
1248: U 
1254: U 
1260: U 

L A r o c l o r  1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: -U 
Aroclor 1254: U 
Aroclor 1260: 0.38 ppm 

Aroclor 1016: 
-Aroclor 1221: 

Aroclor 1232: 
Aroclor 1242: 
Aroclor 1248: 
Aroclor 1254: 
Aroclor 1260: 

ssoc5S8W 

Aroclor 1016: 
Aroclor 1221: 
Aroclor 1232: 
Aroclor 1242: 
Aroclor 1248: 
Aroclor 1254: 
Aroclor 1260 

U 
U 
U 
U 
U 
U 
0.11 ppm 

u 
U 
U 

All samples are <25ppm PCBs by immunoassay analysis. 

I I  LEGEND: 
Q Sample Point 

Split Sample 
U Not detected 

..... RM a r e  RFEDS 
mple numbers 

V REV. NO. DATE: FILEVAME: 

A 8/5/96 662MRI 12 

MRI GRID LAYOUT 
PCB-37 (Bldg. 662) 



SSI 

0 

1 '  s 

Aroclor 1232 u 
Aroclor 1242 u 
Aroclor 1248: u 
Aroclor 12% u 
Aroclor 1260 u 

SS00564RM 
sS00563R~* SS005$5RM (dup) 

0 

SS00569Rh 
SS00568RM e 

S7RM 
m 

0 

SS00570RM 
0 

SS 0602RM P *@/ 

SS 

SS00577RM 

Aroclor 1016: W 
Aroclor 1221: U 
Aroclor 1232 U 
Aroclor 1242: U 
Aroclor 1248: 1.2 ppm 
Aroclor 1254: w /- Aroclor 1260 3.1 ppm 

56RM 

Aroclor 
Amclor 
Aroclor 

u 
U 
U 
U 
0.071 
U 

Aroclor 12130 0.13 ppm 

Aroclor 1016 u 
Aroclor 1221: U 
Aroclor 1232 W 
Armlor 1242: U r Aroclor Aroclor 1248: 12% u U 
Aroclor 12M): U 

Amclor 1016: U 
Aroclor 1221: U 
Aroc1or I 2 3 2  u 
Amclor 1242: U 
Amclor IUS: U : Arodor Aroclor 1254: 1260 U u 

,----Amclor 1016: W 
Aroclor 1221: U 
Amclor 1212: U 
Amclor 1242 U 
Aroclor 1248: 0.38 ppm 
Aroclor 1254: u 
Aroclor 1260: 0.41 ppm 

7 
IRM 

Aroclor I016 U 
Aroclor IPI: U 
Arodor 1232: u 
Aroclor 1242: U 
Amclor 1248: U 
Aroclor 1254: U 
Arodor 1260: u L 1614RM 

Aroclor 1016: u 
Aroclor 1221: U 
Amdor1212: U 
Aroclor 1242: U 
Aroclor 1248: 0.24 ppm 
Aroclor 1254: U 
Arodor 1260 0.35 ppm 

Note: 
All samples are <25 ppm PCBs by immunoassay analysis. 

LEGEND: 
Q Sample Point 

Split Sample 
U Not detected 
SS ..... RM are RFEDS 
sample numbers 

N 

REV. NO. I DATE: I FILENAME: 

A 8/2/96 662MRI3 

MRI GRID' LAYOUT 
PCB-37 (Bldg. 662) 



-Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260 0.24 ppm 

REV. NO. 

I LEGEND: A 

I 

DATE 

8/5\96 

Aroclor 1016. U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclc? 1242: U 
Aroclor 1248: U 
Aroclor 1254: U 
Aroclor 1260: 0.10 pprn 

Aroclor 1016: U 
Aroclor 1221: U 
Aroclor 1232: U 
Aroclor 1242: U 

SSOO592RM 
SS00593RM (dup) 

Aroclor 1248: U 
Aroclor 1254: U 
Amclor 1260: U 

SS00594R "-24.8- 

I I -  1 
SS00595RM SS00596RM 

All samples are <25pprn PCBs by immunoassay analysis 

r 
N 

1 .  

FILENAME: 

662MRI45 
e Sample Point I 
* Split Sample 
U Not detected 
SS ..... RM are RFEDS 

MRI GRID LAYOUT' 
PCB-37 (Bldg. 662) 

sample numbers I 



SS006 15RM Aroclsr 1016: U 
Aroclor 1221: U 
Aroclor 1232:- U 
Aroclor 1242: U 

S ~ O O i j  16RM* / Aroclor 1248: U 
Aroclor 1254: 2.5 ppm 
Aroclor 1260: 0.56 ppm 

All samples are  <25ppm PCBs by immunoassay analysis 

@ Sample Point 
* Split Sample 
U Not detected 
SS ..... RM are RFEDS 
sample numbers 

PCB-37 (Bldg. 66 



Appendix B 

- Method 8088 
PCB Cleanup Verification Data 



I 1 :  Date 9-18-96 
Number of pages Wins cover sheet /z 

! 
I 

To: I From: 

13715 Rlder Trail North 
Earth City, "IO 6306d205 

i ? 

I Phone (314) 298-8566 

Fax Phone 
! 

I J 



SOIL PCB Ix sPIKG/MAmIxI DRPLfCATE RECOVERY 

i I I 

I I 

W D  : out t 
Spike Recovery: 1 

Contract : 2 6 2 . 0 1  



Lab CO&: Case NO, : SA3 NO.:- S W  No-: SJ.103 

Lab Sa le B): BLK 73338 . Lab Pile IDX 

Matrix: (soi~jwaeer) SOLID 

Date Extracted: 

Date Andlyzed (19 : 07-24-95 

Time Adlyzed (1) : 11x54 Time k a l y z e d  (2) : 11 : 54 

GCA 

1 

i 
I 
i 
1 

Level (low/med) Mw 

nps 
. 07-22-95 Extraction: (SepF/ConC/Sonc) SBNC 

Date Analyzed (29: 07-24-95 

i 
mstrument m (21: Instm-t Io (I): G a l  

.I 
GC Cd.& ID (L): DB-608 Gc column ID ( 2 ) :  DB-SMS -_ 

W S  MES'IXOD. B L U X  APPLIRS M l W m G  sAp6pL&s, Ms AND MSD: 

02 
02 
03 
04 
05 
06 
07 

. - -  

-$j 
_ -  10 

11 
ia 

07-24-95- 07-24-95- 
07-24-95 -07-24-9.5- 
07-24-95: 107-24-9s- 

-07-24-95- -07-24-95- 
07-24-95--07-24-95- 
07-24-95- 07-24-95- 

-Q7-24-95- 107-24-9s- 
07-24-95--07-24-95 

-07-24-95- - -07-24-95 
07-24-95, 

- - 
- - 
- 

- 
1 I 

f I t 
! 



I ! "  . .  
i i  



D a t e  Sampled: 07-21-95 

47-22-95 

Extraction2 (SepF/Cont/Sona) SONC D a t a  m y z e d :  07-24-95 

D a t e  Extracted: % Moisturer not dec, dec . I 

f 

FORM I PEST 
i 

I 
i 



i 



I 
I 

i 
! 
I 
! 
! 

. Contract: 

8914-004 

07-21-95 

07-22-95 

ation: (SepP/Cont/Sono) 07-24 - 95 

I I t 

i 
! 
1 

I 



I 



ID EPA NO. 
1- 

PCB O R ~ C S  ANALYSIS DATA SHEZT 

I C T O  0 0 2 7EG 
0-. MO Lab Name: Contraat: 262-01 

Lab Code: Case NO. 2 

I 
SAS No.: SDG NO-: S l l 0 3  

Matrix: (soil/water) SOIL Lab Sample m: 8 914 - 0 06 I 

Date Sampledx 67-21-95 I 
t Moisture: m t  dec. &C. Date Extractedx 07 -22 - 95 I 

Exeractionr (SepF/Cont/Soncl S W  Date Analyzed: 07-24-95 1 

Sample wt/vol: 3 0 . 0  (g/mll u Lab File If): 
Level: (low/med) LOW 

. GPC Cleanup: (Y/N) 

I 

e U: Concentration of analyte i s  Less than the value given. 

XJRM I PEST 

I I .  . .  . ,  



i I -.MO Contraat: 262-01 

SIX3 NO.: S1103 
I;ab code: ~TMQ Case NO:: - SAS No.: I 1 
Matrix: (sdil/waeer) SOIL m, Sample ID: 
Sample wt/vol: 3 0 . 0  (s/mll q mi i File ZD: 

Levell (Low/med) LOW Date Sampledx 

% Moisture: not dec. - dec. ' Bate Extraceed: I 07-22-95 
i 

Extraation: (SepF/COnt/SOno) SclNC Date Analyzed: 07-24-95 

! 

! 

I 

GPC Cleanup:: (Y/N) N pR: Dilution Factor: - 1 I 
W-?ON m T S :  

CAS NO. COmpOUIld (W/L or us/-,, W/KQ 

Amdor-io16 
l~l-04-28-2------~~-ocLor-x?21 
11141-16-5------ Aroclor-1232 
53469-21-9 ------ Aroclor-3242 
11097-69-lj----- Aroclor-1254 
11096-82-57----- Aroclor-l26O 

12672-29-6------ Amclor- 124 8 

! 

U: Concentration of analyte is lese thaa the value given. 

FORM I PEST 



262 - 01 

SI103 
LabName: wANTE3RRA. MO Contract: 
;Lab code: Case No. : sA!3 NO. :- SDG NO- :- 

Spike Blank No,: SPK 73.338 I 

I 

# Column to be used to flag recovery and RPD values w i t h  an asterisk 

* Values outside of  QC I%ts 

~ 9 ~ 2  not determined 
i 

-. outside limits - 1 spike Recovery: o out of 
d’ 

COMMENTS x 

FORM 111: PBST-2 



ZF 
Pa3 s m m  RECOVERY 

I Lab Name:  CKTANTERRA, MO C o n t r a c t :  262-01 

Lab Code: Case No-t. SAS NO-:- S W  No.: 51103 
Level: (low/med) EOW 

i 

# Column eo be used to flag reaovery valuea 

* Values outside of QC limits 

B Surrogates diluted out 

I 



Lab Name: -)Io Conttaotr  262-01 

I 1 

U: Oonaentratioa of adalyte ia lcee than the value given. . 



CAS HO, 



. .  . . .. . 
. . 1  . - . , .  -... _- 

pcIRL< I PEST 



CAS NO. - 
r I I 

\ 



Lab Name: w m ,  NO aontrautt -262-01 

FORX I PEST 



.: . .. 

* . .  



Lab Hame: 

Lab W e t  case n0.a SAS ziO.2 SDC No-t s1128Cl 



a -  _ -  
'. . 

I L a b ~ ~ a m e :  OmMTBRRA,Ho contxautr 262-01 

Matcixr (eoil./wa~€?x) SOTL Lab sW2e Mr 10311-002 

U 

t f -  
6- 
7- -- 

I 



PCB RESULTS 

U: Undetected at stated detection limit 



To: Wayne Spm[lss/Nick Demos 
Fax Numbec (303) 98&8704 

Phone Number: (303) 966-8598 

Fax Number' (314) 298;8757 
Phone blumbei: (314) 288-8588 

From: John Powell 

. _  

I . .. . , . .  
. . .  .. 

. .  . .  _ .  





X I  (soil/wat 

Lab File ID1 

Levelr (low/med) LOR Date Sanpledz 

0. Moisture: not dec. 3 , dec. Date Bcttadedr 

meraceion: (sepB/cont/sona] smc Date Analyzed: 

GPC Cleanup: (Y/N) 2 Dilution P a c t o r r  

CAS NO. 

11097-69-1------ 
11096-82-5------ 



NOTICE: 
“BEST AVAILABLE COPY” 

PORTIONS OF THE FOLLOWING 

DOCUMENT ARE ILLEGIBLE 

The Administrative Record Staff 



Lab Name: -.Mo Contract: 262-01 

Ldb Code: Case No.: SA9 No.1 SDG No.. . 

11141-16-5------ ArOalor-tl31 
Arodlor-1242 53469-21-9------ 

11097-69-1------ %oalor-1254 
11096-82-5------ Aroclor-1260 

BPA SAMPLE m. 
- - .  

I C T 0 0 0 5 2 ~  

SI171 

.w -:- - 34 

34 
34 

- 
34 . u -  

34 u -  

- - - 

MatriX: (soil/water) SOIL  ab sample mg 10123-002 

sample wt/vol: 30.0 (g/lnIl ,a, Lab P i l e  ID- 

Level: (low/med) M W  Date Sampled: 01-09-96 

% ~oistuxe: ~t dec. 2 dea- Date Bct.tacted: Ol-u-96 

01-16-96 - SON! 

Dilution Faatorr 1-0 P= 

I I I . .  i 

lz674-11-2------Arodl;or-1016 - I  34 I u  I 
11104 -28 -2- - - - --Amalar- 1221 

12672-29-6------ A t o o l ~ - 3 2 4 8  ____ 

I-, . 1-Li-i 

I I I I 

ux Concentration of analyte ds leas than the value given. 





lD KPA S W L E  NO. PCa O R W i C 9  JUXLYSIS DATA SElxET 

I I Cl'ooo54,pM 
Lab Name: +XWEBB&W Contract: 262-01 

Matrix: (soil/water) -spf;~, . 
Lab Coder casa No.: 9A8 NO,: 6W NO.: 91171 

Lab Sample ID: 10123- 004 

Sample wt/vOl: 30.0 (g/ml) *= ,4 Lab m e  m; 
Date Sampled: 01-09-96 

% Moisture: wt dec. 2 dec. Date Extracted: 01. - 11 - 86 

Level: h w / d )  &QW 

SONC . Date Analyzed: - -  
1 . 0  gEI: DiIutian Factor: 

. U: conceneratiun of m y t e  is leaq than the value given. 





E'ORM I PXST 



I ' -  

Lab Nand: OuANTERTu\.Ma contraat: a67-01 

Lab Coder Ca8e No.: SRS no.: S W  NO.: 51.171. 

Matrix: (aoil/waterl SOIL Lah Sample ID: 10123-007 

Sample ut/rol: 30.0 (g/ml) # Lab File ID: 

Lsvalx (bl#/medj mw Pate Sampled: 01-09-96 

tMoiature: notdec. 3 . dac. . 01-11-96 

01-16-96 

I 

mctra seg8/conr/sonc) 8ONC ' 

GPC Clesnupr (Ym A QEi: . Dilution Factor: 1.0 

fWfTBr 
cA8 m. m- (w/L 01: us/%) IJc3/K a Q 

34 U 
34 
34 

34 
200 

-u- p 

3 4  
I 

I I h I 
SDr see dilution. 
U J ~  conoentration of andyte is lese than the value g5.ven. 





1D EPA SAMPLE NO. 
PCB ORWWICS ANALYSIS D.ATA Sazirp 

I 

Lab Code: case No.: 6As x0.r s m  Xa.: S1171 

M a t r i x :  {eoil/uater) -G.€gb 

Sample ut/vol: 30.0 (g/ml) G Lab File ID: 

Liib sample m: 103.23-008 

&vel: (low/mcd) LO w Date sampledt 01-09-96 

% )dOi6turer MC dec. 2 dec.- Data dlxtracted: 01-11-9e 

: tsepF/cont/Sona) Soh% 01-16-96 

: (Y/m N 1.0 

11097-69-I------ 
llO36-82-5------Amdlor-1260 

Ux Concentration of analyte i s  laoo cfian the value g3m. 

FORM I PEST 



. .  

12674-11-2------Amo1Qor-1016 
iiio4-2a-2------ AmClor:izzi 
11141-16-S------Rroalor-1232 
53469-21-9------ JlxocIor-U42 
1267~-29-6------A+oclO~-l248 
11097-69-1------ Aroalor-la- 
iio96-a2-s------ ArocT~r-r260 

1D EPA G W L I ~  No. 
PCB ORQANICS AHALYSIB D-WA SHEET 

I I 

34 . u -  - 34 r J -  
3 4  -up - 34 
3 4  -.- 9- .34 - 34- - - -  

tab Namer 0muWimta.M Contract: 262-01 

Lab Codes a case KO.: SAS NO-: - SDG No.: 91171 

SQXL . -3 -009 Matrix: (soil/water) Leb Sample ID: 

Sample */VOX: 30.0 (g/ml) G Lab File IDx 

Level: (low/mfld.l Low Dare Sampled: 01-09-96 

% Moisture: not &a. 2 h a .  Date Extracted: 01-11-36 

01-16-96 SO”” L C b  cd I -action: (sepP/Qnt/sonc) 

Faator: 1.0 Ckarrup: CY/nl pH: 

.. . 

