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I I 

1.0 INTRODUCTION 

This amendment to the "Interim Status Closure Plan, Technical Area 35 TSL-85 Surface 
Impoundment" (Benchmark Environmental Corporation [BEC], December 1991) is being submitted 
to the New Mexico Environment Department (NMED) in response to NMED's letter of June 21, 
1993, regarding "TA-35, TSL-85 Surface Impoundment: Denial of Clean Closure Equivalency 
Demonstration and Disapproval of Closure Plan" (NMED, June 1993) with an attachment entitled, 
"Reasons for Closure Plan Disapproval and Recommended Modifications for Approval" (NMED, 
May 1993). The purpose of this amendment is to show that all of NMED's concerns have been 
or will be addressed adequately so that clean closure of the surface impoundment (including the 
associated underground storage tank [UST] and ancillary piping) may be achieved in accordance 
with the New Mexico Hazardous Waste Management Regulations, Revision 7 (HWMR-7), Pt. VI, 
Part 265, Subpart G, Closure and Post-Closure. This amendment to the Closure Plan (BEC, 
1991) is being submitted in lieu of a revision to the plan. This amendment includes additional 
information, supporting analytical data, appropriate summary tables, associated figures, 
photographs, and various supporting documents and is organized into five main sections: 

• Introduction (Section 1.0). 

• Specific responses to each NMED reason for closure plan disapproval (Section 2.0). 
• Proposed sampling and analysis plan (SAP) for the additional sampling (Section 3.0). 
• Proposed risk evaluation (Section 4.0). 

• Proposed schedule (Section 5.0). 

During the previous Resource Conservation and Recovery Act (RCRA) closure effort for the 
Technical Area35 (TA-35), Ten Site Laboratory (TSL)-85 Surface Impoundment, which is detailed 
in the Closure Certification Report (BEC, 1991), soil samples were collected from various 
locations in the area of the surface impoundment. The sampling events performed in Phases I 
through V were conducted from 1989 through 1991. Table 1-1 is a summary of sampling and 
analytical Phases I through V performed for clean closure verification. A location map of Los 
Alamos National Laboratory (LANL) TAs is provided for reference as Figure 1-1 and a structure 
location map of the western portion of TA-35 is included as Figure 1-2. Figure 1-3 shows the 
area surrounding the surface impoundment and the locat1ons of associated structures and piping 
prior to Phases I through V. Analytical data for the majority of the soil samples collected in 
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Phases I through V were not of the highest defensible quality due to missed holding times, 
surrogate recovery results outside the U.S. Environmental Protection Agency's (EPA's) limits, and 
interference from nonhazardous constituents. As a result, NMED has recommended that 
additional samples, representative of the samples that yielded poor analytical data, be collected 
and analyzed. Section 3.0 of this amendment provides a SAP for the proposed additional 
Phase VI sampling. 

The Closure Certification Report (BEC, 1991) used the analytical data generated from the 
1989-1991 Phases I through V sampling effort to perform a risk assessment. The risk 
assessment consisted of a comparison of analytical results with health-based action levels; these 
action levels were calculated for the soil ingestion pathway using methods outlined in proposed 
RCRA SubpartS (Federal Register, Volume 55, No. 145, pp. 30815-20 and 30865-73). Several 
volatile organic compounds (VOCs) were detected in Phase II soil samples but were not included 
in the risk assessment. In addition, NMED has requested that LANL calculate an aggregate 
hazard index and an aggregate risk level for constituents which are present in soils associated 
with the former TSL-85 Surface Impoundment at TA-35. (LANL will comply with the NMED's 
request for this site, however, LANL does not intend this action to set a precedent of applying 
Comprehensive Environmental Response, Compensation, and Uability Act-based risk assessment 
methodology/guidance to closures or cleanups conducted under RCRA.) The proposed risk 
evaluation, presented in Section 4.0 of this amendment, will evaluate analytical data of good 
quality from Phases I throuQh VI and will calculate an aggregate hazard index and an aggregate 
risk level as appropriate. In addition, the risk evaluation will utilize the most current information 
from the U.S. EPA's Integrated Risk Information System (IRIS) database, which provides toxicity 
values for individual constituents for the purpose of risk assessment. 

A proposed schedule for the additional tasks necessary to demonstrate clean closure of the 
former TA-35 TSL-85 Surface Impoundment (including the associated UST and ancillary piping) 
is included in Section 5.0 of this amendment. This schedule reflects activities required if 
subsequent remedial actions, including potential soil removal and site restoration activities, 
become necessary. With NMED approval, the necessity of additional remedial actions will be 
determined based on an evaluation of analytical data of good quality from Phases I through VI 
with health-based action levels and calculated risk. 

301625\amndmnt 1-2 
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a 

Phase 

I 

II 

Ill 

IV 

v 

Table 1·1 

Summary of Sampling and Analytical Phases 1 through v 
Perfonned for Clean Closure Verification 

at the Technical Area 35, TSL-85 Surface lmpoundmen.-

Description No. of Sarl1)1es Analytes 

Soil sarl1)1es collected at the 1- to 24 Volatile organic 
2-foot depth below the surface compounds (VOCs), 
impoundment semivolatile organic 

compounds (SVOCs), 
polychlorinated 
biphenols (PCBs), and 
metals 

Soil sarl1)1es collected from various 24 VOCs, SVOCs, PCBs, 
depths in three coreholes drilled to and metals 
approximately 49 feet below the 
surface impoundment 

Soil sarl1)1es collected from directly 12 VOCs, SVOCs, PCBs, 
beneath the underground storage and metals 
tank and associated polyvinyl 
chloride piping 

Soil sarl1)1es collected at a depth of 12 VOCs, SVOCs, PCBs, 
approximately 6 inches and located and metals 
downgradient of the surface 
impoundment into Mortandad 
Canyon 

Soil samples collected from various 20 VOCs, SVOCs, and 
depths in two coreholes drilled to total petroleum 
approximately 45 feet below the hydrocarbons 
surface impoundment 

Information for the 1989-1991 Phases I through V sampling effort is summarized from the "Closure 
Certification Report, TA-35 TSL-85 Surface Impoundment" (BenchmarK Environmental Corporation, 
1991). 



2.0 RESPONSE TO NMED'S REASONS FOR CLOSURE PLAN DISAPPROVAL 

2.1 REASON 1 

2.1.1 NMED's Reason for Disapproval 

"The closure plan does not include a description of the removal of contaminated subsoils pursuant 
to the New Mexico Hazardous Waste Management Regulations (HWMR-7), Part VI, Section 40 
CFR 265.228(a)(1 ). 

A. The subsoil near the 6-inch PVC pipe extending from Building 85 to the surface impoundment 
is contaminated. The contaminants found in excess of health-based action levels and their 
sample locations are as follows: 

1. Selenium at sample site 85PL-4; 

2. Beryllium at sample sites 85PL-1 through 85PL-12; and 

3. Antimony at sites 85PL-3 and 85PL-6 through 85PL-11. 

B. Analysis of soil samples for semi-volatiles has been compromised by interference from 
non-hazardous di-electric waste oil. During analysis, DOE/LANL raised the limit of 
quantitation (LOQ) to accommodate this interference. The LOQ for some of the subsoil 
samples was in excess of the estimated quantitation limit (EQL) of 1 mglkg as recommended 
in SW-846 Method 8270. Those samples in excess of the EQL have been determined to be 
unacceptable. Since these samples do not document the absence of hazardous constituents 
above health-based concentrations, the subsoil is considered to be contaminated." 