POW I PEST 



I PEST 



I - I Lab luame: -. MO Contxaarr: 262-01 

Lab Code: lnMg Case NO.: 8Ag X0.r SDG No. t S1.171 

Matsix: (SOil/water) so XG Lab Sample ID: 102.23-011 

sample ut/vol: 30.1 (g/ml) a Lab Ffl@.ID: 

&vel: (lae/med) l&W Date Sampled: 01-09-96 

0 bfoisturex not &a: 3 daa. Date Extrzcted: 01- 11-96 
01-16-96 

1.0 

Sons) fiozTc. Dace Analyzed: 
Dflution Factorx PHs 

U: Concentration of d y t e  io less than the value given- 

._/ 



. .  
. .  

I .  

. . .  

u> EPA SAMPLE NO. P(=8 BRQU.tiXC8 m Y 6 I S  DATA SHEET 

. .  
. _ I  

. .. 

I cT00062RM I 
Lab sarrS>le I D 1  10123-012 Matrix: (soll/wa~er) soft 

-le wt/wl; 30.2 (g/ml) G L& File ID: 

I--"-I i i l  I- 

FORM I PEST 



Lab Code: Case No.: .- 8A6 NO.: SDB NO.: 53.171 

~ LabSampleID: 10123 -013 Matrix: ~ (soil/waterl SOXL 

Sample WC/Volr 30-1 (g/d) 0 Lab Flle ID,- 

Level: ( l o w / d l  Low r)atQ SaXl@.SdZ 01-09-96 

t' misture: not dec. 4 dec.- . Date Pctractadr - -  
S;o;:c Date Analyzed: -91-16-96 

pa: Dilution Factor: 1.0  

U: Concentration of andlyte is less than the value given. 



Matrix: (soil/water’) s o n  Lab Sample IDx w 3 S  -014 

Sample wt/voli 3 0 . 2  (did1 Q Lab Pile m: 
LeVelt ( l O W / w d )  M W Data Sanrpled: - 01-09-96 

% Moisturea not dec. 4 dec . Data Ext-: - -  - 
mtractia: (sepp/cont/sonc) smc Date Aaalyzedr 01-16-96 

GPC cleanup: (WN) A pE : Dilution Faatox: 1.0 . I 



m EPA SAMPLE NQ. 
\ PCB ORQAElXCS " i Y S I S  DATA S E E T  

I 

9A9 NO.: SIX3 NO.: $1171 Lab Coder IRUX) Case H0.Z 

~ z t r i x :  (soil/water) SOXL ];ah Sample ID: 10123-015 

sample u t / ~ ~ l r  30- 2 (g/ml) a Ldb Pile mx 
Levalr (low/med) m Date Sampled: 01-09-96 

% Moisturex not e o .  4 dec . Date Extracted: 01-15-96 .,. 
cWt/SanCl 6OW Date Aualyzedz 01-16-?6 

-N- pE: D f i u t f a  Factor: . % . Q  

-ION DNITSt 
%As ND. colqpormd (w/L or ug/Kg) DO/KG Q 

I 
I 1 I I 

I I I 

U: Concentration of analyte 3s less tztan the value given. 



I CTooo66RM I Lab Name: (lmmmw&Mc) C a t a C S :  262-01 

Lab Code: Case No.: - a s  xa.: SIXd NO.: 51171 

bfatrix: (soil/water) SO= 

sample w t / v o l x  3 . 2  (g/niL1 0 Lab Pile m: 
-el: (lowfmd) Lo# 

Lab Sample m: 10123 -016 

Date sampled: - -  

c Moisture: not dea.. 2 dea e Date Extracted: 01-15 - 96 

SONC . Date -ped: 01-16-96 
* -  

P K X  Dilution Faator I 1.0 

CAS m- 

u: concentration of a n l l y t e  is less thaa the value given. 



case SO. r SA23 NO.: 

12674-11-2------ Arocilor- 10 16 
iiio4-a8-2------ Aroalor- 222 1 
3.3.l41-16-5------ --I232 
53469-21-9------ AmClOr-1242 

(8 . .  

tab Sample ID: 

Lab File ID: 

Date 8ampLed: 01-09- 96 

34 
34 
34 
34 . .  
34 
34 . 
- - 

9 1  

t Moisture: not dec. 2 dec - nace fsctracted: - - -  
901TC &tc hnalyzedc 01-16-96 

p8 : Dilution Faatorr -1.0 

CAS m- @omPormd. 

la672-29-6------ AroClW-x2! 

11096-82-5------ W a l o r - 1 2 6 0  
11097-69-1------AmclO~-~S4 

U: cbncentrati0.n of analyte is leea than the value given. 



m BPA SAMPLE NO. 
FcB ORaANXCS ANAtyGI8 DATA SMp(T 

I 



porn I PEST 



-. 





.. . 

12674-21-2 - - - s - - Ivoc'3or-lOi 
11104-28-2------ Azoclcrt-3.22 

-672 -29-6- -- - -- 2woclor- 124 

11141-36-5------ Aroclor-12 3 
53469-21-9- - -9- - 
11097-69-1------ ~rocl0r-I2s 
11036-82-5------ M o r - 1 2 6 0  

U: caacenbatian of ana l y~e  is less irhm the value givar. 





LD EPA SAMPLE NO. 
Pci? OROANICS RNRLYSIS' DATA SKEBT 

I I 

I I I I 

U: Ooaoentratioxa of analyte is less. than the Mzue given. 

FORM I PEST 





... 

: TO: Wayne Spmltes/Nick Demos. 
Fax Number. (303) 860-8774 

Phone Number; (3303) 988-8598 

Fax Number: (314) 29&8757 
Phone Number: (314) 298-8588 

From: John Powell 

U Not detected a! !he detedion limit stated 

__ 



. .  . ,  . , .. . .  

To: Wayne Spmlles/Nlck Oernos 
Fax Number: (303) 960-8704 

Phone Number: (303) 986-8588 

From: John Powell 
Fax Number: (374) 298-8757 

Phone Number; (314) 298-3586 

'Pa RESULTS 
. . . . . . . .  

-*. :.- . ! ..> . . . .  

._ 

U Not detected at the detection limit stated 

. . . .  
.... 
. . .  

. .  

I .  .... -' . 

! !  

. .  
. _  

. .  I 

t 
: -. . 

.. ., : . . i .  . .  . . . . .  ? 

- .  . . . . . .  

.... 
.~ 

. :  . . .  ... 

. .  . . .  
. .  
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To: Wayne SprolleslNick Demos 
Fax Number: (303) W-8704 

Phone Number: (303) 9s8-8588 

L 
Date: 9118/95 

I .  ...--... . ' . .  .ii 
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. .. . -. .~ . .:. :: -: i 
. . . .  .~ . . 

1 :  

, . .  . . . ,: . . ~. 

. .  
1 

I :  : 



.. , .  

To: Wayne SpMfks/?dick Demos 
Fax Number: (303) 966-8774 

Phone IWmber: (303) 9668598 

From' .fohn PCMien 
Fax Number: (314) 288-8757 

Phone Number: (314) 298-8566 

PCBRESULTS 



To: Wayne SpmlIedNick Demos 
F q  Number; (303) 866-8774 

Phone Number: (303) 866-8598 

From JohnPowelt 
Fax Number: (314) 298-8757 

Phone Number: (374) 298-8588 

U: Not detected at the detection limit stated 



U: Not detected at the detection limit stated 





To: Wayne SptMedNick Demos 
Fax Number: (303) 9885198 

Phone Number. (303) 966-57QO 

To: Laura Johnson 
Fax Number: (303) 9663400 

From: JohnPowen 
Fax Nrunber: (314) 2888757 

phone Number (314) 2- 

U: N0t-d- at ffie detedion limit stated 
Units: UGKG 



*an-, 
Bppimnrmeabpl w 

To: Wayne SprofiesMii Demos I 

Fax Number. (303) 96W6533 
Phone Number: (303) 96&5790 

To: LauraJohm 
Fax Number: (303) 8663400 

Fax Number: (314) 288-8767 
From: John Powell 

phone Numbec (314) 2988566 - 

U: Not detected at fhe detection limit stated 
Unlts: UGlKG 



CAS NO. ComBound 
I 1 .  I 



m 
PCB ORGANICS ANALYSIS DATA SFkJ!  

12 674-&1-2----Aro~lOl6 
11104-28-2- hrC?clor-l22 1 
11141-16-5-Arocl~c-1232 
53469-21-9- Aroo%or-l242 
12672-29-6------SrO&lOr-l248 
1109?-69-1~-Aroalor-l2 54 

I L& N-: O-.MO b n t r a a t r  7- I ss00430- 

Lab &e: fTKo Case No-r GAS No.: 6DC1 No.: 91181 

~trix: (soil/water) SOIL Lab 9ampl.e ID% 10377-00l)lLs 

Sample wt/vol: 30.0 ( ! 3 / d ) _ c r  Lab F i l a  ID; 

iao 
--u--- 
-3- 

- - 38 
3 8  

a6 
-3- E3J= 

-n 18 

Level: (low/med) Mw Date sampled: 02-15-96 

% Moiaturar not dea. 14 dec . nata Sxtraotedr 02-21-96 

Blntactlon x 4 SepP/Cont/Sonc) SONC Date A n a l p d r  02-22-96 

GPc Cleanup: (P/N) QH : Dilution Faatot t - 1 

QLS NO. Cotnpound 

1 I 1 

- 
U: 

- 
3 0 7 - - -  I 
v v  - ~ _  _ _  

I= lJ.096-82-5- AfodLOr-U6O 

concentration of analyte i s  less than the value si-. 



3.D 
PC8 OEU3WCS AE%YSZS DATA SEElCT 

Lab Nama: O ~ . H O  Contract: 262-01 

tab Codcr case NO.: 

mtrixt (eoll/water) SOIL Lab Sample XD: 

Sample wt/volx 30.1 (g/ml) u Lab File IDt 

Leve1.t ( l o w / m e d )  LOW Date Sampledr 

t Hoiaturer lidt deo, 14 dec . Date E x t r a m s  02-21-96 

Bxtraotiont (SapF/Wat/Sonc] - 2 t Q B i L  Date .?malyeedc 02-22-96 

GPC Cleanupx (Y/t?) 'PHI IKlutrCm Factor: - 1 



Lab &as cam NO.: SA9 a0.r SDO No, : 

~tcalor-1221 

22672-29-6-A1xh=Ya&2248 
11097-69-1-A~0cl0~-or-12S4 
11096-82-+----~roal~U60 

I SS00434RH 

81181 

37 U 
37 0- 
37 U -  

-tl- 37 -- 
37 -+ 
37 
4 6 7 - -  

Matrixr (soil/water) SOIL Lab s~mple ZD: 10377-002 

SmpLe wt/volt 30.1 (g/ml) v Lab File ID% 

Level: (lOw/med) Low Date sampled: 02-15-96 

0 Moisture: not dec, 11 dec- Date zx+taoted: 02-21-96 

€iackraotionr ( S ~ ~ / ~ a t / t k a a )  - Bate Analyzed: 

GPC Cleanup: ( Y D )  _.W S?Bt b i l u t i o n  Factor: - 1 

CAS 80- 

I I 

I 1 I I 

BolM I PBST 



LabEtame: 0 Cantractr 262.01 

Lab Cob@: Case No,: BAS H0.z S W  tO0.r 51181 

llatruf (soil/water) SOIL tab S T L O  ID: 10377-006 

Lab Bfia ID: 

Date Sampled: 02-X 5-96 

t MoFsturer not aec. 11 dea- Date Bxtraotear 02-21-96 

XXtrCLotioXlr fsepppcpnt/sono] 80Nb Daw A a a l p d :  02-22-96 

OPC cleanup: (Y/N) ’IJ pa: niLution F a O t O r t  -- 1 

W: Canuentration of analyte is h s a  than tne value given- 



12674-11-2- R r o o l a r l O l 6  
11104-28-2------ Aro&lox-1221 
11141-16-5-~lnr-l.232 
53469-21-9- AroclOr-1242 
12672-29-6---- Aroclor-l268 
11097-69-1- Aroalor-1254 
11096-82-5-- Aroalor-l260 I 

33 
33 
33 
33 
33 
33 
33 



... ” 

a .  . 

PSPROl 
Lab Name: QUANTBRPA, MO Contraat L 262.01 

Lab code: ITMO Case Xo.8 SAB NO,: SDG No.: s1182 

Hbtz3x: (8oil/water) son Lab sample ID; 

Sample wt/vol: 30.0 (g/ml)r- Lab Pile u 3 ~  

Level: ( l ~ / m e d )  Low 

% xoisture: not dec. dec . Date l b c t r a d x t l r  02-23-96 

Extraction: (SepF/Cont/Gonc) SONC Date Analyzed: 02-28-96 

Date Sampledr 

cpc Cleanups (P/la) N pa: Dilution Faator: 1 ~ 

CAS m. 

12 672-29-6----+0oio4a 
1109769-1---Aroalor-l254 

Ut concentxatb of aaalyte is lesa than the value given, 



ln IQA !3NdPLE XO. 
PW oRoAblxc8 2uzAZYSI8 BaTA SBET 

I SS00463RM I Lab Name: omsNTgRRA,Mo Contrack8 262.01 

Lab Code: ITMO Case No.? SAS xo.: $DO No-s 51182 

K a t r f x t  (sofi/water) SOD Lab Sample TDt 10394-001 ' 

'S~mple w t / v ~ l :  30.2 {g/Ep1) 9 Lab File mr 
Level: (luw~rned) ,LOW- Date sampledr 02-21-9 6 

0 Woisture: not. dec- 3 &a. Date Extracted: 02-23-96 

gxtraction: (SepP/Cont/Sono) 801Pc Date B n a I y x e d :  02-28-96 





i 

I L a b l a m e t  0-e ?SO Coatraatr 262, 01 I ss00473RM 
t3m no.: 6DQ NO.: -82 &ab code: Case No-: 

Matrix: (mfl/water) SOIL 

Sample */vola 30-0 ( 9 / d l , a .  Lab File ID$ 

Level: [IOW/med) Low Date Sampled: 02-21-9 6 

0 XoFeture: not dec. 13 *a. Date lbrtracted: 02-23-96 

Lab Sample fDr 10394-003 

-ExtractLont (SepF/cOnt/Sonc) SONC Date Analyzed: 

GPC CleallUpt (YD) pH: DilutLDn Eaator: 1 

CAS NO- compbnnd 

u: Concentration of analfie is less than the  value given. 



I 8S00473REM6 
Lab Name: cKEwrmw,Ho Cantraatr -262.01 

sI)c No.: S1182  ab coder _ITHo Case No.: .. 6AB No.: 

- Level: (lowfmed) m Daw 6 ~ 1 e d r  02-21-96 

B Moisturet not dw. 13 deu- Date &ctractsdt 02-23-96 

Extraation: (6epB/Cont/f3onc!) Date Aaalyeedt 02-28-96 

GPC Cl€G%nUp (Y/bI) J PHI DilutLon Facforr 1 

CBS no. eomponnd 

I 
. I  

I 
U: Concentration of analyt~ Js lesa than the value given. 



...- 1 2 6 7 4 - _ l l - 2 - ~ 0 ~ l o ~ 1 0 1 6  
lllQ428-2- ~ a l c u r - 3 2 2 2  
11 l 4 1 - u i - E - ~ ~ ~ 1 2 3 2  
53469-21-9------ hroalo~3242 
l2672-29-6- Atoalof-1248 

Broalorl254 [ ;g;:::;r:=- Aroa1s.r-1260 

I 

 ab Name: O m .  KO -act% 262.01 

1-40 
38 __fs__ -r 38 
38 u -  

-u_ 

30 -+ -- 38 
350 

 ab coder Case No,: SA8 BO.: SDG N0.r 81.182 

Lab Sample ID: 10394--003H8D mtrixt (soil/uater) 8 0 s  

sample wt/vol: 30.1 ( g / l w a  Lab F i l a  13: 

Level: (104med) Date Sampleds 02-21-96 

P Hoieture: not dea. 13 dea. Date Extraateclr: 02-23-96 

Exttactionr (SepF/Cont/Sorlc) SONC Date AnaLyeedt 02-28-96 

GPC Cleanup: (Y/H) 2 Dfiution Factor- 1 



ID BPA 8m~m wo. 
PCB ORGAXXCS ANALXSIE DBZA'BBEET 

I SS00477RH I &b mme: QoIs19TERRApM0 Contra&: 262.01 

tab Code: Case N0.x SA8 lo,: 8Da Eo-: S1182 

r n t r b x  (eoil/watsr) S ~ X L  Lab sample I D t  10394-004 

sample wt/w>l: 30.2 (g/ml) 9  ab rile mt 
Level: (lcu/raed) LQW D a t e  6gmpledr 02-21-96 

,ct  Hoisturet not dea- 5 dec Date gxtraated: 02-23-96 

'Brtractions (sepa/ant/sona 1 smc . Date 3iualymdt 02-28-96 

GPO Cleanup [X/rj) LJ pa: D U u k i . ~ n B n o t o t ~  1 

CAS KO. CoPlpaund 

ut concentzation of analyte is lese t&an the value given- 



1D BPA SAXPLE KO. 
P& ORGANIaS AHALYGIS DA!Eh Sii%ET 

I S S 0 0 4 8 ~  
Lab Loame: o-,Ho Cantract: 262 .Ol 

Coder Case No.: shs No-: ax3 No.: 

Matrix: (aoil/watar) SOIL Lab Sample 33: 10394-006 

12674-1~-2---.Aroclor-1016 
1 1 1 0 4 - 2 8 - 2 ~ A Z O o l ~ ~ ~ l  
11141-16-8- Aroclcxr-1232 
53469-21-9-Ik0W1242 
12 6ZGG?9-6-&0~1-#46 
11097-69-2-~l~-~r-1254 
11096-82-S- Arw10~-1260 

I 

sample wt/vOlt 30.1 t a / m l ) . L ,  Lab Pile X D r  - 
02-21-96 

02-23-96 

Extraction: (SepF/Cont/SOnC) SQRC Date ZmaSyzeclt 02-28-96 

Dflutfon FaCtOrt 1 

ravel: (low/med) LOW Date Sampled: -_ 
. %  misturer not dea. 6 dec. Date Extraceedr 

GPC CleadUP: (P/B) 2 PES 

35 
35 
35 
3s 
35 
35 
-340 

CAS NO. Co2Ppound 

I I I 

I 



. .  

ST- LOUIS, MOW 



Lab Codex f.PHO Case No. t sA3 No.: SDG No.: 31181 

MatrLrr (soil/water) svXL Lab sample ID1 10377-003 

Sample vt/vol.r 30.2 .(g/ml) a Lab Pile ID: 
Level: (low/&) Date Sampledt 02-15-96 

% Hpi&ure: not dec. 6 des- D a b  Extra&&: 02-21-96 

02-22-96 Sxtractianx (SspR/Cont/SonO) OOHC Date AndLy l ;edr  

ow cleanup$ (X/H) J et Dilution Faator:! - 1 

amcE3rEWmON mmTS: 
CAS NO. --d (ag/L O t  og/Kg) uQ/m Q 

I I I 1 
l2674-11-2-~~U~.r-l016 . 
11104-28-2.----~cl~,l221 
11141-1 (i-5----Aroalo~-l.232 
53469-21-9------ A r o c l O r - l 2 0 2  
12672-29-6---~raclor-l248 
11097-69-1---IYPclot-1254 
1’10.96-82-5---Br0~10t-~6~ 

35 u 
U -  36 
-IJ- 35 

39 -0- 
---a- 35 
-U- 35 

-180 
-- 

1 I I I 

U: Concentratim of. analyte Fs less than the value given. 



Lab Codor C%se No;$ SAS NO-¶ mQ-: -1 

~ a t r F x r  (aoil/water] SOIL - Lab 8-28 ZDZ 10377-004 

Sample wt;/volr 30-0 (g/ml) Q Lab F i b  IDt 

Level: (low/uted) ~ o t s  Date Bl~ltpledr 02-15-96 

t noisture: not dec- 18 dec . gate extracted: 02-2 1-96 

Extraotionr (SepF/Oont/Sonc) --§s!EL Date Analyssacix 02-22-96 

GPC c l o & ~ % ~ p r  ( Y / N )  J BH D f l u t b n  Faator; 1 1 

.U: Concentxatfon of aaalyte 16 lass t h  the value given. 
I 



I Lab Name: OUANTERRA , MO contract: 262.01 

12 ~4~ll-2----AtOClkc-I016 
lU04-28-2- Esroclor-122 I 
11141-16-6-- W l o + J 2 3 2  
s3469-ai-g------ a z x ? d . Q r c ~ ~  
12672-29-6----- AtOol0~1248-  
11097-69-1--- arOclorl254 
11096-82-6---Aro~10~~60 

Lab Code( fTMo Case N0.z SAS No-: 8DQ Roe8 51181 

Hatrixi (soil f w a k e r )  SOIL  ab Sample mx 10377-005 

snmplo wt/volr 30 -0 ( Srm )a Lab Pile mr 
Level: (lOuJ/rned) Low Data 8Pmpledr 02-15-96 

36 lJ 
36 7- 
3 7  -ti- 
36 -lJ- 
36 =u= 
36 -.- 
270 

P misturer not dec. 8 de0 . Date G J c t r a a t e d x  02-21-96 

axtraction: (segP/cont/eona) SQNC Date b a l y z e d r  02-22-96 

GPC Cleanup: (Y/N) 2 PH a Dilution Paator: - 1 

CAS NO. cor0pa-Q 

I I I I 

I I I 1 
Ur concentration of analyta is less than the value given. 



conuamt .2§& 01 Lab Name: QUANTERRA,M6 

SAS NO.8  ab mdea case  NO'.^ 
Matrix: ( s o i l  j w a t a r  ) s f L  Lab Sample ID? 

6cuaple wtfvalt 30-0 ts/ml LLL-4. Lab File XD: 

Levels (lar/med) LOW 
% MoistUte: not dec- 1 1  dea. Data gxtracted: 

02-22-96 

1 

f5rtraotiont (scpP/cont/sono) -ssmL 
Gpc cleanupt (Ym) p a l  Dil&ion Paator: - 

I 
U 

-U- 
37 

U -  
37 

u -  
37 

u -  
37 

T J -  
31 

C I -  
37 
37 -- 
- 



Coder case N0.c SA9 H6.X SDO no.: Sa181 

mtrix: (sofl/water) s o n  Lab S-18 TDr 10377-008 

Sample wt/vol: 30.2 (g/ml) a Lab Pile ID? 
~ w e l :  (lw/med) lxIw D a b  Sampledr 02-16-96 

t H O h I X r Q S  not deC. 10 dea e D a t e  m a c t b d r  02-2 1-9 6 

Extact ion:  (SepF/Cbnt/Bo&c) -Aic!BL Date A r d . y ~ e d a  02-22-46 

GPC Cleanup: (Y/N) 2 RE: 1 

oOmp0-d Q 

37 - 

37 
37 
37 
37 

1 37 

I I 

uz cmoentratfon of d y t e  LS leiis than the value 9 i . n .  

U 
-lJ- 

U -  
I I -  oc 



tab Name: 0UA”I’ERRA H 0 Contraott 262-01 

Lab Code: Case No,: SAS NO.: SDG No. 1 81181 

Matrix1 (BoiUwater) Sort Lab sample ID: 10377-009 

sample wt/vol: 30.0 ( g / m l ) , a _  Lab F i l s  ID: 

Level: (law/med) Lotj Date S&lQladI 

% MoistUte: wt deo. 8 dec. Date’ Extraatad: 02-2 1-96 

I I I I 

Us Concentration of amlytc la leas &an the value given. 

BoRbi I PBST 
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S 
* I  

TO: Wayne SpmlledNick Demos' 
< FaxNumber: (303) 966-8774 

Phone Number: (303) 966-8508 

Fmm John Powen 
Fax Number: (374) 29&8757 

Phone Number. (314) 2988586 

. .  

U Not detededat the detection Urn& W e d  



. .  

Date 9 / 2 2  2-% 
Number of pages Including mer sheet <. 

To: ~ I From: I 

Phone (314) 298-8666 
Fax Phone * L314) 23847S7 



58 DATA SaBET 

-i 



Lab Name: Q-, MO contract I 26241 

L& codet JTMO cage No.:- SAS R0.r SDG 630.: 

0: concentration. of analyte LB lees than +he value given. 

Fom I PEST 



Lab Name: 0mlNTBRRB.W Contraat8 262-01 

Lab Coder YTXO Case No.-$ SAS NO. t SDG NO. 2 

mtrh: (soU/water) sort Lab Sample ID: 

Sample wt/vol: 30,l (g/ml) Q Lab P i l e  ID% 
Level: (low/med) zxlw 

% xoisture: not bW 8 dw. 12-18-95 

Extzaction: (SepF/ccmt/soncr) 8Qto% 12-20-95 

GPC Cleamrgt (XjrS)  2 P B I  Dilution Factor: - a 



lD 
P a  O.RGANXo3 ANALYSIS DATA 8- 

I Lab Name: QUANTERRA, MO Contraut: 262-01 

Lab code: Cam No.: SA9 no.: SDG NO,: S1165 

Makixt  (soil/water) SOIS Lab Sample ID: 9990-004 

sample wt/vol: 30.3 (gjml) 9 Lab Pile IDS 

Level: (low/med) Mw Date Sampled: 12-05-9 5 

% Koirrture: not dec. 3 dec- Date Extracted: 12-18-95 . 

Extraction z ( SepP/Czmt/soac ) 80x0 Date Axmlyzed: 12-20-95 
GPC Cleanup: (Y/Z?) W 1 DflniAan Faotorr - pa: 

CAS NO, compound 

53469-2 1-9---arOClar-l24~ 
l2672-29-6-- ArOalor4248 
11097-69-1--Acwl~X?r-1254 - 11096-82-5--- Arwlor-1260 

U: concentration of analyts is less than the value giveno 



Q U ~ T E R Z A  
ST. LOUIS, MO 
(Formerly lTAs - St. LOUIS) 

FaX -3 (324) 298-8 

If You Sxpwience muble, tall ( 





ID 
PCB ORaAMCs ANALYSIS mxA SEERT 

12674~11~2------Ivoc1~-1016 260 
31104-28-2 - - - - - -&odor- -21 I_ 390 
1 1 1 4 1 - 1 6 - 5 - - - - - - ~ ~ ~ - ~ 3 2  390 
53469-21-9------ Ar0d.0~-1242 390 
~672-29-6------ArOcLOr-lil48. - 330 
11097-69-1------ArOd.OX-l254 390 
11096-82-5------ Ar0~10r-1260 7200- 

3ab Name: 0-t MO Contract: 262.01 

Lab Code: Case NO.: S A 8  No.: SDG m.: 

J -  

-?L.- 0- 
u -  ,- 

I 
siia5.  

~atrixr (aoil/waterl SOIL - Lab S-le ID; 

sample wt/V01.: 30.0 (g/ml) 4 Ldb Pile ZD: 

u=vdr (104med9 LQW Date Sampled: 05-01-96 

05-06-96 % Moisture: not dea. 14 dec a Date Iktxacted: 

Extraction: (SepF/~lat/Sonc) SONC Date Analyzed: 0.5-07-96 

opt Cleanup: (Y/bl) 2 PHX BUukicm Factor: 10 

BCXRM I PEST 



o q ,  Lah Name: MO . ContTaot: 262.01 

Lab Code: I m O  Case No.: ~ SAS NO.: SIX3 NO.: 61185 

m a :  (aoil/water) . son, - Ldb Sample D: 11002-0OlMsD 

I 
Sample wt/vol: 30.1 (g/W Q Lab File ID: 
Level: ( h w / ~ d )  L O W  D a t e  Sampled: 05-02-96 

deo . Date Ectracted: 05-06-96 

&xtraatidnx (SepF/Cont/Sonal smc Date Analyzed: 05-07-96 

Moisture: not dec. 14 

G P C C l W r  (Y/W .N pE: Dilution Factor: 10 

Aroclor-&Ol6 

Ar~clar-l248 
Aroclor-1264 , 

U: Concaxat ion  oE analyte i s  less than ehe amlue  en. 

I PEST 



cs ANALyGrs DATA SHEET 

 ab mme: -.Mo Cantract: 262.01 

Lab Code: ITMO Case No.: . SAS No.: SDG N0-z S1185 

M a t r i x :  (eoil/water) Son - Lab Sample ID: 11002-002 

Sample wt/vol: 30.1 ..(g/d) 9 Lab F i l e  ID: 

.mvel: (low/med) L O W  Date Sampled: 05-01-96 

0. Moisturer not: dec. 13 dec . Date Rxtracted: 05-06-96 

Extraction : (SepP/Cont/Soaa) s.wc Date Anafyzedr 05-07-96 

GPC Cleanup; (Ym) N pH; D i l U t i a  Factor: - 10 

(3JS-m m T S :  
CAS m. cornpound (ug/L or ug/gg) U G / ~  0 

TJ: Concentration of e y t e  is leaa than the value given. 

. .  

goRM I PEST 



6S00488RM I 
Lab Name: QuAwmRRA. MO Contract s 262.01 I 
eab Code- Case NQ-: SAS NO. : SIX3 NO,: S1285 

Matrect (soil/watar) s o n  - h b  !%I@.@ m: 11002-003 

Sample wt/vob: 30-4 (g/ml) 9 Lab File ID: 

L e d :  (now/noea, Low Data S a q l e d :  05-01- 96 

B Moisture: not dec- 12 dec.. Date ExtPaatedx 05-66-96 

Ux Concentration of analyte is less than the value given- 





I SSo0490RM I Lab blame: -. MO Contract: 262. or 

% mu-: not &c, 3.4 dec . Date Ectracted: 05-06-96 

sxtraation: (SepP/~nt/SOnc) SON@ Date Anafyzed; 05-07-96 

GPC Cleanup: (YD) N 10 Dilution Factor: -_ 
CAS m. comporma 





I .  . . .  .. .. :' ... .. ', .. .. . _ .  . . *  





I 



FOPX P PRST 







I 
- 

SSO 0 4 9 8 ~ ~  

= I?O- I ,Slf85 

Lab Saag?le mz 11002-0x3. 

Lab File ID: 

Date Samplai: 0.5-01-96 







I 





sa, LOUIS> M o - .  



. .  . .  . : ._ .. .. 
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m 



.,- 





.- 

e 





0- I Lab Name: ERRA,MO Contract z 262-01 

Lab code: caee NO.: $9s NO*; SLx3 NO.: SI212 
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Table 1 categorizes PCB s p i l l s  into' approximate levels of  action 
for pCB sp i l l  cleanup based on concern. Potential environmental problems i n -  
crease with increases i n  PCB concentrations, amount of spi 1 1  ed 1 iquid, spi 1 1  
area and dispersion 'potential The three s p i l l  
types presented i n  Tqble 1 are based on very rough estimates. "Severity" i n  
one key item such as human exposure could raise  a s p i l l  t o  a Type 3 ( i .  e . ,  
requiring special attention). On the other hand a spil l  of a large volume of 
liquid may be considered a Type 2 s p i l l  due t o  a re lat ively  low concentration 
of PCBs. 
s t ra te  t h e  f l e x i b i l i t y  needed i n  responding to  PCB s p i l l s .  EPA Regional Of- 
f ices  should provide guidance on spil II cleanup a c t i v i t i e s  whenever questions 
develop. 

The situations described i n  this chapter are  'limited t o  recent PCB 
s p i l l s  o f  similar magnitude t o  the reported &pi l l s  associated w i t h  PCB o i l  

 transformers and capacitors ( i  e e. , Type 2 i n  Table 1). 
incidents (Type 3 in Table 1) involving large volumes o f  PCBs, a large sp i l l  
area, a high probability of signif icant human exposure, and/or severe 
vironmental o r  transportation scenarios may require special considerations, 
beyond the scope of t h i s  discussion. 

and potential human exposure. 

The three categories are only approximate and are intended t o  demon- 

Unusually- severe spi 1 1  

en- 

All s p i l l s  from regulated equipment are typically subject t o  the 
detail  of e f f o r t  outlined i n  this chapter. 
(Type 1 i n  Table 1) i s  required i f  the concentration of PCBs in the spi l led 
material i s  50 ppm o r  greater,  the s p i l l  and the cleanup ac t iv i t i es  normally 
are n o t  reported to  EPA.' 

Although cleanup of smaller s p i l l s  * .  

Future changes in €PA policy may invalidate some of the discussions 
appearing in this chapter. 
categorization scheme for  PCB s p i l l s ,  some of the assumptions made i n  th i s  
chapter may become inappropriate. 

For example, i f  EPA adopts any type of  formal 

8. Components o f  the Cleanup Process 

1. Health and Safetx 

Protection o f  the health and safety of the clean-up crew during the 
PCB cleanup operation i s  an important concern, References discussing health 
and safety considerations relevant to  some PCB s p i l l  incidents include NIOSH 
Criter ia  f o r  A Recommended Standard for Exposure t o  Polychlorinated Biphenyls 
TPCBs) (1977~) and Health Hazards and Evaluation Report No. 80-85-745 (NIOSH 
1980). 
UPOR the specif ics  o f  the sp i l l .  

The approprjate level of health and safety protection i s  dependent 

2. Reporting the Spil l  

I f  the regulatory limits are exceeded, the s p i l l  must bei-reprted . 
<.. 