2.1.2 Response 

In compliance with HWMR-7, Pt. VI, 265.228(a)(1 ), the "Interim Status Closure Plan, Technical 
Area 35 TSL-85 Surface Impoundment" (BEC, December 1991) (Enclosure 1 of the Closure 
Certification Report [BEC, 1991]) includes a soil removal, sampling, analysis and evaluation plan 
as Section 5.3. This plan details a five-phase approach to demonstrate clean closure verification 
for the TSL-85 Surface Impoundment site that includes an assessment of site conditions and 
subsequent management of any hazardous equipment, structures, wastes, and/or materials 
associated with the site. LANL has complied with this requirement by removing all waste 
residues, contaminated systems, structures, and equipment and has managed them as hazardous 
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waste. (A description of the removal of contaminated subsoils is provided below.) This 

amendment in conjunction with the Closure Certification Report (BEC, 1991) outlines the 

approach that LANL will use to ensure clean closure of the TSL-85 Surface Impoundment in 

compliance with HWMR-7, Pt. VI, 265.228(a)(1 ). 

Soil removed from 'the site was taken from directly beneath the surface impoundment liner. 

Samples of this soil, collected in 1989 while the liner was still in place, were analyzed and 

revealed that the soil was contaminated with various VOCs. As a result, the liner was removed 

(Photograph 2-1) and disposed of as hazardous waste. Then 1 to 2 feet of soil and undisturbed 

volcanic tuff were excavated and removed by Pan Am World Services personnel using a small 

backhoe and various hand tools. The soils were sealed into U.S. Department of Transportation 

(DOT)-approved 55-gallon steel drums and placed in the TSL-851ess-than-90-day storage area. 

The drums were subsequently shipped off site and the contaminated soils were incinerated by 

Rollins Environmental Services Inc. Drums containing contaminated soils excavated from the 

TSL-85 Surface Impoundment were shipped to Rollins along with drums of contaminated soils 

excavated from the TA-35 TSL-125 Surface Impoundment. The shipping manifests and 

certificates of destruction associated with these soils are included as Appendix A of this 

amendment. 

Selenium was not detected in the soil along the polyvinyl chloride (PVC) piping between the UST 

and the surface impoundment (Photographs 2-2, 2-3, and 2-4). This metal was not detected in 

Phase Ill soil samples at or above the LOO as shown in Table 2-1. The action level calculated 

for selenium in the Closure Certification Report risk assessment (BEC, 1991) is summarized in 

Table 2-2 of this amendment The LOQ of 0.1 micrograms per gram (parts per million [ppm]) is 

far below the calculated action level of 250 milligrams per kilogram or ppm. Therefore, the 

presence of selenium in the soils along the PVC piping is not a concern. 

Beryllium was detected in the soil along the PVC piping between the UST and the surface 

impoundment. However, a comparison of the beryllium concentrations detected at sample 

locations 85PL-1 through 85PL-12 (Table 2-1) with background levels for beryllium (Table 2-3) 

shows that the beryllium concentrations are all below background levels. Therefore, the presence 

of beryllium is not a concern. Background levels for beryllium are documented in the report 

entitled "Sigma Mesa: Background Elemental Concentrations in Soil and Vegetation" 
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{Ferenbaugh et al., 1979) {Appendix B) and the study "Preliminary Background Elemental 

Concentrations in Bandelier Tuff and Selected Soil Series" (Longmire et al., November 1993). 

The study by Longmire et al. (1993) will be completed in November 1993; Attachment 2-1 of this 

amendment provides a telephone log with summaries of the background concentration data 
determined by Longmire et al. for antimony, beryllium, and selenium. 

Antimony was detected in the soil along the PVC piping between the UST and the surface 
impoundment at concentrations exceeding both the action and background levels for that metal. 
Phase II antimony concentrations will be evaluated in the proposed risk evaluation (Section 4.0 
of this amendment) and addressed as determined appropriate by NMED and LANL. 

The semivolatile organic compound (SVOC) data for soil samples collected from a depth of 2 feet 

below the surface impoundment (Figure 2-1) were unable to demonstrate the absence of 
hazardous constituents above health-based action levels. The presence of nonhazardous 
dielectric waste oil in the soils appears to have interfered with the SVOC analyses for the soils, 
resulting in samples with elevated LOQs. Upon completion of the soil sampling, 1-2 feet of clean 
fill was placed and compacted in the excavated area of the surface impoundment to bring the 
area back to its original grade. As a result, soils at a depth of 2-3 feet below the existing grade 
will be sampled and analyzed. If necessary, samples will be diluted in accordance with SW-846 
methods in an effort to obtain analytical data with nonelevated LOQs. Section 3.0 of this 

amendment provides the details for this additional sampling. 

2.2 REASON 2 

2.2.1 NMED's Reason for Disapproval 

"During the removal of the UST, the contractor discovered a 6-inch PVC pipe connected to the 

pipe from the UST to the surface impoundment. The origin of this pipe has not been identified. 

It is also unclear if the accessible portion of this pipe was removed and decontaminated and if 

the inaccessible portion of the pipe was pressure tested, decontaminated, grouted, and/or capped. 

The origin and removal or decontamination of the 2-inch galvanized steel pipe, discovered by the 

contractor during pressure testing of the tank, has not been described in detail." 
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2.2.2 Response 

The 6-inch PVC pipe, shown in Figure 2-2, was connected to a floor drain in Building 85. This 
drain was similar to other drains that were connected directly to the TSL-85 Surface Impoundment 
that are discussed in the Closure Certification Report (BEC, 1991 ). The accessible portion of this 
pipe was removed, cut into smaller pieces, placed in DOT-approved containers, and disposed as 
hazardous waste at an off-site RCRA-permitted disposal facility. The inaccessible portion was 
pump-grouted and capped. 

The 2-inch galvanized steel pipe (Figure 2-2) was connected to the bottom of the UST and led 
to a drain in Building 85, similar to the drains that were connected directly to the TSL-85 Surface 
Impoundment. This pipe was discovered when, in the process of pressure testing the UST, fluids 
in the bottom of the tank were forced back into Building 85 through the drain. The accessible 
portion of the steel pipe was subsequently disconnected from the tank and removed. The 
inaccessible portion was pump-grouted and capped. 

2.3 REASON 3 

2.3.1 NMED's Reason for Disapproval 

"The discovery of hazardous waste constituents which were not anticipated from the Process 
Knowledge investigation of Buildings 85 and 188 suggests that there may be other, as yet 
unknown, hazardous constituents in the soil. Soil samples were tested for a limited number of 
hazardous constituents." 

2.3.2 Response 

NMED has requested that soils be sampled and analyzed for all of the hazardous constituents 
found in HWMR-7, Pt. II, Part 261, Appendix VIII. However, analytical methods are not currently 
available for all of the analytes listed in Appendix VIII. For the proposed additional sampling 
presented in Section 3.0 of this amendment, LANL's Environmental Chemistry Group (EM-9) will 
conduct analyses for all Appendix VIII analytes that their in-house laboratories have the analytical 
capability to perform. A comparison between the list of analytes in Appendix VIII and EM-9's 
analytical capabilities is also presented in Section 3.0. 
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2.4 REASON 4 

2.4.1 NMED's Reason for Disapproval 

"The closure plan states in Section 5.2.1 Underground Storage Tank/Lines Verification Sample 

Risk Analysis on page 23 that: 

"The semivolatile analyses on the soil samples collected from beneath the underground 

storage tank and underground storage tank lines were performed after the EPA-allowable 40-

day holding time. For this reason, semivolatile organic analytical results are not considered 

valid." 