-. to  Federal, S ta te ,  and local authorities as applicable, Under €PA regulations 
[Fed. Reg. 50:13456-134751, s p i l l s  over 10 lb must be reported t o  The National 
Response Center. The t o l l  free phone number i s  (800) 424-8802. 
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3. Quick Response/Securing the Site 

Quick response is desirable to mitigate the dispersion o f  the 
I _. 

spilled material and to secure the site. 
cleanup actions commence within 48 hr of discovery of a spill C40 CFR 
761.30(a)(1) (iii)]. 

material before it is dispersed by wind, rain, seepage, and other natural 
causes or by humans or animals. 
determines the spi 1 l boundaries , prevents unauthorized access .to the spill 
sdte, and notifies all- parties Involved. 

basl's, depending on the specific circumstances. 
usually determined by visual inspection with the addition of a buffer area 
that may include PCBs finely dispersed from splattering. 
tent o f  the spill involves considerable judgment, including .considesation 
of the cause o f  the spC11, weather conditions, and specifics of the site- 

Field analysis kits may aid the crew .in determining the extent o f  
the spill in some instances. The field kits, when used_properly, can serve 
as a screening tool. The need for quick response has limited the usefulness 
of  the more accurate field. analytical technfques such aspfield gas chroma- 
tography. Practical problems associated with availability of the equipment 
and trained staff, set-up time, and cost have limited the use-of such tech- 
niques at this time, 

Federal regulations require that 

More rapid response. i s  highly preferable. 

A quick response allows rPemova1 or cleaning of the PCB-contaminated 

In securing the site, the cleanup crew 

The methods used to secure the site will vary on 'a case-by-case 
The extent of the spill i s  

- Evaluating the ex- - 

4. Determination of Materials Spilled/Cleanup Plan 

After securing the site, the response crew will either (a> immedi- 
ately proceed with the cleanup operation, or (b) identify the materials 
spilled and formulate an appropriate cleanup plan. 
can be developed by identifying the type of PCB material (i.e., mineral Oil, 
PC6 o i l ,  Askarel) and considering such factors as the volume spilled, area 
of the spill, and site characteristics, 

the necessary level of effort in accordance with the policy of the PCB owner 
and the €PA Regional Office. 
needed, plan the sampljng and analysis, and make other decisions related to 
the level of effort and-procedures needed. 

5. C1 eanup Procedures 

The cleanup procedure may include, but may not necessarily be I imited  

A suitable cleanup plan 

Based on reasoning similar to Table 1, the crew leader can determine 

He can determine if additional guidance is 

to, the following activities: P 

* *. - - -< 

Removal or repair o f  failed/damaged PCB equipment, 

Physical removal o f  contaminated vegetation; = 

L - 
I *  
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- 
c 

- Physical removal of contaminated soils, liquids, etc., 

- Oecontamination or physicai reinova-1 appropriate) of con- 
taminated s es, and , 

Decontamination or removal of all equipment potentially con- 
taminated during the cleanup procedures. 

Encapsulation may be employed only with EPA approval- 

,- - + 
2 .  x -  

- 
- 
The specific procedures used in a cleanup are selected by the PC8 

owner or the cleanup contr or. Uey. considerations include re 
from the site to achieve t standards required by the €PA regi 
or other applicable control authority; avoidance of unintentional cross con- 
tami nation or dispersion of .PCBs from workers ' shoes, contami na 
spi 1 led cleaning sol vents, rags, and other sources; and protec 
health. 

cleanup crew ry possible effort to keep the 
wers and wate . If this-has already occurred, the cr 

to contact the local authorities. .Water is never used fo r  cleaning equipment 
or t 1 site. 

le PCB spill 
a1 o f  contami 
t material and so l v  
ipment (shovels, sh 

up may involve t . removal of the I 1 eaki ng 
d soil by shovel, cleaning pavement 
and decontamination or disposal of 
loves, rags, plastic sheets, e 

More complicated situations. may include decontamination of cars, fences, 
buildings, trees and shrubs, electrical equipment, o r  water (in pools or 
bodies of water), 

In some cases, "adequate decontamination of surfaces (pavements, 
walls, etc.) may not be possible. An alternate to physical removal of the 
surface material is encapsulation of the contaminated area under a coating , 

impervious. to PCBs, (EPA approval would be required. ) 

6, Proper Oisposal of Removed PCB Materials 

All PCB-contaminated materials removed from the spill site, must be 
. shipped and disposed in accordance with relevant Federal, State, and local 
regulations- TSCA Regulations [40 CFR 761.601 out1 ine the requirements for 
the disposal of PCBs, PCB articles,,.and PCB containers in an incinerator, 
high efficiency boiler, chemical waste landfill, o r  an approved alternative 
method. 
are presented in 40 CFR 761.70 and 40 CFR 761.75,- respectively. Applicable 
Department of Transportation regulations are listed in 49 CFR 172.101, 

Facility requirements for incineration and chemical waste landfills 

7.' Sampling and Analysis % - 
--. A1 thoug detai'l in Chap- 

ab1 e considerations and 
ways be needed (especial 1y 
enforcement authorities 

ter I V ,  this disc 
current practice, 
for the spills describ 
or property owners may ask for proof that the spill site has been adequately 

7 



decontaminat@d. This can be accomplished by taking a number of samples repre- 
of the area contaminated by the spill. Samples should represent 
tent of the spill, both horizontal and vertical, as well as the 
terials in the spill area (soil, surfaces, water, etc.). 

vation should incorporate acceptable procedures for each matrix to be sampled 
and concern for the adequacy and accuracy for the samples in the final analysis. 

trained personnel using acceptable procedures with due consideration of qual- 
ity assurance and qua7 ity control - 

Sampling design and technique as well as sample handling and preser- 

Analysis o f  the samples-for PCB content should be performed by 

Further discussion 0.f sampling and analysis (applicable to €PA en- 
forcement activities) appears in Chapter IV. - 

- 8. Remedial Action 

If the analysis results- indicate the cleanup was not in compliance 
with designated cleanup levels additional cleanup is needed, Additional 
sampling Fan pinpoint the-location o f  remaining contdininated areas if the 
original sampling p 
within the spill si 
continue as before, removing more material or cleaning surfaces more thoroughly. 
Remedial actioh wil’l be followed by additional sampling and analysis to- ver- 
ify the adequacy of the cleanup. 

was not designed to identify contaminated sub-areas 
ff additional cleanup is needed, the cleanup crew will 

‘ 

9. Site Restoration 

This is not addressed under TSCA and is a matter t o  be settled be- 
tween the company responsible for the PCB spill and the property owner, 

10. Records 

Although there are no TSCA requirements for records of PCB cleanup 
activities except for documentation o f  PCBs stored or transported for disposal 
140 CFR 761.80(a)], the PCB owner should keep records of the s p i l l  cleanup 
in case of future questions or concern. 
dates, a description of the activities, records o f  shipment and disposal of 
PCB-contaminated materials, and a report of collected samples and results of  
analysis. 

.~ 

Relevdnt information may include 

11 * Miscellaneous Considerations 

a- Expeditious and effective action are desired throughout the 
cleanup process to.minimize. the concern o f  the-public, 

related to the PCB spill. 

sponsi bl e staf 
training to make proper judgements and to know when additional assistance Or 
guidance is needed. 

pecial ly residents 
he site. Wcewise; * - * * -  

ture concern or actton 

h 

ectiveness, in 
4 -* 

-of the spill re5 crews and re- 
ployees need sufficient 
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IV, GUIDELINES OM SAMPLING AND ANALYSIS 

s o f  environmental samples are an 
o r  safeguarding public health and 

should fol low the general operational model for  conducting analytical mea- 

on and accuracy, s m -  
l though many options are 

ing degrees of re l i -  
es avai 1 ab1 e ,  nf 1 uence 
01 1 owing section out- 
nd reliability o f  en- 

Effective enforcement moni’tori ng 

vironmental samples, including: 
*, verification and validation, prec 
ents., documentati on, and reporting. 

available when analyzing environmental samples, 
y  the objectives, time, and 
for enforcement monitoring.. 

r i t ica l ly  influencing the ou 

planning, quality assurance/ 

forcement monitoring of PCB spil l  cleanup, 

- A, Sampling Design 

- This section presents a sampling schem se by €PA enforce- 
ve a limit designated 

e2has:?been:zcl eaned ’up. es o f  error traceable 
are .possible. The f i r s t  , i .e . ,  
present a t  -levels above‘ t h  t when, in 
false -positive7 rate for the present situation should 
ement f inding  of noncompl ian must be legally de- 

fensible;-that i s , . a  violator must not be able t o  cla that the sampling re- 
sults could easily have been obtained by chance alone. Moreover, all sampling 
designs’ used nust be documented o r  referenced. 

ment s ta f f ,  for detecting residual PCE contami e 

. 

The second type o f  error possible is  , i .e . ,  failure 
t o  detect  the presence of PCE levels above the a 
negative rate will depend on the size o f  the con 
1 eve1 of contamination. For 1 arge areas contami na 
the allowable limit,  the false negative rate must, o f  course, be low to en- 
sure that the s i te  i s  brought into compliance. The fa l se  negative rate can 
increase as the area or level o f  contamination decrease. 

. _  

1. Proposed Sampling Design 

I n  practice, the contaminated area from a spi l l  will be irregular 
i n  shape. 
to  protec t  against underestimation o f  the s p i l l  area by the cleanup crew, sam- 
p l i n g  w i t h i n  a circular -area surrounding the contaminated area is  proposed. 
Guidance on choosing the center and radius o f  the circle, as well as the number 
of sample points t o  be-used i s  provided i n  Section 2 below. 

I n  order t o  standardize sample design and layout in the f ie ld ,  and 

-, . 
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Figure I .  Randomly located area of resjdual contamination 
within the sampring circle. 

I .. ,;. . 
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lack of knowledge was modeled by treating the sampling locations as fixed and ~ 

the center of t h e  contaminated c irc le  as a randomly located p o i n t  i n  the c irc le  -& 
of radius 10 ft. 
likely t o  be present anywhere w i t h i n  the sampling area i s  reasonable, a t  least 
as a f i r s t  approximation (Lingle 1985). This i s  because more effort i s  likely 
t o  have been expended in cleaning up the‘areas which were obviously highly 
contaminated. 

. .  
; 

The imp1 i c i t  assumption that residual contamination i s  equal ly %L<* 

Two general types o f  design are possible f o r  this detection problem: 
grid designs and random designs. Random designs have two disadvantages com- 
pared t o  grid designs f o r  this appljcatian. 
difficult to  implem n the field,, since the sampling crew must be trained 
t o  generate random 
regular. Second, g r i d  d 
than random designs. -A g r i d  design i s  certain t o  detect a sufficiently large 
contaminated area while some random designs are not. 

~ gested design w i t h  a sample size of 19 has a 100% chance t o  detecta  contam- 
inated area of radius 2.8 ft within a sampling c i rc le  of radius 10 ft. By 
contrast, a design based on a simple random sample o f  19 points has only a 
79% chance of detecting such an area 

Therefore, a g r i d  design i s  proposed. A hexagonal g r i d  based on 
equilateral triangles has two advantages for this problem. 
minimizes the circular area certain t o  be detected (among a11 grids w i t h  the 
same number of points covering the same area). Second, some previous experi- 
ence (Mason 1982; Matern 1960) suggests that the hexagonal g r i d  performs well 
f o r  certain soil sampling prolihns. The hexagonal grid may, a t  f i r s t  sight, 
appear t o  be complicated t o  lay out in the field. Guidance i s  provided in 
Section 2 below and shows that the hexagonal g r i d  i s  quite practical in the 
field and i s  not significantly more d i f f i c u l t  t o  deploy t h a n  other types of 
g r i d ,  

First, random designs are more 

and since the resulting pattern i s  ir- 

For example, the sug- 

ore efficient for this type o f  problem 

- 
i 

First ,  such a grid . 

-- 

The smallest hexagonal grid has 7 points, the next 19 points, the 
third 37 points as shown i n  Figures 2 through 4. In general, the gr id  has 
3n2 + 3n + 1 points. To completely specify a hexagonal grid, the  distance 
between .adjacent points, s ,  must be determined. The distance s was chosen 
t o  minimize, as far as possible, the size o f  the residual contaminated c irc le  
which i s  certain t o  be sampled. 
o f  sampling points and radius o f  smallest c i rc le  certain to  be sampled are 
shown i n  Table 2. For example, the gr id spacing for a circ le  o f  radius 20 ft 
for  the 7-point design i s  s = (0.87)(20) = 17.4 ft. f o r  a given size c i r c l e ,  
the more points on the grid, the smaller the residual contamination area which 
can be detected with a given probabi l i ty .  

Values o f  -s so chosen, together with number 

P ... . , 



Table 2. Parameters of Hexagonal Sampling Designs for a 
Sampling Circle  o f  Radius r Feet 

No. of Distance between adjacent Radius of smallest c i r c l e  
points points,  5 (ft) certain t o  be sampled 

7 
19 
37 

0.87r 
0 . 4 8 r  
0.3r  

0 . 5 r  
0,28r 
0.19r 
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The outer boundary of the Contaminated area 
is assumed to be 4 feet from the center (C) 
of the spill site. 

Figure 2. Location of sampling pofnts i n  
a 7-point g r i d .  
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The outer boundary of the contaminated arc0 is asswmed to be 
10 feet from the center (C) of the spill site, 

Figure 3. Locatfon of sampling pofnts in a 19-point g r i d .  
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The outer boundary of the contaminated area is assumed to be 
20 feet from the canter (C) of tho spill rite, 

Figure 4. Location of sampling points i n  a 37-point g r i d .  - 
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-hexagonal designs ape shown in figures 2 t o  4, f o r  
a sampling c i r c l e  o f  r-= 10-ft. The ‘choice of sample size depends on 
the cost o f  analyz h sample and the rel iabil i ty of detection desired 
f o r  various residu ntaminated areas. Subsection 2 below provides some 
suggested sample slzes for different spi l l  areas, based on the distribution 
of spill  areas provided by the Utility Solid IEdaste Activities Group (USWAG 
1984; Lingle 1985). 

2, Sample Size and Desiqn Layout i n  the Field 

a- Sample Size 

The distribution o f  cleanup areas f o r  PCFl capacitor spill  
s i t e s ,  based on data collected by USWAG (1984; &.ingle 1985) i s  shown i n  Tab e 
3. 
1,700 f t 2 .  The median cleanup area i s  100 ft, the mean 249 ft2;  tbe wide d s- 
crepancy between the mean and the median reflects the presence of a small per- 
centage of relatively large spi l ls  in the database. 

The smallest, spil l  recorded in the USNAG database i s  5 ft2, the largest 

- 
i 

Recommended sample sizes are given in  Jable 4. 
siderations were involved :in\>arrivP’ng a t  these recommendations. 
maximum number of-samples recommended for the largest spi l ls  is  37,  in recog- 
ni t ion o f  practi 
Even so, i t  is important to  note that not. a11 samples collected will need t o  
be ahalyzed. The calculations i n  Section 5 below show t h a t ,  even for the 37 
sample case, no more than 8 analyses will usually be required t o  reach a de- 
cision. Since the cost of chemical analyses i s  a substantial component o f  
sampling and analysis costs, even the  37-sample case should not, therefore, 
be prohibitively expensive. Second, the typjcal spill  will require 19 sam- 
ples. Small s p i l l s ,  w i t h  sampling radius no greater than 4 f t ,  will have 7 
samples, while the largest spi l l s ,  with sampling radius 11.3 f t  and up, will 
require 37 samples. 
sented in fable 3. 
generally smaller than capacitor spil ls  because energetic releases are less 
likely from transformers. 
be relatively more likely for transformer spil ls  t h a n  capacitor spil ls .  

Several con- 
First ,  the 

Constraints on the number o f  samples that can be taken. 

I t  should be noted t h a t  only capacitor spil ls  are repre- 

Thus, one would expect the smaller sample sizes to 

Transformer sp i l l s ,  however, would be expected t o  be 



c 
c 

I 50 32.5 

102-200 15.0 
201-300 12.5 

51-100 la. a 

30 1-400 3.8 
401-700 7.5 

Table 4. Recommended Sample S-izes 

7 5 4  32.5 S 50 

50.0 19 

17.5 37 

51-400 4-11.3 

> 11.3 400 

P - 
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The final consideration in recommending sample sizes was to 
achieve roughly comparable detection capability for different size spills. 
The radius of the smallest contaminated circle certain to be sampled at least 
once by the sampling scheme is used for comparative purposes (see Table 2). 
Table 5 presents some calculations of this quantity. The absolute detection 
capability of the sampling-scheme i s  seen to  be relatively constant for dif- 
ferent spill sizes. This means that a given area o f  residual contamination 
is about as likely to be detected in any sized spill- 

Table 5. Detection Capability of the Recommended Sampling Schemes 

Samplin area Rad; us Sample Radius of smallest circle to 
(ft4 (ft> size be sabpled (ft) 

50 4.0 7 

150 6.9 19 1*9 

400 11.3 19 a. 2 

875 16-7 37 3.2 

b. 

Figure 5 presents a typical illustration of design layout in 

Design Layout in the Field 

the field. %Re first step is to determine the boundaries of  the original 
cleanup area (from records o f  the cleanup). 
of the sampling circle which is t o  be drawn surrounding the cleanup area. 
The following approach is recommended: 

Next, find the center and radius 

(a> Draw the longest dimension, L I S  of the 

(b) Determine the mjdpoint, P ,  of Ll. 

(c) Draw a second dimension, LPs through P 
L l -  

(d) 

(e) 

The ma’dpoint, C,  of L2 is~the required 

The distance from C t o  the extremes of 
radius, r. 

spill area. 

perpendicular to 

center. 

L1 i s  the required 
L -1 

- - I  Figure 5 shows an example of the procedure; Figure 6 demonstrates 6ow the center 
is determined fo r  several spill shapes. 
slightly off, the sampling design will not be adversely affected. 

Even if the center determined is 

5 ‘1.8 



I 
9 Original cleanup area 

- -  
(b) bcating the center of the 

sampling circle 

(c) Centering the hexagonal grid 

+ac Q 

0 0 

\ / 
V 

12 11 10 

( d )  Staking out the grid points 

0- 0 0 

t 



Once the sampling radius, r o  has been found, the sample size 
can be selected based on Table 4. 

Example: 
should be used, 

Suppose r = 5 ft. from 'Table 4 ,  a sample size of 19 

Having selected the sample size,  the g r i d  spacing can be calculated from Table 
2. .. 

Exampl? (continued): 
the  g r a d  spacing is s = 0.48r = (0.48)(5) = 2.4 ft, 

Fo r  a 19-point design with radius P = 5,  

The procedure f o r  laying out  a 19 p o i n t  design i s  as follows, 
The f i r s t  sampling location i s  the center C of the sampling c i rc le ,  as shown 
in Figure 5. 

- through 5 O R  i t  as shown; adjacent locations are a distance s apart, 
orientation o f  the  diameter (for example east-west) used is not important; i t  
may be chosen a t  random or  for the convenience of the samplers. 
locations, Nos. 6-9, are laid out  parallel t o  the f i r s t  row, again a distance 
s apart. 

I this row. 
veyor's chain, o r  equivalent measuring device) -of length s. Attach one piece 
o f  rope t o  the stake a t  each location 4 and 5. 
until they touch a t  location 6, 
and final row of  3 locations i n  the top half of the design i s  found'sirnilarly, 
starting with number 10. 
staked o u t ,  
fashion, 

Next,- draw a diameter through C and stake o u t  locations 2 
The 

- 
"s The next 4 

The only difficulty i s  i n  locating the starting point, No, 6 ,  for 
To accomplish this the sampler needs two pieces of ' rop6 (or sur- 

Qnce the second row i s  'laid out, the t h i r d  

In the same way, the bottom half o f  the design i s  

Draw the ropes taut horizontally 

The 7-point or 37-point designs are laid out. in an analogous 

Once the sampling locations are staked out the actual samples 
can be collected. 
fa17 outside the original cleanup area, 
points, t o  detect  contamination beyond the original cleanup boundaries. 
veri f i es t h a t  the  original spi 1 1 boundaries were accurately assessed, 

In the example i n  Figure 5, three o f  the sampl-fhg locations 
Samples should be taken a t  these 

This 

In practice, various obstacles may be encountered in laying 
o u t  the sampling grid. Many "obstacles" can be handled by taking a different 
type of sample, e .g , ,  i f  a f i r e  hydrant i s  located a t  a p o i n t  in a sampling 
grid otherwise consisting of soil samples, then a wipe sample should be taken 
a t  the hydrant, rather t h a n  taking a sample of nearby soi l ,  
likely t o  be encountered i s  a vertical surface such as a wall. 
the  sampling location on such a surface, draw taut the ropes (chains) of 
length s attached t o  two nearby stakes and f i n d  the point  on the vertical 
surface where their common ends touch. 
the procedure. I f  more samples from the vertical surface are- cal led- f o r ,  the 
same principle may be applied, always using the last  two points located t o  

The obstacle most 
To determine 

See Figure 7 f o r  an illustration of 

f ind the next one. .t . .  
m. 

- -- 3. Judgemental Sampling 

Judgement t o  eo1 1 ect The inspector o r  samplih use 
- .  samples wherever residual PC8-cont is' s ted. These samples are -~ - .  
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------ 
Figure 7 .  Location of a sampling rPoint on a vertjca’l surface. 
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in addition t o  those collected from t h e  sampling g r i d .  Examples o f  extra Sam- 
~ 2 ,v $ - -  piing points include suspicious stains outside the designated spill  area, 

cracks o r  crevices, and any other area where the inspector suspects inade- - -  . r  - . .  . *  

quate cleanup- 

4. 

Once the samples have been collected a t  a s i t e ,  the goal of the 
analysis effort i s  t o  determine whether a t  l e a s t  one sample has a PCB concen- 
tration above the allowable limit. 
area will be recleaned if a single sample contaminated above the limit is 
found. 
contaminated o r  even exactly how many. 
can be substantially reduced by employing corn ositin 

If  the PC8 level i n  the composite i s  sufficiently h i  h, one can conclude t h a t  

samples are clean, For intermediate levels, the samples from which the cam- 
posite was constructed must be analyzed individually t o  make a determination. 
Thus, the number of analyses needed i s  greatly reduced i n  the presence o f  
very high levels o f  contamination i n  a few samples o r  i n  the presence of very 
low levels i n  most samples. 

PCB concentration i n  a single soil sample i s  10 ppm. The calculations can 
easily be adapted for a different level o r  for different types of  samples. 
Based on review of the available precision. and accuracy data (Erickson 1985), 
method performance of 80% accuracy and 30% relative standard deviation should 
be attainable for  soil  concentrations above 1 ppm. 

To protect against false positive findings due t o  analytical error,  
t h e  measured PCE level i n  a single sample must exceed some cutoff greater than - 
l0.ppm f o r  a finding o f  contamination, Assume that a 0.5% false positive rate 
for a single sample i s  desired. 
false positive rate controls the overall false positive rate of the sampling 
schemes to  acceptable levels. 
the c u t o f f  level f o r  a single sample is  

Compositing Strategy f o r  Analysis of Samples 

This sampling plan assumes the entire spil l  

This means that the cost of analysis 
Thus, i t  i s  not  important t o  determine precisely which samples are 

strategies, i n  w h i c h  
groups of samples are thoroughly mixed and --f--9 eva uated i n  a single analysis, 

a contaminated sample i s  present; i f  the level i s  - f- ow enough, a l l  fndividual 
- - 

.. 

For purposes of  this discussion, assume that the maximum allowable 

. 

As will be shown later ,  this single sample 

Then, using standard statist ical-  techniques, 7 

(O.€I)(lO) + (2-576)(0.3)(0.8>(lO> = 14.2 ppm, 

where 0.8(80%) represents the accuracy o f  the analytical method, 10 ppm i s  
the allowable limit for a single sample, 2.576 i s  a coefficient from the stan- 
dard normal distribution, and 0.3(30%) i s  the relative standard deviation o f  
the analytical method :. Thus, i f  the measurec' l eve l  i n  a'single sample i s  
14.2 ppm o r  greater, one can be 99.5% sure that  the true level i s  10 ppm o r  
greater - 

Now suppose t h a t  a composite of, say, 7 samples i s  analyzed. The 
true PCB level in the composite (assuming perfect mixing) i s  simplylthe aver--' 
age of the 7 levels o f  the individual  samples. 
level in the composite. 

- 

*-e Let X pprn be the measured PCB 
I f  X 5 (14.2/7) = 2.0 ,  t h e n  a l l  7 individual samples 



are rated clean. 
above the 10 ppm limit. If 2.0 c X 5 1 4 . 2 ,  no conclusion is possible based 
on analysis of the composite and the 7 samples must be analyzed individually 
to reach a decision. These results may be generalized to a composite of any 
arbitrary number of samples, subject to the limitations noted below. 

If X > 14.2 ,  then at least one individual sample must be 

The applicability of cornpositing is potentially limited by the size 
o f  [he individual specimens and by the performance of the analytical method 
at 'ow FZS levels. First, the individual specimens must be large enough so 
that the composite can be formed while leaving enough material for individual 
analyses if needed. 
men sizes should not be a problem. The second limiting-factor is the analyt- 
ical method. 
methods should not degrade markedly. 
level i s  1Q ppm, no more than about 10 specimens should be composited at a 
time., - 

FOP verification of PCB spill cleanup, adequacy of speci- 

Therefore, since the assumed permissible 
Dawn to about 1 ppm, the performance of the stipulated analytical 

- - 
In compositing specimens, the location of the sampling points to be 

grouped should be taken into account. i f  a substantial residual area of con- 
tamination is present, then contaminated samples will be found close together. 
Thus, contiguous specimens should be composited, i f  feasible, in order to 
maximize the potential reduction in the number of analyses produced by the 
cornpositing strategy- Rather than describe a (very complicated) algorithm 
for choosing specimens to composite, we have graphically indicated some possi- 
bie compositing strategies in Figures 8 Through 11. Based on the error.proba- 
bil i ty calculations presented in Section 4 below, we recommend the compositing 
strategies indicated in Table 6. 
design requires no explanation, The strategies for  the 19- and 37-point cases 
are shown in Figures 9 and 11, respectively. The strategies shown in Figures 
8 and 10 are used in Section 5 for comparison purposes. 
reduction in number of analyses expected to  result (as compared to individual 
analyses), see the next Section, 5, 

The recommended strategy for the 7-point '. 

For details on the 

5. Calculations of Average Number of Analyses, and Error Probabil- 
ities 

Estimates of expected number of analyses and probabilities o f  false 
osi tives (incorrectly deciding the site i s  contaminated above the l i m i t r -  

:nd false negatives (failure to detect residual contamination) were obtained 
f o r  -0s. 
tion using 5,000 trials for each combination of sample size, compositing 
strategy, level, and extent of residual contamination, 
based on the following- assumptions: 

The calculations were performed by Monte Carlo simula- 

The computations were 

a, Only soil samples are invol-ved. . I n  practice other types 
of samples wi 11 often be ..obtained''-g;ld analyzed. 
section are not directly applicable to such cases, they do indicate-in gen- .. 
era1 terms the type of accuracy obtainable and the potential cost Qvings from 
composi ting. 

A1 though the results of this 

-D 
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A 2 GROUP COMPOSlTING PIAN FOR 7 SAMPLE POINTS 

X 

Figure a 

A 2 GROUP COi&OSITlNG PIAN FOR 19 SAMPLE 

Y 

a 

POINTS 

* 
. .* 

. .._. - 
-. ... 

Figure 9 



A 6 GROUP COMPOSITING PLAN FOR 19 SAMPLE POINTS 

I 

X 

Figure 10, Location of sample points in a 19 sample point plan, 
with detai l  o f  a 2 group cornpositing design. 
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A 4 GROUP COMPOSITING PLAN FOR 37 SAMPLE POINTS 

Fiqure '11. Location of samole ooints  i n  37 sample ooint nlan, 
w i t h  deta i l  of a 4 grouD cornnositing desiqn. 
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. .. 

No. o f  samples collected Cornpositing strategy 

7 - One group of 7 

19 

37 

One group o f  16, one of 9 

Three groups of 9,  one of 10 

b. I f  the true PCB level i n  a sample is C, then the measured 
value is a normally distributed random variable with mean 8,8C and standard 
deviation (0.3)(0.8C) = 0.24C. Thus, it is assumed that t h e  analyLica1 method 
is 80% accurate, with 30% relative standard deviation. - - 

The maximum ailowable level in a single sample is 10 ppm. 

nce. As previously discussed, this corresponds to a 
level for a single sample must exceed 14.2 ppm for a 

sitive rate o f  0.5%. 

d, The residual.contamination present i s  modeled as a randomly 
placed circle of variable radius and contamination level- The PCB level i s  
assumed to  be uniform within the randomly-placed circle and zero outside i t .  

result is obtained on a single analysis. I f  a composite does not give a de- 
finitive result (positive o r  negative), the individual specimens from which 
the composite was formed are analyzed in sequence before any other composite. 

e. Analysis of samples is terminated as soon as a positive 

f .  The compositing strategies used are shown in Figures 8 and, 
11. 

m. .. . .  
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The results of the computations are shown in Tables 7 through 20. 
Tables 7 through 32 show .the performance the cornpositing strategies recom- g - !‘ 
mended in Section 3. For each strategy, there is a pair of tables- 
table ,shows the-probability o f  reporting a violation o f  a 10 ppm cleanup stan- 
dard, f o r  different levels of  residual contamination and percent of cleanup 
area-contaminated. When the contamination level is 10 ppm o r  less, the number 
i n  the table is the probability of a false positive, i.e*, a false finding of 
noncompliance. When 
the level -is above 10 ppm, the number in the table is the probability that a 
violation will be detected by the sampling design. 
ppm, and- for small percentages of cleanup area residually contaminated, the 
detection probability is low. When the level i s  high and the percent of area 
contaminated i‘s large, however, detection probability approaches 100%. for 
small areas with high contamination, detection capability is modest. This i s  
because there .is only a small chance- that th ntarninated area will be sam- 
pled. Similarly, detection capability odest for large arcas contam- 
inated: near the .lo ppm limit. r this is that, even though a 
number of contaminated samples wi*ll.”be found in such cases, the analytical 
method is not likely to give positive identification of levels near the 10 
ppm cutoff. 

The first :- ~ 

These probabilities are all very low, as they should be. 

For  levels close to 10 

_c_ 

- - 
This i s  the pri paid for reducing the single-sample false pos- 

The second table for each cornpositing strategy shows the expected 
(average) number of analyses needed to reach a decision. 
of .area contaminated, the srnallest2number of analyses is needed if the level 
of  contamination is very high or very low. 
analyses-are -needed+ 
large area contaminated at close to 10 ppm, In such a situation, the levels 
of the composite(s) will mostly lie i n  the intermediate range for which no 
conclusion is possible based on ana’lysis o f  the composite, Thus, individual 
analyses will  almost always be required, -50 that the advantage of cornpositing 

. i s  lost ,  

For a fixed percent 

For intermediate levels, more 
The largest number of analyses are required with a 

Tables 13 through 20 compare the recommended cornpositing strategies 
for the 7-point and 19-point designs t o  alternative cornpositing strategies 
for these designs, f o r  4 different contaminated percentages (l%* 9%, 25%, and 
49%). The comparison is based on the expected number of analyses required. 
Overall detection capabilities are  comparable for the different strategies. 
The tables show that  the recommended strategies are best, except for larger 
areas contaminated close to the 10 ppm level, 
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Table 7 .  ' Probability 
Cleanup Standard, f 

violation of  a 10 Bpm 
Point, 1 Composite Besign 

Level o f  residual 
PCB contamination Percent of cleanup area w i t h  residual PCB contamination 

. bPm> 1 4 9 16 25 49 

Compl i ant 8 c 0.001 0.001 c 0.001 
10 < 0.001 0,001 < 0.001 

Noncompliant 11 c 0.001 0.001 < 0.001 
12 c 0.001 0.001 0.001 
13 0.001 0.005 0.005 
14 0.003 0*010 0.019 
15 0.00 0.016 0.039 
.16 . 0.009 0.029 0.064 
18 0,019 0.074 0.137 
20 0.030 0.110 0.199 
25 0.048 0.186 0,342 
50 0.070 0.245 0.487 
75 0.071 0.245 0.496 
100 0.068 0.255 0.499 
150 0. 070 0.246 0 + 481 
200 0.073 0.254 6.489 
300 0.069 0.257 0.494 
500 0.070 0.242 . 0.492 

< 0.001. < 0.001 
< 0.001 0.002 

< 8.001 
0.002 
0.009 
0.028 
0.065 
0.102 
0.218 
0.335 
0.554 
0.767 
0.787 
0.800 
0.796 
'0.806 
0.79% 
0.811 

0.009 
0.017 
0.045 
O.O_SS 
0.134 
0.202 
0.344 
0.479 
0.736 
0.977 
0.992 
0.995 
0.998 
0.999 
0.999 
0.999 

< 0,001 
0.007 

Seven samples analyzed f i r s t  as a composite, then individually if necessary a 
t o  reach a decision. 