The closure plan states in Section 5.3.1 Canyon Verification Sample Risk Analysis on page 25 

that: 

"The semivolatile analysis on the soil samples collected from the canyon spill path route were 

performed after the EPA-allowable 40-day holding time. For this reason, semivolatile organic 

analytical results are not considered valid." 

U.S. EPA allows for a risk assessment to demonstrate that any hazardous constituents left in 

subsoils will not cause unacceptable risks to human health and the environment (52 FR 8704, 

March 19, 1987). For the underground storage tank and underground storage tank lines and 

canyon spill path route investigation, valid data on the semivolatiles analyses does not exist. The 

risk assessment is invalid because it cannot be determined whether any hazardous constituents 

left in subsoils will not cause unacceptable risks to human health and the environment." 

2.4.2 Response 

The areas sampled in 1989 during Phases Ill and IV (shown on Figures 2-2 and 2-3) will be 

resampled and analyzed for SVOCs as discussed in Section 3.0 of this amendment. The 

proposed risk evaluation (Section 4.0) will include an evaluation of the risk in these areas based 

on the new analytical data resulting from the additional sampling effort. 
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2.5 REASON 5 

2.5.1 NMED's Reason for Disapproval 

"Quality Assurance (QA) and Quality Control (QC) of Phase Ill Volatile Organic Compounds has 

been compromised. In Enclosure 4-F, Volatile Organic Analyses, Quality Assurance Report, 
Surrogate Results for EPA Volatiles, 64 percent of Surrogate 3 samples do not fall within the EPA 

limits (SW-846). Samples affected by QA/QC deficiencies have been determined to be invalid." 

2.5.2 Response 

The area beneath the UST and associated piping, sampled in 1989 during Phase Ill (Figure 2-2), 
will be resampled and analyzed for VOCs as discussed in Section 3.0 of this amendment. 

2.6 REASON 6 

2.6.1 NMED's Reason for Disapproval 

"Many of the soils analyses from the Phase One Clean Closure Verification Samples: Soil 
Samples at Two Foot Depth (Enclosure 4-D) contain the volatiles 1,1, 1-Trichloroethane, 
2-Butanone, o-Xylene, and Mixed-Xylenes. In the case of multiple hazardous constituents either 

an aggregate hazard index or aggregate risk level must be determined." 

2.6.2 Response 

Analytical data of poor quality, obtained during the 1989-1991 sampling effort (Phases I 

through V), will be considered invalid and will be replaced with the appropriate new analytical data 

generated from the proposed Phase VI sampling event (Section 3.0 of this amendment). With 

NMED's approval, the risk evaluation performed as part of the Closure Certification Report (BEC, 

1991) will be superseded by the risk evaluation proposed in Section 4.0 of this amendment. The 

proposed risk evaluation will assess the existing analytical data of good quality from Phases I 

through V and the new data generated in Phase VI following proposed RCRA Subpart S (Federal 

Register, Volume 55, No. 145, pp. 30815-20 and 30865-73) (included as Appendix C to this 

amendment) and complying with the "Risk Assessment Guidance for Superfund, Volume I, 

Human Health Evaluation Manual (Part A)" (selected portions included as Appendix D to this 

amendment). In addition, the risk evaluation will include calculation of aggregate hazard index 

and/or risk and will utilize the most current IRIS reference dose (RfD) and carcinogenic slope 

factor (SF) values. 
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2.7 REASON 7 

2.7.1 NMED's Reason for Disapproval 

"Enclosure 4-E, Phase Two Clean Closure Verification Samples: Corehole Samples to 

Approximately 49 Feet, Volatile Organic Analyses, lists the detection of Acetone, Benzene, 

2-Butanone, Tetrachloroethylene and 4-Jsopropyltoluene. In the Enclosure 5, Risk Assessment 

Calculation Results and Methodology, Soil Removai/Corehole Verification Samples, the risk 

calculation tables do not include these hazardous constituents. Neither an aggregate hazard 

index nor aggregate risk level has been described." 

2.7.2 Response 

As discussed in Section 2.6.2, the proposed risk evaluation (Section 4.0) will assess analytical 

data from the proposed additional sampling (Phase VI) along with the existing analytical data of 

good quality from Phases I through V. The analytical data for benzene and tetrachloroethylene 

resulting from the proposed Phase VI sampling event will be included in the proposed risk 

evaluation. Acetone and 4-isopropyltoluene are not listed in Appendix VIII; therefore, they were 

not included in the Closure Certification Report risk assessment (BEC, 1991) and they will not be 1 

included in the proposed risk evaluation. 2-Butanone concentrations were evaluated in the risk 

assessment included in the Closure Certification Report (BEC, 1991) under the synonym methyl 

ethyl ketone. Refer to Enclosure 5 of the Closure Certification Report for the previous risk 

assessment methodology and calculations. 

2.8 CONCERN I 

2.8.1 NMED's Concern 

"Volatile organic chemical analysis revealed the presence of 1,1, 1-Trichloroethane. The closure 

plan must be revised to include a detailed description of the degreasing solvents used at these 

buildings. Copies of the MSDS should be included. 1 , 1 , 1-Trichloroethane appears in the 

Hazardous Waste from Non-specific Sources list in Part II, Section 40 CFR 261.31 with the 

Industry and EPA Hazardous Waste Number of F001 and F002, and possibly F003, F004, and/or 

F005. Hazardous wastes with any of these Industry and EPA Hazardous Waste Numbers may 

require removal down to a concentration of 0." 
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2.8.2 Response 

Pure 1,1, 1-trichloroethane was the primary degreasing solvent used in Buildings 85 and 188. The 
material safety data sheet (MSDS) for 1,1, 1-trichloroethane is provided as Attachment 2-2. 

Current analytical methods are unable to measure concentrations of hazardous constituents down 

to a concentration of 0. As outlined in the proposed risk evaluation (Section 4.0), it will be 
demonstrated that any contamination potentially remaining at the site will not pose an 

unacceptable risk to human health or the environment. 

2.9 CONCERN II 

2.9.1 NMED's Concern 

"In the Enclosure 5, Risk Assessment Calculation Results and Methodology, Explanation for Risk 
Calculation Tables it states that the "Reference for CSF and RfD data is EPA's IRIS data base 
April 1991 edition." Verification must be provided that the current and April 1991 Integrated Risk 
Information System (IRIS) Reference Dose (RfD) and Carcinogenic Slope Factors (CSFs) 
correspond. In the case of multiple hazardous constituents, either an aggregate hazard index or 

aggregate risk level must be determined." 

''"'" 2.9.2 Response 

The proposed risk evaluation, outlined in Section 4.0 of this amendment, includes the calculation 
of action levels and aggregate hazard/risk using current RfD and SF values. As previously stated, 

the proposed risk evaluation will assess analytical data of good quality from Phases I through V 

and new data from proposed Phase VI. The most current IRIS values will be utilized in the 

proposed risk evaluation and a summary of those IRIS values will be provided with the completed 

risk evaluation for NMED review. 

2.10 ADDITIONAL NMED REQUESTS 

NMED made two additional requests for information in an October 6, 1993, meeting with LANL 

and representatives of the U.S. Department of Energy Los Alamos Area Office. These additional 

requests are addressed in the following sections. 
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2.10.1 Request 1 

2.10.1.1 NMED's Request 

NMED requested that a reference be provided for hazardous constituents that are detected in the 
analytical results for the TA-35 TSL-85 Surface Impoundment site but that are not directly related 
to the RCRA closure of the surface impoundment (specifically for polychlorinated biphenyls 
[PCBs]). This reference needs to include planned or proposed remedial actions addressing these 
hazardous constituents. 