0.632 
0.092 
0.184 
0.298 
0.396 
0.517 
0.655 
0.787 
0.905 
0.989 
0.995 
0.997 
0.999 

~> 0.999 
0.999 
0.999 
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Table 8. Expected Number o f  ginalyses to  Decide Compliance o r  
Violation, for a -10 ppm'C1eanup. S t a n d p ,  for the 

7-Point ,' 1-Composite Design 

Level o f  residual 
PCB contamination Percent o f  cleanup area w i t h  residual PCB contamination 

16 25 49 1 4 9 (PPd 

Comp? iant 4 
6 
8 
10 

.Noncompliant . 11 
12 

i 13 14 
15 
16 
18 
20 
25 
50 
75 
100 
150 
200 
300 
500 

i 

1-00 
1-00 
1.00 
1-00 

1.01 
1.04 
1.04 
1-10 
1.13 
1.15 
1.19 
1.24 
1.26 
1.28 
1- 28 
1.21 
1.09 
1.03 
1.01 
1.00 

1.00 1-00 1.11 

1.03 1.75 4.96 

1-00 1.00 
1.00 1-00. 
1-00 1.00 
L O 1  1.02 

1.00 1.06 2.31 
1-00 1.44 3.96  

1.04 
1.08 
1.18 
1.32 
1.45 
1-52 
1.69' . 
1.85 
1.98 
1.96 
1.94 . 
1-79 
1.28 
1-11 
1-01 
1.00 

1.05 
1.17 
1.40 
1.63 
1.85 
2.03 
2.41 
2.57 
2.55 
I". L.3 

2.93 
2.53 
1.52 
1.15 
1.04 
1.01 

1.11 
1.32 
1.59 
2.02 
2.35 
2.67 
3.18 
3.59 

3.99 
3.98 
3.4s 
1.86 
1.34 
1.09 
1-02 

3. a4 

2-01 
2.2r 
2.56 
2-86 
3.22 
3.50 
3.95 

5.31 
5.39 
5.35 
5.18 
4.90 
4-71 
4.36 

4.19 4.04 ~ 

4.47 3.61 
4.45 2.96 
4.23 2.26 
3.54 1.87 ~ 

1.33 1.13 
1.06 1.03 

1.89 1.30 

1.02 : 1.01 

a Seven samples analyzed first as a composite, then individually if necessary 

t o  reach a decision, 
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Table 9- Probabl'lity of Declaring a Violat ion of a 10 p%m Cleanup 
Standard, f o r  the $9 Point,  2 Composite Qesign 

Level of  residual 
PCB contamination 

(PPd  

i 
i 

Compl i ant 8 C 0.001 C 0.001. < 0,001 < 0 . O Q l  C 0.001 0.001 
10 0.001 0,001 0.002 0.007 0,015 0.028 

Noncompliant 11 g 0.001 < 6.001 
12 0.001 0.002 
13 0.003 0.007 
14 0.005 0.021 
15 0.012 0.052 
16 0.025 0.083 
18 0,046 0.167 
20 0.077 0.263 
25 0.125 0.461 
50 0.161 0.631 
75 0.172 0,651 

3.00 0.168 0,642 
150 0.166 0.657 
200 0.175 0.648 
300 0.168 0.654 
50Q 0.180 0.661 

0.007 0.034 
0. 029 0,084 
0.062 0.179 
0.114 0.304 
0.178 0.407 
0.264 0.518 
0.421 0.698 
0.556 0- 812 
0.784 0.923 
0.978 0.992 
0.993 0.997 
0.994 0.999 
0.998 0.999 
0.999 0.999 
0.999 ) 0.999 
0.999 > 0.999 

0.058 
0,153 
0.304 
0.455 
0.606 
0.744 
0.883 
0.945 
0.990 
0,999 

> 0.999 
0.999 

> 0.999 
> 0.999 
> 0.999 

0,999 

0.019 
0.281 
0.497 
0.693 
0.832 
0.908 
0.978 
0.993 
0.999 

> 0.999 
> 0.999 
> 0.999 

0.999 
'> 0.999 
> 0.999 
> 0.999 

"Nineteen samples analyzed f irst  as two composites, then individually if 
necessary to reach a decision. 

P 
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Table 10. Expected Number o f  Analyses to Decide Compliance o r  
-Violation, for a 10 ppm Cleanup Standagd, for the. 

19-Point, 2-Composite Design 

Level of residual 
PCB contamination 

(PPm) 
. Percent. of cleanup area with residual PCB contamination 

1 4 9 16 25 49 

2.18 3.30 7.49 
3.79 6.70 11.22 

4 2-00 2.00 2.00 
2.00 2.00 2.00 

8 2.00 2.00 3.01 

Compliant 
6 

6.15 9.20 13.18 
7.46 10.55 14.02 10 2.01 2.03 3.72 

Noncompliant 11 
12 
13 
14 
15 
16 
18 
20 
25 
50 
75 
100 
150 
200 
300 
500 

2.03 
2.10 
2.21 
2.25 
2.37 
2.49 
2.60 

2.82 
2.80 
2.80 
2’. 77 
2.53 
2.21 
1.99 
1.92 

2-68 

2.14 
2.32 
2.74. 
3.02 
3.40 

4.36 
4.65 
5.02 
5.03 
5.05 
4.95 
3.94 
2.67 
1.89 
1.69 

3. a4 

4.07 
4.57 
4.84 
5.16 . 
5.50 
5.89 
6.11. 
6.26 
6.20 
5.96 
5.69 
5.37 
3.99 
2.61 
1.70 
1.48 

7.90 
8.08 
7.94 
7.90 
7.65 
7.30 
6.57 
6.18 
5.45 
4.-70 
3.68 
3.46 
2.59 
1.91 
1.50 
1.39 

10.74 13.81 
10 - 63. 12.78 

9.31 9.27 
8.42 7.80 
7.59 6.63 

5.48 4.25 
4.57 3.36 ’ 

3.49 2.28 
2- 63 1.84 
2.26 1.69 
1.80 1.46 
1.55 1.33 
1.34 1.19 
1.30 1.16 

9.95 11.00 

6.29 . 5-02 

a Nineteen samples analyzed first as two composites, then individually if 
necessary to reach a decision. 
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Table 11. Probability o f  Declaring a Violation of a 10 [prn Cleanup 
Standard, .for the 37 Point;4 Composite Oesign 

Level o f  residual 
PCt3 contarni nation Percent of cleanup area with residual Pt8 contamination 

( P P d  1 4 9 16 25 49 

Compl i ant 8 < 0.001 < 0.001 c 0.001 < 0.001 < 0,001 < 8.001 
10 o.ooa 0.002 0.010 0.022 0.031 0.060 

blonrompl iant. 11 
12 
13 
14 - - 15 
16 
f8 
20 

75 
100 
150 
200 
300 
500 

0.001 
0.001 
0.005 
0.012 
0.023 
0,039 
0.091 
0.147 
0.249 
0.340 
0.343 
0.353 
0.339 
0.357 
0.344 
0.348 

6.008 0.041' 0.084 
0.024 0.103 0.217 
0.0S3 0.224 0.388 
0.094 0.360 0.57s 
0.159 0.501 0.740 
0.242 0.621 0.831 
0.390 0.785 0.940 
0.542 0. at34 0.981 
0.771 0.958 0.995 
0.976 0. 997 0.999 
0.991 0.999 0.999 
0.993 0.999 > 0.999 
0.997 > 0.999 > 0.999 
0.996 > 0.999 : 0.999 
0.997. > 0.999 b 0.999 
0,999 0.999 0.999 

0.124 
0.305 
0.536 0.726 

0,859 
0.936 
0.985 
0.996 
0.999 
0.999 

> 0.999 
> 0.999 
> 0.999 

0.999 
> 0.999 
> 0,999 

0.225 
0.488 
0.751 
0.908 
Q. 950 
0.991. 

a 0.999 
0.999 
0,999 
0.999 

> 0.999 
0.999 

.> 0,999 
). 0.999 

0.999 
0.999 

e a  Thirty-seven samples analyzed f i r s t  as four  composites, then individually i f  
necessary to reach a decision. 

L 
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Table 12. Expected Number of Analyses to Decide Compliance or 
Violation,,-for a 10 ppm Cleanup Standagd, for the 

I ,37-Point, 4-Composite Design 

Percent of cleanup area with residual PCB contamination 
Level of  residual 
PCB contamination 

9 16 25 49 (PPm) 1 4 

6.72 9.85 15.69 
10.22 13.48 19.36 
12.76 15.98 22.08 

10-56 14.29 17.18 23.04 

4-00 4.01 4.41 

8 4.00 4.77 9.01 

Compliant 4 
4.00 4.15 6.66 6 

10 4.02 5.36 

. Noncompliant 11 
i 12 
4 13 

14 
15 
16 
18 
20 
25 
SO 
75 
100 
150 
200 
300 
500 

4.07 
. 4+-18 
4.35 
4.57 
4..73 
4.90 
5.09 
5.26 
5.34 
5.27 
5.23 
5.22 
4.55 
3.95 
3.59 
3.49 

5.69 
5.97 
6.28 
6.70 
7.04 
7.33 
7.59 
7.74 
7.55 
7.14 
6.84 
6.43 
4.89 
3..57 
2.67 
2.48 

10.87 
10.94 
10.56 
10.21 
9.60 
9.08 
8.02 
7.28 
6.53 
5.39 
4.31 
3.73 
3.02 
2.53 
2.28 
2.22 

14.29 
13.74 
12.74 
11.21 
9.71 
8.77 
7.05 
6.26 
5.28 
3.78 
3.04 
2.64 
2.37 
2.15 
2.04 
1.99 

16.93 
15.68 
13.44 
11.13 
9,33 
7.83 
6.16 
5.30 
4.37 
3.06 
2.55 
2.32 
2.07 
1-90 
1.81 
1.79 

21.28 
17.84 
13.54 
10.10 
7.78 
6.12 
4.71 
3.96 

2- 16 
1-90 
1.73 
1.57 
1.52 
1.44 
1.44 

3. oa 

aThirty-seven samples analyzed first as four composites, then individually i f  
necessary to reach a decision. 
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Table 13. Comparison of Expected Number of Analyses for  Riffererat 
Cornpositing Strategies.for the 7-Point Design, When an Area 1% 

of the Size of the Cleanup Site Remains Contaminated 

8 1 - 0 0  2.00 7.00 
10 a. 00 2.00 7.00 

i 
c 

NQ~CODI~ I-iant 12 
14 
16 
20 
25 
50 

100 
200 
500 

LO4 
1.10 
1.15 
1.24 
1.26 

1.21 
1.03 
1.00 

1-28 

2.02 
2.05 
2.07 
2.10 
2.17. 
2 - 0 9  
1 .98  
1.96 
1.96 

6- 98 
6.96 

-6.92 

6.84 
6.80 
6.78 
6.80 
6.81 

6. a8 

Table 14. Comparison of Expected Number o f  Analyses for Oifferent 
Cornpositing Strategies for the 7-Point Design, When an Area 9% 

of the Size of the Cleanup Site Remains Contaminated 

2 Composites Individual ly contamination (ppm) P Composite 

4 1.00 " 2.00 7-00 
8 1.00 2 - 0 0  7.00 

10 1.02 2.01 6-99 

14 1.63 
16 2.03 

25 2.85 

Compliant 

12 1.19 2.09 6.91 

2.93 2.60 5.45 

a ,  15 1.72 5.45 
1-03. 1.17 5,45 

Noncomp 1 i ant 
2.32 6.69 
2.50 6.49 
2.77 6. OS 
2.79 5.65 

2.53 1.85 5.46 

20 2.57 

50 -- 
100 
200 
500 

s 
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-Table 15. Comparison o f  Expected Number o f  Analyses for Different 
* Compositing Strategies-for the 7-Point Design, When an Area 25% 

of the Size of the Cleanup Site Remains Contaminated 

Level _of residual PCB 

contamination (ppm) 1 Composite 2 Composites Individual Iv 

Compliant 4 
8 

10 

Noncompliant 12 
14 
16 
20 
25 
50 

100 
200 
500 

1.00 
1.44 
1.71 

2.21 
2.86 
3.50 
4.19 
4.47 
4.45 
3.54 
1.33 
1.02 

2.00 
2.13 
2.24 

2.44 
2.84 
3.23 
3.54 
3.56 
2.97 
1.61 
1.38 
1.37 

7.00 
7.00 
6.98 

6 .  ai 
6.29 
5.64 
c 68 
4.12 
3.58 
3.51 
3.50 
3.50 

Table 16. Comparison of Expected Number of Analyses for Different 
Compositing Strategies for the 7-Point Design, When an Area 49% 

of the Size of the Cleanup Site Remains Contaminated 

Level of residual PCB 

contamination (ppm) L Composite 2 Composites Individually 

4 1.11 2.02 7.00 
a 3.96 2.99 7.00 

Compliant 

10 4.96 3.50 6.96 

u . .  

a. .. ..,. 

. . .~ .- .. .. . .. . . 
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Table 17. , Comparison of Expected Number o? .Analyses for  Different ., - .Compositing' Strategies for the -19-Poin 
of the Size of the Cleanup Site R 

Design, When an Area 1% 
sins Contmfnatgd 

Level of residual PCB 

contamination (ppm) 2 Composites 6 Composites Individual iy 

Comp 1 i ant 4 2.00 6.00 19.00 
8 2-00 6.00 19.00 

10 2.01 6.00 19.00 

Noncampl iant 12 
14 
16 
20 
25 
50 

100 
200 
500 

2-10 
2.25 
2.49 
2.68 
2.82 
2.80 
2.77 
2.21 
1.92 

6.03 
6.07 
6. I1 
6.07 
6-01  
5.80 
5.56 
5.53 
5.57 

18.93 
18. ?4 
18.46 
I$. 06 
17.75 
17.49 
17.46 
17.46 
17.46 

Table 18- Comparison of Expected Number of Analyses for Different 
Compositing Strategies fo r  the 19-Point Design, When an Area 9% 

of the Size of the Cleanup Site Remains Contaminated 

Level of residual PCB 

contamination (ppm) 2 Composites 6 Composl'tes Individually 
- 

4 2.00 6.00 19.00 
8 3.01 6-19  19.00 

Cpmp 1 i a n t  

PO 3.72 6.32 18.96 

Noncompliant 12 
14 
16 
20 
25 
50 ~" 

100 
200 
500 

4.57 
5.16 
5.89 
6.26 
6.20 
5.96 
5.37 
2.61 
1.48 

6.54 
6.74 
6.83 
6.33 
5.74 
4.45 
3.34 
3.17 
3.17 

18-40 
16.90 
14.86 
11. e9 
PO. 22 
8.94 
8.64 
8.63 
8.62 

. 
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m-: - f  1 
-- 
e- .- Expected Number of Analyses f o r  Different 

or fhe 19-Point Design, When an-Area 25% --L ' 
Cleanup Site Remains .Contaminated 

Level of residual PCB 
contamination (ppm) 2 Composites 6 Composites Individual ly 

Compliant 4 3.30 
8 9-20  

10 10.55 

Noncompliant 12 
14. 
16 
20 

c 
i 

25 
50 . 

100 
200 
500 

10.67 
9.31 
7.59 
5.48 
4.57 
3.48 
2.26 
1.55 
1.30 

6.07 
7.73 
8.44 

8.47 
7.67 
6.57 
5.09 
4.24 
3.22 
2.51 
2.41 
2.43 . 

19.00 
19-00 
18.83 

17.31 
13.72 
10.58 
"6.25 
4.35 
3.34 
3.29 
3.26 
3.23 

Table 20. 
Composi 

0 

Comparison of Expected Number of Analyses for Different 
gies for the 19-Point Design, When an Area 49% 
of the Cleanup Site Remains Contaminated 

Level of residual PCB 
contamination (ppm) 2 Composites 6 Composites Individually 

4 7.49 
a 13.18 
10 14.02 

Compl i ant 

Noncompliant 12 
14 
16 
20 
25 
50 

100 
200 
500 

12.78 
9.27 
6.63 
4.25 
3.36 
2.28 
1.69 
1.33 
1.16 

6.28 
9.85 

10.84 

10.10 
7.78 

3.92 
3.23 
2.46 
1.85 
1.79 
1.78 

5. a7 

19-00 
.: 19-00 

18.73 

16.15 
11.34 

7.14 
3.74 
2.61 
2 - 1 0  
2.06 
2.04 
2.02 . 