2.1 0.1.2 Response 

PCBs were detected in Phases I, Ill, and IV at concentrations listed in Enclosure 4 of the Closure 
Certification Report (BEC, 1991) that exceeded calculated action levels. However, all detected 
concentrations of PCBs were below the NMED clean closure required cleanup level of 10 mg/kg 
(ppm) as specified in the Closure Certification Report risk assessment. Therefore, PCB 
concentrations are not considered a concern at the site and unless determined otherwise do not 
require any remedial action. 

2.1 0.2 Request 2 

2.10.2.1 NMED's Request 

NMED also requested that a table showing a direct comparison between April 1991 and current 
IRIS values be provided in this amendment. 

2.1 0.2.2 Response 

Inclusion of a table depicting such a comparison in this amendment or in the Revised Closure 
Certification Report would not provide any useful information. The proposed risk evaluation will 
assess all analytical data of good quality from Phases I through VI. The previous risk assessment 
submitted as part of the Closure Certification Report (BEC, 1991) will be superseded by the 
proposed risk evaluation outlined in Section 4.0 of this amendment. A summary of the most 
current IRIS values used for the proposed risk evaluation will be included with the submittal of 
the Revised Closure Certification Report as part of the risk evaluation. 
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a 

b 

c 

d 

Metal 85PL-1 

Antimony 18b 

Beryllium 0.35 

Seleniumc <0.1d 

Table 2·1 

Phase Ill Analytical Data for Antimony, Beryllium, and Selenium 
for Solis Beneath the Underground Storage Tank and 

Associated Piping at the Technical Area 35, TSL-85 SUrface Impoundment• 

Sample Location Number 

85PL-2 85PL-3 85PL-4 85PL-5 85PL-6 85PL-7 85PL-8 85PL-9 

20 30 25 25 35 30 30 30 

0.4 0.5 0.4 0.35 0.45 0.5 0.33 0.3 

<0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

85PL-10 85PL-11 85PL-12 

35 35 20 

0.6 0.6 0.45 

<0.1 <0.1 <0.1 

Analytical data for the 1989 Phase Ill sampling effort is summarized from the "Closure Certification Report, TA-35 TSL-85 Surface Impoundment" (Benchmark 
Environmental Corporation, 1991). 
Units for all analytical data are micrograms per gram (parts per million). 
Duplicates of all samples were run for selenium; the highest concentration detected is reported in this table. 
"<"indicates metal concentration is less than the given limit of quantitation. 



a 

b 

c 

d 

8 

9 

h 

Constituent 

Antimony 

Selenium 

Classb 

D 

D 

Oral SFc 
(mglkg-dayr1 

1.00 

1.00 

! 

Table 2-2 

Action Levels Determined for Antimony and Selenium In the 
Closure Cenlflcatlon Repon RISk Assessment for the 

Technical Area 35, TSL-85 Surface Impoundment• 

Oral RfDd 
(mg/kg-day) 

0.0004 

0.005 

Risk8 

1.00 

1.00 

Weight' 
(kg) 

10 

10 

LT9 
(yrs) 

lntakeh 
(kg/day) 

0.0002 

0.0002 

A~ 
Eoi 
(yrs) 

1 

Action Level 
(mg/kg) 

Information regarding action level detennination is taken from the "Closure Certification Report, TA-35 TSL-85 Surface Impoundment" (Benchmark Environmental Corporation, 1991 ) .. 
"Class" refers to U.S. Environmental Protection Agency category based on the weight of evidence that a constituent is a potential carcinogen. "D" refers to a systemic (noncarcinogenic) toxicant. 
"SF" refers to a carcinogenic slope factor. Units are (milligrams per kilogram-dayr1

. 
"RfD" refers to a reference dose tor a systemic toxicant. Units are milligrams per kilogram-day. 
"Risk" refers to an assumed risk level based on the class of the constituent. 
"Weight" refers to an assumed weight of an individual. Units are kilograms. 
"L T" refers to an assumed lifetime for an individual. This is not applicable to the scenario evaluated, therefore, the default value was set to one year. Units are years. 
"Intake" refers to an assumed intake for an individual. Units are kilograms per day. 
"AF" refers to an assumed absorption factor. 
"ED" refers to an assumed exposure duration. Units are years. 
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a 
b 

c 

Metal 

Antimony 

Beryllium 

Table 2-3 

Background Antimony and Beryllium 
Concentrations• for Los Alamos National Laboratory 

Sigma Mesa Reporf 

Not Listed 

1.1 - 3.3 

Units are milligrams per kilogram (parts per million). 

Bandelier Reportc 

0.27- 1.59 

1.00- 4.4 

"Sigma Mesa Report" refers to "Sigma Mesa: Background Elemental Concentrations in Soil and 
Vegetation" (Ferenbaugh et al., 1979). 
"Bandelier Report" refers to "Preliminary Background Elemental Concentrations in Bandelier Tuff and 
Selected Soil Series" (Longmire et al., November 1993); refer to Attachment 2-1 of this amendment. 
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ATTACHMENT 2-1 

Telephone Log Summarizing Background 
Concentrations for Selenium, Beryllium, 

and Antimony Determined In the 
Study "Preliminary Background Elemental 

Concentrations In Bandelier Tuff and 
Selected Soli Series" 
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rn INTERNATIONAL 
TECHNOLOGY 
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Other Participants - Name/Location/Representing: 

- f\rA--

Summary (Decisions & Specific Actions Required by Named Persons): 

Aequlrelt Aetlon. 

RECORD OF 
r:f TELECON 

0 MEETING 
Project Name Number Phase Task Subtask 

3CI~ZS 03 0 I 

CALL FROMD;NAME: · 
CALL TO rsf ( ~ CYVY1 . .e.... d. S 0-b D V €:?.. 
Telephone Number: 

Company Name: 

Address: 

City 

State Zip Code 

Prepared by (Signature): 
1---~~~~~~~~~__.l__k_~+-~LJ.:::!::-----j W VV1 GilL l) . K ·Y~.--Gth -e. 1/'--' 

... "···· <stribution· 
Original toP act File 
Copy to Project Manager 
Copy to Preparer 

' .., 
PAGE_I OF~ 
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rn INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Times: 30 ~ 
Other Participants - Name/Location/Representing: 

.- NA--

RECORD OF 
TELECON 

0 MEETING 
Project Name Number Phase Task Subtask I 

CALL FROM ~/NAME: 
CALL TO Ul ·-pc_;}.t- le--y\,(< Vvt 1 ve__ 
CALL FROMD~AME: 
CALL TO r9' 
Telephone Number: 

Company Name: 

Address: 
INC~ a 

Topic Q bi-a{Vl L&\a'vV1·ch...:gd.C k.qYLlA/Vl 
12/V\j Ill GVVV\ 4-- A-111-J,' VV1 qY1 '/ (_J State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

.Jistribution: 
Original to Project File 
Copy to Project Manager 
Copy to Preparer 

1 

PAGE 2. OF _3_ 
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rn INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Time B ·~ 30 cJNv\ 
Other Participants - Name/Location/Representing: 

- NA-

Summary (Decisions & Specific Actions Required by Named Persons): 

RECORD OF 
s"TELECON 

0 MEETING 
Project Name Number Phase Task Subtask 

CALL FROM 0 .,NAME: 17 _J_ j ~ _ 
CALL TO ~ I" d. L.. L..--{; n 

Telephone Number: {0 (:, S _ I 2- (, 4 
Company Name: 

Address: 

City 

State Zip Code 

C. cJ-c C ;;:} l \ ~'l ) ~ Prepared by (Signature): f 

~~~~~~~~~~~a~L~~~s~~~~~~s~~~~ Lc~~~~'D.J~lLccf~e~~ 
"""' .Jistribu ·on: 

1 Ongina o Project File 
Copy to Project Manager 
Copy to Preparer 

0 Other Distributio (By Preparer) 

PAGE ,:)OF _3 

548A·8·87 



ATTACHMENT 2-2 

Material Safety Data Sheet for 1 , 1,1-Trichloroethane 
Used In Buildings 85 and 188 at 

Technical Area 35 
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Material Safety Data Sheets Collection: 

C§P Genlum Publishing Corporation 
1145 Catalyn Street Sheet No. 311 

Schenectady,NY 12303-1836 USA Methyl Chloroform 
(518) 377-8854 

Issued: tins Revision: F, 3/92 
Section I. Material Identification 37 Metbyl Cblorororm (<;H3Cl,) Description: Derived by catalytic addition of hydrogen chloride to 1,1-4ichloroethylene or by R 1 Genlum re-fluxing chlorine monoxide with Cllbon tetrachloride and chloroethane. Available in technical and solvent grades which I 2 

~ 
differ only in the amount of stabilizer added to prevent metal parts corrosion. Used u a solvent for oils, waxes, tars, cleaning s 2* precision instruments, and pesticides; u a component of inks and drain cleaners; in degreasing metals, and textile processing. K 1 In recent years, methyl chloroform (TCE) has found widespread use u a substitute for carbon tetrachloride. 
Otber Deslpadons: CAS No. 71-55~. a-trichloroethane; Inhibisol; 1,1,1-trichloroethane; Strobane; TCE. HMIS Manufacturer: Contact your supplier or distributor. Consult latest Chemical Week Buyers' Guidef'3> for a suppliers lisL H 2 

F 1 Caudons: TCE is a skin, eye, and respiratory tract irritant and can become narcotic with an anesthetic effect at high concentrations. R 1 
• Data on lldn ablorption via methyl chlorofonn is conflicting. <133> Some IUidies show definile absorption where ochen don 'L 

PPG* 
• Sec. 8 Section 2 •.. Ingredients and Occupational Exposure Limits . 

Methyl chloroform. ca 92 to 97%* 
1990 OSHA PELs 1991·92 ACGIH TL Vs 1985-86 To:idc:lty Datat 8-hrTWA: 350ppm (1900 mglm3) TWA: 350 ppm (1910 mg/m3) Human, oral, TDu,: 670 mg/kg produced diarrhea, nausea, and 15-min STEL: 450 ppm (2450 mg/m3) STEL: 450 ppm (2460 mg/m3) vomiting 
1990 IDLH Level 1990 DFG (Germano> MAKs 

Human, inhalation. LC~.o: 27 g/m3/10 min; toxic effects not yet 
reviewed 1000pprn TWA: 200ppm(108 mg/m3) Man, eye: 450 ppm/8 hr produced irritation 

1990 NIOSH REL 
Half-life: 2 hr to shift length Rat, inhalation, Teto: 2100 ppm/24 hr for 14 days prior to Peak Exposure Limit: 1000 ppm/30 15-min Ceiling: 350 ppm (1900 mg/m3) min (average value)/2 per shift mating and from 1 to 20 days of pregnancy produced specific 

developmental abnonnalities of the musculoskelatal system 
• Melby I chlorofonn usually ClOIItains inhibiton (3 to 8%) to prevent COI'I'Oiion of aluminum and 10111e ocher metals. Typical inhibitors are nitromethane, butylene oxide, lleCOIIdary butyl alcobob, ketones, and glycol diesten. 
t See NIOSH, KTECS (KI297SOOO), for additional irritation, mutation, reproductive, and toxicity data. 
Section 3. PbysicaiData 
BoDlq Point: 165 "F (75 "C) Molecular Weight: 133.42 Freezing Point: -22 "F ( -30 "C) Density: 1.3376 at 68/39.8 "F (20/4 "C) Vapor Pressure: 100 mm Hg at 68 "F (20 "C) Water SolubDity: Insoluble Vapor Density (air = 1): 4.55 Otber SolubDltles: Soluble in acetone, alcohol, ether, benzene, Corroslvtty: Readily corrodes aluminum and its alloys carbon tetrachloride, and carbon disulfide Refraction Index: 1.43765 at 69.8 ·p (21 "C) ~ In Saturated Air: 16.7% at n "F (25 "C) Vllcoslty: 0.858 cP at 68 "F (20 "C) Reladve Evaporation Rate (butyl acetate= 1): 12.8 
Appearance and Odor: Colorless liquid with a sweetish. chloroform-like odor. The odor threshold is 44 ppm. 

Section 4. Fire and Explosion Data 
Flasb Point: None (in conventional CC tests) I Autolgnldon Temperature: 932 "F (500 "C) l LEL: 7% v/v I UEL: 16% v/v Extlqulsblng Media: Nol'lCombustible Uqrdd whose wzpor burns in the presence of excess oxygen or a strong ignition source. For small frres, use dry chemical or Cllbon dioxide (C02). For large fires use fog or regular foam. If these materials are unavailable, a water spray may be used but be awue that water reacts slowlh~~ methyl chloroform to release hydrochloric acid. Unusual Fire or Explosion ds: Vapors ue heavier than air and may travel to a strong ignition source and flash back. Air/vapor mixtures may explode when heated. Container ma~lode in heat of fire. Exposure to open flames or arc welding can produce hydrogen chloride and phosgene. Spedal Flre-llptlq Procedures: s burning rate is 2.9 mm/min. Since fire may produce toxic thermal decomposition products, wear a self-contained breathinJ a~s (SCBA) with a full facepiec~ in pressure-4emand or positive-pressure mode. Structural frrefighters'forotective clothing provides linutcd protection. Wear clothing specifi y recommended by the manufacturer for use in frres involving methyl chloro orm. Apply cooling water to container sides until after fire is ex~uished. Stay away from ends of tanks. Isolate area for 1/2 mile if frre involves tank, truck, or rail car. Be aware of runoff from fire control meth . Do not release to sewers or waterways. 
Section 5. Reactivity Data 
StabUity/Polymerlzadon: TCE is stable at room temperature in closed containers under normal storage and handling conditions. Hazardous polymerization can occur in contact with aluminum trichloride. 
Cbemlcal lncompatlbDitles: TCE is incompatible with sodium hydroxide, nitrogen tetroxide, oxy"en (liquid or gas), strong oxidizers, and chemi-cally active metals like aluminum, zinc, and magnesium powders; reacts violently with caustics to orm dichloroacetylene; reacts slowly with water to form hydrochloric acid; forms shock sensitive mixtures with potusium; and polymerizes in contact with aluminum trichloride. Condldons to Avoid: ExCure to moisture, strong ignition sources. and arc-welding units, and contact with incompatibles. Hazardous Products or omposltlon: Thermal oxidative decomposition (temperatures >500 "F, contact with hot metals, or under UV rays) of methyl chloroform can produce carbon dioxide (CO;V and toxic dichloroacetylene, hydrogen chloride, and phosgene gases . 
. Section 6 •. · Health. Hazard Data. 
Cardnotlealc:lty: 1be IARC (Class 3, inadequate evidence),<164l NTP,0"2l and OSHA<164> do not list methyl chloroform as a carcinogen. SuiiiiD8J'Y of Risks: Methyl chloroform is considered one of the least toxic of the liquid chlorinated hydrocarbons. It is irritating to ~s, skin, and respiratory tract. Although low in systemic toxicity, TCE is an anesthetic capable of causing death at high concentrations (>15, ppm), generally ~ly ventilated, enclosed areas. Quick and complete recovery is observed after prompt removal of unconscious persons from area of exposure. · e many other solvents, TCE sensitizes the heart to epinephrine (blood pressure-raising hormone) and may induce cardiac arrhythmias and arrest. 
MedJcal Condldons Agravated by LoJ18·Term Exposure: None reponed. 
Taraet Orpns: Skin, eyes, central nervous (CNS) and cardiovascular (CVS) systems. 

ConJittue on next page 
c..,rialll e 1992 Ooaiam l'ahllobill& Ccapantioll. 
Azrvcormnen::W u.. orf'f!'tr'nrdud'im wfttt"''rl-r .,.,,.. -".......-• ~;..:""' ;. ~:~o.:.~.~ 
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No. 311 Methyl Chlorofonn 3/92 

Section 6. Health Hazard Data, continued 
Primary Entry _Routes: Inhalauon, skin contacL 