- _ I  
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TRe major conclusions that cam be drawn from these results are as 
follows. First, the proposed cutoff on the measured PCB level for a finding 
of noncompliance for a single sample, 14.2 ppm, is successful in controlling 
the overall false positive rate of the sampling scheme. for example, when an 
area half the size of the entire site remains contaminated just at the allow- 
able limit of 10 ppm, the false positive rate is 1% for the 7-point design, 
3% for the 19-point design, and 6% for the 37-point design. Notes that the 
overall false-positive rate is highest for contamination just at the allow- 
able limit. Second, the detection capabilities of the.design appear satis- 
factory, bearing in mind the difficulty of detecting randomly-located contam- 
ination by any sampling scheme without exhaustive sampling, As an example, 
the proposed 19-point design can detect 50 ppm csn.tamination present in 9% o f  
the cleanup area with 98% probability. Similarly, the 19-point design can 
detect 20 ppm contamination present in 25% o f  the area with 95% probability. 
Third, the proposed cornpositing strategies are quite effective in reducing 
the number of analyses needed to reach a decisl'on i n  all cases except those 
involving large areas contaminated near the cutoff of 10 ppm- For example, 
for contaminated levels of 25 ppm or greater, the expected number of analyses 
to reach a decision never exceeds 5 for the 7-point design, or 7 for the 19- 
point design, or 8 for the 37-point design. 
needed in cases of  contamination close'to the allowable limit of 10 ppm, up 
to 23 for the 37-point design when 49% o f  the area is contaminated at 18 ppm. 

- - 
target number of analyses are 

_ .  

E. Sampling Techniques 

The types of media to be sampled will include soil, water, vegeta- 
tion and sol id surfaces (concrete, asphalt, wood, etc.). 
methods are described below. 
able (Mason 1982, USWAG 1984). 

General sampling 
Additional sampling 'guidance documents are ava'i 1- 

1, Solids Sampling 

When soil, sand, or sediment samples are t o  be taken, a surface 
scrape samples s h o u l d  be collected. 
to mark the area t o  be sampled, the surface should be scraped t o  a depth of 
P cm with a stainless steel trowel o r  similar implement. This should yield 
at least 100 g soil. 
sample deeper. Use a disposable template or  thoroughly clean the template 
between samples to prevent contamination o f  subsequent samples. The sample 
should be scraped directly into a precleaned glass bottle. If it is free- 
flowing, the sample should be thoroughly homogenized by tumbling. If not, 
successive subdivision in a stainless steel bowl should be used to create a 
representative subsample, 

In some cases, such as sod, scrape samples may not be appropriate. 
For these cases, core samples, not more than 5 cm deep, should be taken using 
a soil coring device. 
stainless steel bowl by successive su ion, A portion o f  eat$sample . . 
should then be removed, weighed and a 

Using a 10 em x 10 cm (100 cmz) template 

If more sample is required, expand the area but do not 

.~ 

These core samples should be well-homogenized in a 

- - *  

Samples should be stored in t at 4OC in precleaned glass 

ained, Before co1 IeCtiOn O f  

bottles, I f  samples'are to:be analyz ,~ the storage -requirements may 
be relaxed as long as sample 'integri 
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on.oil were spilled, they will 

run  i n t o  it. The b o t t l  
-under the surface so t h  

i - 
r heavier-than-water 
r the bottom should be 
hould be lowered t o  the 

easible, other dippers, 
er. the water to t h e  sample 

The sampling system should be o f  stainless s teel ,  Teflon, o r  other 
Before collection of Sam- 
Id blank as described in 

bottle- 
inert, impervious, and noncontaminating material. 
ples, this equipment must be used t o  generate a 
Section IV. E.' 

d. Sample Preservation .F.7 

_ _  
The bottle i s  then l i f ted out  o f  the water, capped with a PTFE- 

or foil-lined l i d ,  identified w i t h  a Sam 
4OC (USEPA4984a) u n t i l  analysis t o  reta 
t o  be. analyzed -.quit 

mber, and stored a t  approximately 
terial  growth. i f  samples are 
t s  may be relaxed as long as 

h. and impervious (e.g. , 
ould  indicaterwhether 

hexane) t o  a piece o f  
c- -  aces shdcld be Samz- 

Iti smear tabs, o r  
gauze pad - is  f he1 d 
hly; swab <a  S10Oacm2 

I . .. ::., " .  . . .  
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L 

Care must be taken t o  assure proper use: of a sampling template. 
Different templates may be used for the variously shapkd areas which must be 
sampled. A 100 cmz ‘area may be a 10 cm x 10 cm square,>a rectangle (e .g. ,  
b cm x 100 em o r . 5  cm x 20 cm), o r  any .other shape. The ‘use of a template 
ass i s t s  the sampler i n  the col lect ion of a 100 cm2 sample and i n  the selec- 
t i o n  o f  represen.tative sampling s i t e s . .  When a template i s  used i t  must be 
thoroughly cleaned between samples t o  prevent contamination o f  subsequent 
samples by the template-’ 

The wipe samples s h o u l d  be stored in precleaned glass j a r s  a t  
4OC. 
gauze pad and solvent should be used to generate a f i e l d  blank as described 
i n  Section 1V.E- 

Before collection of verification samples, the selected f i l t e r  paper or  

b ,  Sampling Porous Surfaces 

Wipe sampling i s  inappropriate f o r  surfaces which are porous 
and would absorb PCBs. These include wood and asphalt. Where possible, a 
discrete object  (e.g. ,  a paving b r i c k )  may be removed, Otherwise, ch ise l s ,  
d r i l l s ,  saws, e t c . ,  may be used t o  remove a suff ic ient  sample for analysis. 
Samples less than 7. cm deep QR the surface most l ikely  t o  be centaminated with 
PCBs should be collected. 

- 

4. Veqetation Sampl i ng 

The sample design or  visual inspection may indicate that samp’les of 
In this  case ,  vegetation (such as leaves, bushes, and flowers) are required.. 

samples may be taken w i t h  pruning shears, a saw, o r  other suitable tool and 
placed i n  a precleaned g lass  bot t le ,  

c; Analytical Techniques 

A number of analytical techniques have been used f o r  analysis o f  
PCBs in the types o f  samples w h i c h  may be associated with PCB spi l l s .  
o f  the candidate analytical methods are l i s ted  i n  Table 21. The analysis 
method(s) most appropriate f o r  a given s p i l l  will  depend upon a number o f  
factors. 
potential interferents,  ultimate use o f  the data, experience of the analyst,  
avai labi l i ty  o f  laboratory equipment, and number o f  samples t o  be analyzed. 

Some 

These include sensi t ivi ty  required, precision and accuracy required, 

As shown i n  Table 21 ,  many analytical methods are available. 

1, Gas Chromatography (Gel 

The 
general analytical techniques are discussed and then compared below. 

As can be seen I”n Table 21, analysis of PCBs by gas chromatography 
i s  frequently the method o f  choice. 
packed or capi 
tors o r  mass s 
transformer f l u i d  and waste o i l s  was developed by Bel lar  and Lichtenberg 
(1982). This method describes s i x  different cleanup technique 

detectors;  and suggests procedutes fo GC calibration 
o f  *@recision and accuracy. T h i s  meth also -discusse 

culation methods. 

PCBs are chromatographed using,ei ther 
columns and may be detected using e i ther  speci<QTc d e t e r - .  

ometry. A comprehensive method for analysis of PCBS 
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a. Gas Chromatograph/Electron Capture Detection 1 B 
7 

Packed column gas chromatography with electron capture detec- 
l ly  the method of choice for analysis o f  spill s i t e  
ls, and other similar matrices w h j c h  must be analyzed 

tive against hydrocarbon background, and relatively 

tion (GCIECD) i s  ge 
samples, transforme 
f o r  PCB content pri o disposal (Copland and Gohmann 1982). GC/ECD i s  very . 
sensitive, highly s 
inexpensive t o  operate. 
due resembles an Arocloe (Arociom i s  a registered trademark o f  Monsanto 
Company; the trademark designation i s  n o t  used throughout this report) stan- 
dard and other halogenated compounds do-not interfere. 

While i t  i s  considered a selective detector, ECO also detects 
non-PCB eompounds?such as ha1 ogenated pesticides polychlorinated naphtha1 - 
enes, chloroaromatics, phthalate and adipate esters, and other compounds. 
These compounds may be differentiated from PCBs only by chromatpgraphic re- 
tention time. Elemental sulfur can interfere w i t h  PCB analysi 
and other samples which  have been subjected to  anaerobic degra 
tions. There are also common interferences which do not give discrete peaks. 
An example.,of a nonspecific interference is mineral o i l  (ASTM 1983). Mineral 
o i l ,  a complex mixture o f  hydrocarbons, can cause a general suppression o f  
ECD response.& Mineral o i l s  from transformers of ten contain PCBs as a result 
o f  cross-cointamination o f  trarrsfo 

A major disadvanta 

The technique i s  most appropriate when the PC8 resi-  

- 

i s  the range o f  response factors 
which different PCB congeners exhibit. Zitko e t  al. (1971) and Hattori et  a l a  
(1981) published response factors ranges o f  about 540 and 9000, respectively. 
Boe'and Egaas (1979), Onsuka e t  a l .  (1983) and Singer e t  al. (1983) have a lso  
published ECD response factors. The range o f  response factors seriously in- 
hibits re1 iable quantitation o f  individual PCB congeners o r  non-Aroclor PCBs 
unless the composition o f  the sample and standard are the same. 

t h e  PCBs are usually quantitated by total areas or individual peaks. 
total areas method, the areas o f  a l l  peaks i n  a retention Gindow are summed 
and this total compared with the corresponding response o f  an Aqoclor stan- 

With the individual peak quanti tation method, response factors are 
calculated for each peak i n  the packed column chromatogram. The most prom- 
inent individual peak quantitation method was originated by Webb and McCalJ 
(1973). These results may be reported as an Aroclor concentration o r  as 
total PCB. Packed column GC techniques are generally useful for quantitation 
of samples which resemble pure Aroclors b u t  are prone to errors from inter- 
fering compounds o from PCB mixtures that do-not resemble pure Aroclors 
(A'lbro 1979). For his reason analy s have been using capillary gas chro- 
matography for the nalysis of PCBs. Capillary gas chromatography offers the 

When PCBs are analyzed by packed column gas chromatography, 
In the 

~ dard. 

l i t y  t o  separate most o f  the individual PCB isomers. Bush 
as proposed a me "total PCB" values by inte- 

generated fro 
loped a simpli 
quantitated. 
six specific, 

ry cutof f  analy 

- - e  



b. GC/Hall ElectrolytCe Conductivity Detector 

& 

i 

Electrolytic  conductivity detectors have also been used w i t h  
packed column gas chromatography t o  selectively detect PCBs (Webb and McCal1 
1973,  Sawyer 1978). The Hall e lectrolyt ic  conductivity detector (HECD) mea- 
sures the change i n  conductivity of ;4 solution containing HC1 o r  HEr which i s  
formed by pyrolysis o f  halogenated organic GC effluents.  
105-106 select ivi ty  for  halogenated dompounds over other compounds. 
gives a l inear response over a t  l eas t  a . lo3 range. 
pared for the i r  use i n  detecting PCBs i n  waste o i l ,  hydraulic f l u i d ,  capacitor 
f luid,  and transformer o i l  (Sonchik e t  al. 1984)- 
acceptable, b u t  noted that the HECQ gave higher results  w i t h  less  precision 
than the ECQ. 
2-4 ppm for ECO. Greater than 100% resotlery of spikes analyzed by HECD indi- 
cated a nonspecific response t o  non-PGB components, since extraneous peaks 
were n o t  observed. Another comparison-of HECD and ECD f o r  the analysis o f  
'PCBs i n  o i l s  at- the 30-500 l e v e l l  found that the type of detector made no 
signi f icant d i  f ference i n  results  (Levine e t  a l ,  1983). The authors noted 
that they had expected higher accuracy from the more spec i f i c  HECD. 
postulated that  the cleanup procedures (F lor i s i l ,  alumina, and sulfuric acid) 
a1 1 had effectively removed 
interferences i n  the ECD an 

The HECQ exhibits 
I t  a1 so 

HECD and ECO were com- 

They found b o t h  detectors 

The'method detection l imits  ranged from 3-12 ppm for HECD and 

They 

PCB species which would have caused 

c. GC/Mass Spectrometry 

Highly speci f ic  identif ication o f  PCBs i s  performed by GC w i t h  

A GC/MS produees a chromatogram consisting of data 

The 

mass spectrometric (GC/MS) detection. 
generally used w i t h  mass spectrometry, so individual  PCB isomers may be 
separated and identified. 
points  a t  about 1 second intervals ,  which are actually full mass spectra, 
data are stored by a computer and may be retrieved i n  a variety of ways. 
data  f i l e  contains information on the amount of compound (signal intensity) ,  
molecular weight (parent ion) ~ and chemical composition (fragmentation pat- 
terns and isotopic clusters).  

GC/MS i s  particularly suited to detection o f  PC8s because o f  
i t s  intense molecular ion and the characterist ic  chlorine cluster.  
has two naturally occurring isotopes, 3 s C l .  and 3 7 C l  which  occur in a r a t i o  
of 100:33. Thus, a molecule w i t h  one chlorine atom will have a parent ion, 
M, and an M+2 peak a t  33% relat ive  intensity. W i t h  two chlorine atoms, M+2 
has an intensity of 66% and M+4, 11%. 

High resolution gas chromatography is 

The 

Chlorine 

Because of i t s  expense, complexity of data, and lack of sensi- 
t i v i t y ,  GC/MS has not  been used as extensively as other GC methods (particu- 
1 arly GC/ECO),  despi t e  
above factors have-been 
analysis of PCBs , and- 
era1 factors inc lv j j jng  
accessories , decreds i n 
t o  keep 'the costs  %of' G 
steadily. With larger data  

ently higher information content. As the 
ed, GC/MS has become .much more popular for 

bly continue t o  increase i n  fmportaace. Sev- 
oduc-tion .af routine :instruments w i  tMut  costly- - 
stem' costs ,  land mass-marketing, have combined 
while prices of other instruments have risen 
ems and more versati l e  and "user-friendly" 
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r f  r . .  d u c t i o n  of  .a 

proved, 
._ 

field. Gas c 

- - 
eted by SCIEX, has ,been 
i l  and clay (Lovett e t  al .  
field determination of  

, including hazardous waste PCBs i n  a variety of emergen 
s i t e  cleanups. Other, more trometers, should also be 
amenable t o  use in the field. 

Thin: 1 ayer chrornatogr 
nique which has been-used for  t 

. Since the pub 
Mulhern e t  a1 

s o i l s ,  and by Stahr (1984) for the analysis o f  PCB containing oils.  
a densitometer t o  measure the intensity o f  the spots, TLC i s  no-t generally 
considered quantitative. 
are certainly. obtainable, b u t  the-preci 
approach that of  the gas chromatographi 

before'TLC analysis. 
various cleanup proce 

Even w i t h  

Order-of-magni tude estimates of the concentration 
and accuracy probably do n o t  

_' ~ 

A spil l  s i t e  sample extract will probably need to be cleaned up 
Levine e t  al .  (1983) have published a cornparism of 

s compared the Levine sulfuric 

-- 

A .... 
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TLC. The two most common methods o f  vi,su 
1973, Ueta .et  al .  1974) and reaction w i t h  
(OeVos and Peet 1971, BeVos ’ 1972 ~ Kawabat 

No direct  comparison o f  the  per 
f o r  analysis of‘samples from spi l l  s i tes  .has been made. 
al, 1975, Col l ins ’et  al. 1972) compared TLC’and GC/ECD. 
PCB values obtained were comparable. 
cated that the TLC results were generally lower-than GC/ECD. 

Scence (Kan et a]. 
V j rradi a t i  on - 

other techniques 
TWO studies (Bush e t  
In both  studies, the 

HoGever, the study by Bush e t  al. indi- 

3. 

Total organic halide analysis can be used t o  estimate PCB concen- 
oprjate for verification o r  trations for guiding f ield work, b u t  i s  not 

enforcement- analysesL A, t o t  indicates the presence 
o f  chlorine- an& somkttmes..th 

chlorine t o  free: chloride ?on w i t h  metal1id”sodium can b sed for PCB analy- 
sis. The free- chloride ‘ions can be then*’detected colorimetrically (Chlor-N- 
Oil@) o r  by a chloride ion-specif ic electrode (McGraw-Edison). 

. mance of these k i t s  has not been 
. oil .  X-ray .fluorescence (XRF) -ha 
nique (McQua 

the techni@es also 
.. detect Anorganic chiorides s he reduction of organa- - 

The perfor- 
atr ix  other than mineral 

0. Selection o f  Appropriate Method? 

1. Criteria for Selection 

The primary criterion for an enforcement method i s  that the data be 

tho& be employed; rather that 
al jdatfon data t o  support the i r  
tion’ of a method, including 

highly reliable ( i-e., they are legally defensib7e). 
imply that the .most exotics state-of-the-art 
the methods have a sound sc ient i f ic  basis an 
use. Many other c r i t e r i a  also enter into se 
accuracy, precision, reproducibility, comparability, consistency across ma- 
t r ices ,  availability,  and cost. 