Acute Etrects: TCE defats the skin causing irritation, redness, dryness, and scaling. Contact with eyes produces irritation and mild conjunctivitis. Vapor inhalation can cause headache, dizziness, equilibrium disturbances, and in high concentrations may lead to CNS depression, unconsciousness, and coma. During a 60-min exposure period these effects are observed: 100 ppm is the observed odor threshold, at 500 ppm there is obvious odor and decreased reaction time, 1000 ppm causes slight equilibrium loss, at 5000 ppm there is defmite incoordination, and 20,000 ppm produces surgical strength anesthesia with possible death. Mild liver and kidney dysfunction may occur after CNS depression recovery. Although unlikely, if ingestion occurs, symptoms include nausea, vomiting, diarrhea, and possible esophageal burns. The acute lethal human dose is -500 to 5000 mg./kg. Chronic Eft"ects: None reported. 
FIRST AID 
Eyes: Gently lift eyelids and flush immediately and continuously with flooding amounts of water until transported to an emergency medical facility. Do not allow victim to rub or keep eyes tightly shuL Consult a physician immediately. Skin: Quickly remove contaminated clothing. Rinse with flooding amounts of water for at least 15 min. Wash exposed area with soap and water. For reddened or blistered skin, consult a physician. 
Inhalation: Remove exposed person to fresh air and suppon breathing as needed. Ingestion: Never give anything by mouth to an unconscious or convulsing person. Contact a poison control center, and unless they advise otherwise, have that consciou.r and alert person drink 1 to 2 glasses of water to dilute. When deciding whether to induce vomiting, carefully consider amount ingested, time since ingestion, and availability of medical help. If large amounts are recently ingested (absorption into the body is not yet likely to have occurred), and medical help or transportation to a medical facility is not readily available, induce vomiting. Otherwise, vomiting is not recommended since aspiration of vomitus can produce chemical pneumonitis. Alter first aJd, get appropriate in-plant, paramedic, or community medical support. Note to Physicians: Do not use adrenaline or sympathomitnetic arnines in treatment because of the increased cardiac sensitivity involved. Section 7. Spill, Leak, and Disposal Procedures 
Spill/Leak: Immediately llQ.tify safety personnel, isolate area, deny entry, and stay upwind. Shut off all ignition sources. If possible without risk, shut off leak. Cleanup persoMel should wear fully encapsulating vapor-protective clothing. For small spills, take up with earth. sand, vermiculite, or other absorbent. noncombustible material. Using nonsparking tools, place in suitable containers for disposal or reclamation. For large spills, dike far ahead of liquid spill for later disposal or reclamation. R~ any release in excess of 1000 lb. Follow applicable OSHA regulations (29 CFR 1910.120). Environmental Transport: In water, methyl chloroform's half-life is hours to weeks depending on wind and mixing conditions. It is very persistent in groundwater. On land it volatilizes due to its high vapor pressure and leaches extensively. When released to the atmosphere, methyl chloroform can be transported long distances and returned to earth via rain. It is slowly degraded by reaction with hydroxyl radicals and has a half-life of 6 months to 25 years. The Natural Resources Defenses Council reported recently that TCE depletes ozone. Ecotoxlclty Values: Pimepholes promelas (fathead minnow), LC~: 52.8 mgii.J96 hr; Poecilia reticlllala (guppy), LC~ 133 pprn/7 day. Disposal: Contact your supplier or a licensed contractor for detailed recommendations. Follow applicable. rederal, state, and local regulations. EPA Designations OSHA Designations Listed as a RCRA Hazardous Waste (40 CFR 261.33): No. U226 Listed as an Air Contaminant (29 CFR 1910.1000, Table Z-1-A) Listed as a CERCLA Hazardous Substance* (40 CFR 302.4): Reportable Quantity (RQ), 1000 lb (4541tg) [*per RCRA, Sec. 3001, CWA, Sec. 307(a), and CAA. Sec. 112] SARA Extremely Hazardous Substance (40 CFR 355): Not listed 

Listed as a SARA Toxic Chemical (40 CFR 372.65) 
Section 8. Special Protection Data 
Goggles: Wear splash-proof, protective chemical safety goggles or faceshields, per OSHA eye- and face-protection regulations (29 CFR 1910.133). Because contact lens use in industry is controversial, establish your own policy. Respirator: Seek professional advice prior to respirator selection and use. Follow OSHA respirator regulations (29 CFR 1910.134) and, if necessary, wear a MSHAJNIOSH-approved respirator. Select respirator based on its suitability to provide adequate worker protection for given working conditions, level of airborne contamination, and presence of sufficient oxygen. For emergency or nonroutine operations (cleaning spills, reactor vessels, or storage tanks), wear an SCBA. Warning! Air-purifying respirators do not protect workers in oxygen-deficient atmospheres. If respirators are used, OSHA requires a respiratory protection program that includes at least: training, fit-testing, periodic environmental monitoring, maintenance, inspection, cleaning, and convenient. sanitary storage areas. 
Other: Wear chemically protective gloves, boots, aprons, and gauntlets to prevent repeated or prolonged skin contacL Viton and butyl rubber [with breakthrough times (BTs) of >8 hr and 4 to 7.9 hr, respectively] are recommended materials for protective gear. Do 110t use neoprene, polyvinyl chloride (PVC), natural rubber, or polyethylene because these materials have a BT of <1 hr. Ventllatlon: Provide general and local exhaust (in some cases, explosion-proof) ventilation systems to mainlain airborne concentrations below OSHA PELs (Sec. 2). Local exhaust ventilation is preferred since it prevents contaminant dispersion into work area by controlling it at its source.<I03l Safety Stations: Make available in the work area emergency eyewash stations, safety/quick-drench showers, and washing facilities. Contaminated Equipment: Separate contaminated work clothes from street clothes. Launder contaminated work clothing before wearing. Remove this material from your shoes and clean personal protective equipment. 
Comments: Never eat. drink. or smoke in work areas. Practice good personal hygiene after using this material, especially before eating, drinking, smoking, using the toilet. or applying cosmetics. 
Section 9. Special Precautions and Comments 
Storage Requirements: Prevent physical damage to containers. Store in cool, dry, well-ventilated (use pressure-vacuum ventilation) area away from· ignition sources, arc-welding operations, and incompatibles (Sec. 5). Regularly monitor inhibitor levels. Do not store in aluminum containers or use pressure-spraying equipment when methyl chloroform is involved. 
Engineering Controls: To reduce potential health hazards, use sufficient dilution or local exhaust ventilation to control airborne contaminants and to maintain concentrations at the lowest practical level. To prevent static sparks, electrically ground and bond all equipment used in methyl chloroform manufacturing, use, storage, transfer, and shipping. 
Administrative Controls: Consider preplacement and periodic medical exams of exposed work.ers that emphasize CNS, CVS, liver and skin. 

Transportation Data (49 CFR 111.101, .102) DOT Shipping Name: 1,1,1-Trichloroethane IMO Shipping Name: 1,1,1-Trichloroethane DOT Hazard Class: ORM·A IMO Hazard Class: 6.1 ID No.: UN2831 ID No.: UN2831 DOT Label: None IMO Label: St Andrews Cross DOT Packaging Exceptions: 173.505 IMDG Packaging Group: ill DOT Packaging Requirements: 173.605 