This does n o t  necessarily 

For PCB spills, i t  i s  assumed that the spilJs will be relatively 
fresh and therefore that PCB mixtures wtll- generally resemble those in com- 
mercial products ( i .e . ,  ArocloM). It i s  further assumed that, for most of 
the matrices 1 i kely to  be encountered, the levels o f ”  interferences wi 11 be 
re1 a t i  vely 1 ow, 

2. Selection o f  Instrumental Techniques 

Based upon the above 

- - e  
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4. Selection of  Methods r J  I ..- 
available f o r  each matrix likely: 

The matrices of concern include solids ( s o i l ,  
od, e tc . ) ,  water, o i l ,  surface wipes, and 

A primary -recommended method i s  given:.and should 
vegetation, 
discussed i n  deta 
be used i n  most s 
f i rmatory analyse here the situation (e.9. , high level o 
indicates that-the ary method i s  not applicable, The meth 
be documented o r  r 

The methods,for these.matrices are summarized i n  Table 22 and 
low. 
instances. The secondary method may be useful for  con- 

a,  Solids (Soil ,  Sand, Sediment, Bricks, Asphalt, Wood, Etc.) 

m 94-846 (USEPA P982e) i s  the primary recom- 
hods, Method 8250 and Metho 
acetone/hexane, (1: 1) extrac 

i nd a GC/ECD instrumental de 
oclor standards i s  specified. No qualitative 
on limit of 1 pg/ s prescribed. No valida- - 

s (bricks, asphalt, d be readily 

1982e)- The sample must be crushed.and subsampled t o  ensure proper solvent 
contact, 

t o r  according t o  €PA .Method -8080 (USEPA 

8 (USEPA 1984e) I"5 recommended as the primary 
method. This i s  one of "priority pollutant" methods and involves extrac- 
t i o n  of water samples ichloromethane. An optional -Florisil 'column 
chromatographic c l  also an optional sulfur removal are given. Sam- 
ples are analyzed and quantitated against the total 
standards. No qualitative criteria are given. T h i s  method h 
sively validated and complex recovery and precision equations 
the method for  seven Aroclor mixtures. 
average 'overall precision about 2.26%. 
for the more common Aroclors (1242, 1254, and 1260) are about 78% and 2 26%, 
respectively. Oetection limits are n o t  given i n  the current version (USEPA 
1984a), although they were listed as between 0.04 and 0.15 pg/t for' the seven 
Aroclor mixtures ? i s ted  as prior i ty  pol 1 utants in the method validation study 
(Millar e t  ai. 1984). 

The average recovery is  about 86% and 
The average 'recovery' and precision 

c. Oils - 
z 
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The sample may be analyzed by GC/ECD as the primary method. Secondary instru- ~ %! 

(1973) method. No qualitative c r i ter ia -are  given. QC c r i t e r i a  are given. A 
detection l imit  of 1 mg/kg i s  stated,  although i t  i s  highly dependent on the 
amount of  d i l u t i o n  required. An interlaboratory validation study (Sonchik  
and Ronan 1984) indicated 81 to 126% recoveries for different PCB mixtures, 
w i t h  an average o f  97% for Aroctors.124 1254, and ,1260, as measured by ECD. 
The overall method precision ranged 'fro f 11 t o  f 55%, w i t h  an average of 
f 12% for Aroclors 1242, 1254, and 1260. The method validation s t a t i s t i c s  
were presented in.more detail as regression equations. 

--; mental choices, also presented i n  the method, are GC/HECO, GC/MS, and capi l -  .- ? 

lary GC/HS. PCBs are quantitated by e i ther  total  areas o r  the Webb-McCall -1 

d. Surface Wipes 

No standard method i s  available for analysis of PCBs collected 

easily extractable,  a simple hexane extraction should b UffjEjeEs. Samples 
should be analyzed according t o  EPA Method 608 (USEPA 1 
Section 10.1 through 10.3. In lieu o f  these sections, the sample should be 
extracted three times w i t h  25 t o  50 m i  o f  hexane. 
by shaking for a t  least  1 min per extraction i n  the wide-mouthed j a r  used for  
sample storage. Note that the rinses should be w i t h  hexane so that  solvent 
exchange from methylene chloride to  hexane (Section 10.7) i s  not necessary. 

.on surface wipes. However, since this  matrix should be  relatively clean and 

a),  except for 

The sample can be extracted 

- - 

e. Vegetation 

The AOAC (1980a) procedure for  food is recommended for analysis 
of  vegetation (leaves, vegetables, etc.  ). 
a macerated sample w i t h  acetonitr i le ,  
and the PCBs extracted into petroleum ether. 
cleaned up by F lor i s i l  column chromatography by elution w i t h  a mixture o f  ethyl 
ether and petroleum ether. The sample i s  analyzed by GC/ECD w i t h  quantitation 
by total areas or individual peak heights" as compared to Aroclor standards. 
No qualitative c r i t e r i a  are given. Validation studies w i t h  chicken f a t  and 
fish (Sawyer 1973) are not relevant t.0 the types o f  matrices t a  be encountered 
i n  PCB spi l ls .  

This method involves extraction of 
The acetonitr i le  is  d i lu ted  with water 

The concentrated extract i s  

4. Implementation o f  Methods 

Each laboratory i s  responsible for  generating re l iable  data. The 
f i r s t  step i s  preparation o f  an in-house protocol. 
i s  based on methods cited above, b u t  speci f ies  which options must be followed 
and provides more detail  i n  the conduct of the techniques. 
t h a t  a written protoco-1 be prepared f o r  auditing purposes. 

T h i s  detailed "cookbook" 

It i s  essential 

. -.... . 
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Each laboratory is responsible for generating val j.dation data t o  
demonstrate the performance o f  the method iri t h e  laboratory. 
done before processing of samples; however, i t  ’ i s  often impractical. 
t i o n  of method performance-(replicates, spikes, QC samples, etc. ) while ana- 
lyzing f ield samples i s  acceptable. 

are documented and also provided t h a t  they do not affect  performance. 
minor changes (e.g., substitution of  hexane for petroleum ether) do not 
generally require validation. 
of a HECQ for  ECQ) will require documentation of  equivalent performance. 

This can be 
Valida- 

Changes i n  the above methods are acceptable, provided the changes 
Some 

More significant changes (e. g . ,  substitution 
.-  

E. qual i t y  Assurance 

Quality assurance must be applied throughout the entire monitoring 
program including the sample planning and collection phase, the laboratory 
analysis phase, and t h e  data processing and interpretation phase. 

Each participating EPA or €PA contract laboratory must develop a 
qual i ty assurance plan (QAP) according t o  &PA guide1 ines -(USEPA 1980) 
ditional guidance i s  also available (USEPA 1983). The quality assurance p l a n  
must be submitted t o  the  regional QA officer or  other.appropriate QA o f f i c i a l  
for approval prior t o  analysis of samples. 

- 
0 

Ad- 

1. Quality Assurance Pian 

The elements of a QAP (U:S, EPA, 1980) include: 

T i t le  page 
Table o f  contents 
Project description 
Project organization and responsibility 
QA objectives for measurement data in terms of precision, ac- 

curacy, completeness, representativeness, and comparability 
Sampling procedures- 
Sample tracking and traceabi 1 ity 
Calibration procedures and frequency 
Analytical procedures 
Oata reduction, validation and reporting 
Iaternal quality control checks 
Fzrformance and system’ audits 
?reventive maintenance 
S2eci f i c routine procedures used t o  assess data precision 

accuracy and completeness 
Ccrrec ti  ve action 
Qual i t y  assurance reports t o  management 

L 
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! 2- Quality Control 

Each- l a  erate a formal quality <- 

control (QC) progra 
in i t ia l  and continuing .demonstration of acceptable laboratory performance by 

- the analysis o f  check samples,'spiked b lanks ,  and f ield blanks. The labora- 
tory  must maintain performance records which  define the quality of  data that  
are generated, 

The' exact' qual i ty 'control measures w i  1.1 de 
type and number o f  samp-les, and c n t  requirements, 
be stipulated i n  the QA Plan. Th C measures discu 
example only. Laboratories must' ide on w h i c h  of the measures below, or 
additional measures, will be required for each situation, 

e-minimum requirements o f  t h i s  program consist o f  an 

d on the laboratory, 

a. Protocols 

b le  PCB methods contiin &merous 
P i 

ion by a laboratory 
which may be followed 

ontai n-worki ng instruc- 
forms the basis f o r  

the laboratory must define 
i t s  routine performance. 
acceptable response' factor precision w i t h  at  least  three rep1 icate analyses 
o f  a calibration solution; and analysis o f  a b l i n d  QC check sample ( e - g . ,  the 
response factor calibration solution a t  unknown concentration submitted by an 
independent QA off icer) .  Acceptable c r i t e r i a  for  the precision and the ac- 
curacy o f  the QC check sample analysis must be presented i n  the QA plan.  

of the i n i t i a l  demonstration or more elaborate measures. More, 
sures may include control charts and analysis o f  QA check sampl 
unknown PCBs, and possibly w i t h  matrix interferences. 

At a minimum, this must include demonstration of 

Ongoing performance checks should include periodic repetition 

C ,  Procedural QC .. 

The various steps o f  t h  ly t i ca l  procedure shou1 d have qua 1 - 
i ty  control measures. These include, 

t e r ia  and a system for  routinely monitoring the performance should be s e t  o u t  
i n  the QA Plan. Corrective 
c r i ter ia  should also be s t i  

are not limited t o ,  the following: 

Instrumental Perfo e: Instrumental performance cri - 

or when performance-does not meet the 
L 
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Gual i ta t ive  Identification: Any questibnable results 
should be confirmed bv a second analvtical method. A least  10% of  the 
identif ications,  as & l l  as any questionable resul t s ,  should be confirmed by 
a second analyst. 

.guanti.tation: At l eas t  10% of a l l  calculations must be 
checked. 
quantitation ro.utines. 

The results  should be manually checked a f t e r  any changes in computer 

de Sample QC 

Each sample and each sample se t  must have QC measures applied 
The following to i t  t o  establish the data quality for each ana?ysis result .  

should be considered when preparing the QA plan: 

Field Blanks: Field blanks are analyzed to dgmonstrate 
that the sample collection equipment has not  been contaminated. A f i e ld  blank - 

w may be generated by using the sampling equipment t o  collect a blank sample 
(e.g., using -the water sampling equipment to sample laboratory reagent grade 

the sampling equipment (e. g- , xtrac3ing.a sheet of  
o t  used t o  co l lec t  wipe sampl or r i n s i n g  the so i l  
the sample jar). 

of sample collected. 
A f ield blank must be'collected and 

Labo-ratory Reagent Blanks: 'These blanks are generated i n  

ratory. General l y ,  a reagent blank cessed through the 
rocess, 

are analyzed to assess contaminati glassware, reagents 

blanks may be generated which are processed through only part of the procedure 
to  isolate  sources of  contamination- 
must be generated arid analyzed for  each type o f  sample analyzed. 

AK though i n  special circumstances, additional reagent 

At l eas t  one laboratory reagent blank 

Check Samples: These samples contain known concentrations 
of PCBs i n  the sample matrix. 
demonstrate the methodrperformance, 
the analyst. 

They are analyzed along with f i e l d  samples t o  
The BCB concentrations may be known t o  

B l i n d  Check Samples: These samples are the same as the 
check samples discussed above, except the PCE concentration i s  not known t o  
the analyst. 

Replicate Samples: One sample from each batch oh 20 or 
The sample is divided into three rep- fewer will be analyzed i n  t r i p l i c a t e .  

l i ca te  subsamples and ,all. these subsamples carried through the analytical pro- 
b l i n d  t o  the analyst. The results of these analyses must be compara- 

ble w i t h i n  the l imits required f o r  spiked samples. 

The sensi t ivi ty  and reproducitlFS?ity must 
be demonstrated for  anyi.method used to report* verification data, This can be 
done by analyzing spiked blanks near the required detection limit.  'co demon- 
s trate  the a b i l i t y  of the method to  reproducibly detect  the spiked sample, 
one or  more spiked samples should be analyzed i n  a t  l e a s t  t r ip l i ca te  for each 
group of 2Q or fewer samples w i t h i n  each sample type collected. Samples Will 

L 
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Matrix Spike Level 

-_ 
- 
i ty Assurance Plan, the'chain- 

s rigorous sample 'traceab' 
hen operations were' 

in-of-custody provides defensible proof o f  

cceptable for  enf 

Chain-of-custody is .required fur analyses which may result  i n  
he data may be subject to  legal scrutiny. 
CJusive written proof that samples are ta  
alyzed in an unbroken l i ne  as -a means to maintain. 

in custody if: 

- 
- 

It  is ,in the possession of  an authorized individual; 

I t  is in the f ie ld  o f  vision o f  an authorized 
individual ; 

- It i s  in a designated secure area; or 
- It  has been placed in  a locked container by an 

authorized individual. 

A typical chain-of-custody protocol co.?tains the following elements: 

1. Unique sample identification numbers. 

container preparation and integrity 
0 .  

z 3. Records o f  the sample collection such as: 
--* 

c location of  samplrng. 

.- 
II ._-.. :.; : ~ . ,&. -. 

. .  . .,. ,: - . -, -,,..-. . . . . .., . . .. . ~. 



- ’Date of’coi 

- Exacg-iime 

- 

- Ini-tiali h entry, 
- 

~ i.13 

Type of  sample taken (e .g . ,  a i r ,  water, s o i l ) .  

Entering pertinent information on chain-of- 
custody recokd. 

- Maintaining the samples in one’s possession or 

or shipping the samples ts the 

he chai n-of -cus tody records 

- 

- The chain-of-custody records must accompany the 
sampl es. 

4. Unbroken custody during shipping.  Complete shipping 
records must b’e7retained; samples must be shipped in 
locked or sealed (evidence tape) containers. 

Laboratory chain-of-custody procedures cons: st of: 

- Receiving t h e  samples, 

- 
- 

5. 

Checking each sample for tampering. 

Checking each sample against the chain-of-custody 
records. 

- Checking each sample and noting its condition. 

a sample custodian who will be responsible 
ining chain-of-custody. 

gn-offs for every transfer o f  each 
in-of-custody record. 

hat a l l  manipulations of the sample are 
a laboratory notebook along with 

These manipulations wf 
program manager .or a dpSigne 

^I. 

F, Documentation and Records 

h. . i. 
Each ‘laboratoy is  responsible for maintaining complete records of 

the analysis, A detailed documentation plan should be prepared as part of 



the QAP- Laboratory notebooks hpu1.d be ,used r handwritten- records, Di gi- j 
ta l  o r  other GC/MS data must archived 'on m e t i c  tape, disk, o r  a similar '%. 

device. Hard copy printouts may a l s  kept .if desired. Hard copy analog 
data from s t r ip  chart recorders must 
retained, 

archived. QA records should also be 

The documentation must complete-ly describe how the analysis was 
performed. Any variances f 
described. Where a procedu 
t i o n  used and spec'ifics (so 
stated. 

standard protocol must be noted and ful ly  
t s  options (e.g:, sample cleanup), the op- 

ion times, e tc . )  must be 

The remaining samples and extracts should be archived f o r  a t  l eas t  
2 months or until the analysis report is approved by the c l i ent  organization 
(whichever i s  longer) and then .dispo. 
The magnetic disks'.or tapes, hard co 
t i tat ion reports , work sheets, etc .  , 
A1 1 calculations t o  determi ne :f i 
An example-.of eac pe o f  Calculatio 

other arrangements are made. 
rams, hard copy spectra, quan- 
hived f o r  a t  least  3 years. 
rations must be documented. 

- 4. 

d be submitted with each ver i f i -  

- 
> .  

Matrix 

., 
Results o f  analysis will normally. be $epoTted as follows: 

' Reporting Units 

S o i l ,  etc ,  

Water 

Surfaces (wipes) . 

- +  

pg PCB/g of sample (ppm) 
f5 -. 

mg PCB/L of sample (porn) 

In some cases,  the 
I case, 11 values are reported 

results are t o  be reported by horndog. In this  
f o r  t h e  10 homologs and 

one for the tota l .  
of resolvable gas chro 1982c, 1984e). In these 

e.number o f  peaks observed on 
the chromatogram- The associated with a regulatory 
cutoff (e.g., 2 yg/g per c peak (U.S. €PA, 1982c, 
1984): In these c a s e s f i t  ding on the c l i ent  organi- 
zation's request, to repo 
cutoff 

Some TS o r t i n g  the results in terms 

are  above the regulatory 

tat ion standard, the re- 
ample." TSCA regulates all-- - .n...... 
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