MSDS Coll«ti011 References: 2_6

1 38, 731 89, 100, 101, 103, 12.11 126, l_ll\ 132, 133, 136, 148, 153h159, 162, 163.._164 Prepared by: M Gannon, BA; lnaustria~ Hygiene Review: D w ilsoo, \..U1; Medical Review: AC uarlington, MrH, MD; Edited by: JR Stuan, MS 



3.0 PROPOSED SAMPLING AND ANALYSIS PLAN 

This sampling and analysis plan (SAP) presents the proposed Phase VI sampling and analytical 
effort. In order to verify clean closure of the TSL-85 Surface Impoundment (including the 
associated UST and ancillary piping), representative analytical data must document the absence 
of RCRA-regulated hazardous constituents at concentrations above health-based action levels 
or at concentrations that pose an unacceptable risk to human health or the environment. Phase 
VI sampling is required to obtain analytical data of good quality that are representative of the soils 
sampled previously below the surface impoundment (Phase 1), beneath the UST and associated 
piping (Phase Ill), and along the Mortandad Canyon spill path (Phase IV). 

This SAP provides guidance for the additional sampling and analysis in the form of specified 
procedures, tables summarizing analytes for which analyses will be performed, associated 
analytical methods, and figures locating proposed sample locations. All samples will be handled, 
preserved, and documented in accordance with EPA methods as outlined in Enclosure 1 of the 
Closure Certification Report (BEC, 1991 ). All analyses, QA, and QC will follow guidance specified 
in "Test Methods for Evaluating Solid Waste" (SW-846') (U.S. EPA, 1992). If hazardous 
constituents are detected in any of the samples, a risk evaluation will be performed, as outlined 
in Section 4.0 of this amendment. As a result of the risk evaluation, all detected hazardous 
constituents will be addressed as determined appropriate by LANL with NMED approval. 

3.1 PHASE VI SAMPLING OF SOILS BENEATH LOCATION OF FORMER TSL-85 SURFACE 
IMPOUNDMENT 

The analyses performed for Phase I soil samples generated analytical data for VOCs and SVOCs 
that are suspect due to surrogate recovery results outside EPA limits and missed EPA-allowable 
holding times. In addition, the SVOC data were compromised due to interference from 
nonhazardous dielectric waste oil resulting in elevated LOQs. Therefore, Phase VI soil samples 
will be collected in the area of the former surface impoundment at locations representative of the 
locations sampled during Phase I. Six soil samples will be collected at a depth of 2 to 3 feet at 
the approximate locations shown on Figure 3-1. The soil samples will be collected with a hand 
auger in accordance with the procedure described in Section 3.4.1.2, placed in approved 
containers, and preserved appropriately (Table 3-1 ). Samples will be accompanied by the proper 
chain-of-custody and request for analysis forms. LANL's EM-9 will analyze the samples for all 
Appendix VIII VOCs (Table 3-2), SVOCs (Table 3-3), pesticides and herbicides (Table 3-4), and 
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metals (Table 3-5) that their in-house laboratories have the analytical capability to perform (see 

also Section 2.3). Table 3-6 has been provided for reference and summarizes the Appendix VIII 

constituents for which EM-9 can analyze with the associated SW-846 methods. 

3.2 PHASE VI SAMPLING OF SOILS BELOW LOCATION OF FORMER UNDERGROUND 
STORAGE TANK AND ASSOCIATED PIPING 

The analytical data for VOCs, SVOCs, and mercury generated for soil samples collected in 

Phase Ill of the original closure effort were determined to be suspect due to surrogate recovery 

results outside EPA limits and missed EPA-allowable holding times. As a result, Phase VI soil 

samples will be collected from below the approximate location of the former UST and associated 

piping. Twelve soil samples will be collected, following the procedures described in Section 

3.4.1.2, at a depth of 3.5 to 4.5 feet at approximately the same sampling locations as the 

Phase Ill samples. Sampling personnel will attempt to collect these samples below the 

approximate location of the twelve joints in the former PVC pipe that connected the UST and 

Building 85 to the surface impoundment (Fi~ure 3-2). The soil samples will be collected with a 

hand auger in accordance with the procedure described in Section 3.4.1.2, placed in approved 

containers, and preserved appropriately as summarized in Table 3-1. They will be accompanied 

by the proper chain-of-custody and request for analysis forms. The samples will be analyzed for 

VOCs (Table 3-2), SVOCs (Table 3-3), pesticides and herbicides (Table 3-4), and metals (Table 

3-5). 

3.3 PHASE VI SAMPLING OF SOILS ALONG MORTANDAD CANYON SPILL PATH 

The analyses performed for Phase IV soil samples generated analytical data for VOCs, SVOCs, 

and mercury that are suspect due to missed EPA-allowable holding times and surrogate recovery 

results outside EPA limits. Eleven Phase VI soil samples will be collected at a depth of 6 inches 

at approximately the same sampling locations from which the Phase IV samples were taken 

(Figure 3-3). The samples will be collected using a disposable teflon trowel or scoop in 

accordance with the procedure described in Section 3.4.1.1 , placed in approved containers, and 

preserved as stated in Table 3-1. The samples will be accompanied by the proper 

chain-of-custody and request for analysis forms. LANL will analyze the samples for VOCs (Table 

3-2), SVOCs (Table 3-3), pesticides and herbicides (Table 3-4), and metals (Table 3-5). 
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3.4 SAMPLING AND ANALYSIS PROCEDURES 

The following sections were extracted from the Interim Status Closure Plan for the TA-35 TSL-85 
Surface Impoundment (SEC, 1991) (Enclosure 1 of the Closure Certification Report [BEC, 1991 ]). 

The sections define procedures and methods for sampling, analysis, and documentation 
applicable to this SAP. While the procedures and methods are specific, any applicable procedure 
or method defined in SW-846 (most current edition) may be used if conditions or experience 

shows the alternate SW-846 method to be more appropriate. 

Personnel involved with sampling will use proper protective clothing and equipment. LANL's 
Industrial Hygiene and Safety Group (HS-5) will be responsible for assessing hazards and 

determining protective clothing requirements. 

3.4.1 Soil Sampling Procedures 

Soil sampled from the surface to five-foot depths will be collected with a trowel, scoop, or hand

held auger. Only clean sampling equipment will be used for soil sampling. All samples will be 
collected in EPA-approved containers and preserved in accordance with EPA methods 

(Table 3-1 ). 

3.4.1.1 Trowel or Scoop Sampling Procedures 

• Take small, equal portions of sample from the surface or near the surface of the material 
to be sampled. 

• Composite the samples in a glass container. 

• Cap the container, affix the seal, attach a label, follow proper preservation requirements, 
record in field logbook, and complete the sample analysis request sheet and chain-of
custody record. 

• Deliver the samples to the EM-9 laboratory for analysis. 

3.4.1.2 Hand Auger Sampling Procedures 

• Attach hand auger to the bottom of a length of pipe that has a cross arm at the top. 

• Drill hole by turning the cross arm and pressing auger into the ground to the desired 
depth. Add additional lengths of pipe as required. 
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• Once filled with soil, withdraw the auger from the hole and retrieve the soil sample. 

• Store the core sample in an appropriate sample container and follow proper preservation 
requirements (Table 3-1). 

Affix the seal, label the sample, record in the field logbook, complete sample analysis 
request sheet and chain-of-custody record, and deliver the samples to the EM-9 
laboratory for analysis. 

3.4.2 Rinsate Sampling Procedures 

A composite liquid waste sampler (Coliwasa) or similar device will be used to sample rinsate from 
equipment cleaning. As an alternative to the Coliwasa, disposable Coliwasas or glass tubes may 
also be used to sample liquids. The primary advantage in utilizing a disposable Coliwasa is that 
it will be disposed as appropriate after each sample is collected, thus eliminating the potential for 
cross contamination. 

3.4.2.1 Sampler Preparation 

The Coliwasa sampler will be cleaned before each use. The sampler will be washed with a warm 
detergent solution (Uquinox~ or Alconox~. rinsed several times with tap water, rinsed with 
distilled water, drained of excess water, and air-dried or wiped dry. A necessary piece of 
equipment for cleaning the tube of the Coliwasa is a bottle brush that fits tightly inside the 
diameter of the tube. The brush is connected to a rod of sufficient length to reach the entire 
length of the sampler tube. Using this ramrod and fiber-reinforced paper towels, the Coliwasa 
tube can be cleaned quickly. Clean Coliwasa samplers will be stored in polyethylene plastic 
tubes or bags in a clean and protected area until they are used. 

3.4.2.2 Sampling Procedures 

Wear appropriate protective clothing and gear as determined by HS-5. 

• Assemble the clean glass or disposable Coliwasa sampler. 

• Slowly lower the Coliwasa sampler into the liquid at a rate that permits the levels of the 
liquid inside and outside the sampler tube to remain the same. 

• When the sampler reaches the bottom of the liquid, slowly withdraw the sampler with 
one hand while wiping the sampler tube with a clean disposable cloth with the other 
hand. 
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• Carefully discharge the sample into a glass container by slowly lifting the inner glass 
tube of the Coliwasa; cap the glass container, attach a label and seal. 

Follow appropriate preservation requirements as outlined in SW-846. 

• Record in the field logbook and complete the sample analysis request sheet and chain
of-custody record. 

Deliver the samples to the EM-9 laboratory for analysis. 

3.4.3 Sample Handling and Documentation 

Sample containers will be sealed with a gummed paper seal attached to the container in such a 

way that the seal must be broken in order to open the container. The seal and sample label will 

be completed with a waterproof pen. The sample label is necessary to prevent misidentification 

of samples. Field information, in the case of soil sampling, shall include observations such as 

the soil texture and surface appearance, ambient temperature and cloud cover at the time of 

sampling, and precipitation conditions 24 hours before sampling. A chain-of-custody form is 

necessary to trace sample possession from the time of collection and must accompany every 

sample. A closure sampling log will be kept and will contain all information pertinent to field 

surveys/investigation, sampling, and analysis. Sampling situations vary widely. No specific rule 

can be given as to the extent of information that must be entered in the logbook. A good general 

rule, however, is to record sufficient information so that someone can reconstruct the sampling 

event without relying on the collector's memory. 

The sampling shipment and chain-of-custody record will be accompanied by a sample analysis 

request sheet. The request sheet has two parts: field and laboratory. The field portion of this 

form will be completed by the person collecting the sample and will include most of the pertinent 

information noted in the logbook. The laboratory portion is intended to be completeq by the 

laboratory personnel when the sample is received. 

3.4.4 Sample Analysis 

All analyses, QA, and QC will follow methods defined in SW-846. The analytical methods 

expected to be employed for analysis of samples collected during closure activities are denoted 

in Table 3-6. 
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3.5 EQUIPMENT DECONTAMINATION 

Prior to use, equipment will be rinsed with distilled water. A representative sample of the wash 
water, prior to use, and the rinsate will be collected, preserved, and analyzed in accordance with 
the procedures described in Section 3.4.2 and outlined in SW-846. The samples will be analyzed 
for all Appendix VIII VOCs (Table 3-2), SVOCs (Table 3-3), pesticides and herbicides {Table 3-4), 
and metals {Table 3-5) that LANL's EM-9 in-house laboratories have the analytical capability to 
perform. These analyses will determine if the wash water or the equipment is contaminated with 
hazardous constituents prior to use. Any equipment that cannot be decontaminated will be 
disposed as hazardous waste. Representative samples of the final rinsate will also be collected 
and analyzed as described in Section 3.4.2. Protective clothing utilized during the sampling effort 
will be collected and disposed as hazardous waste at an off-site RCRA-permitted facility. 
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Table ~1 

Soli Sample Containers and Preservatives 

Container Container 
Constituent Type Size Preservative 
Volatile Organic Glass, silica/teflon (2) 40 mi. Cool to 4ocb 
Compounds septa 

Semivolatile Organic Glass, silica/teflon 250 ml Cool to 4°C Compounds septa 

Metals Glass, silica/teflon 250 ml Cool to 4°C 
septa 

a Units are milliliters. b "°C" refers to degrees Celsius. 



a 
b 

c 

Table 3-2 

EM-9's• Volatile Organic Compound 
Analytical Capabllhles by SW-84tl Method 8260 

Acetonitrile 
Acrolein 
Acrylonitrile 
Allyl chloride 
Benzene 
Bromoform 
Carbon disulfide 
Carbon tetrachloride 
Chlorinated ethane, NOSC 
Chlorobenzene 
2-Chloroethyl vinyl ether 
Chloroform 
1 ,2-Dibromo-3-chloropropane 
1 ,4-Dichloro-2-butene 
Dichlorodifluoromethane 
Dichloroethylene, NOS 
1 , 1-Dichloroethylene 
1 ,2-Dichloroethylene 
Dichloropropane, NOS 
Dichloropropene, NOS 
1 ,3-Dichloropropene 
Ethyl methacrylate 
Isobutyl alcohol 
Methyacrylonitrile 
Methyl bromide 
Methyl chloride 
Methyl chloroform 
Methyl ethyl ketone 
Methyl iodide 
Methylacrylonitrile 
Methylene bromide 
Methylene chloride 
Tetrachloroethane, NOS 
Tetrachloroethylene 
1,1, 1 ,2-Tetrachloroethane 
1,1 ,2,2-Tetrachloroethane 
Toluene 
Trichloroethylene 
1,1 ,2-Trichloroethane 
Trichloromonofluoromethane 
Trichloropropane, NOS 
Vinyl chloride 

"EM-9" refers to the Los Alamos National Laboratory's Environmental Chemistry Group. 
"SW-846" refers to "Test Methods for Evaluating Solid Waste" (U.S. Environmental Protection Agency, 
1992). 
"NOS" is defined as "not otherwise specified." 



a 

b 

c 

Table 3-3 

EM-9's• Semlvolatlle Organic Compound 
Analytical Capabilities by SW-8~ Method 8270 

Aniline 
Benz( a) anthracene 
Benzidine 
Benzo(b )fluoranthene 
Benzo( a)pyrene 
4-Bromophenyl phenyl ether 
Butyl benzyl phthalate 
Chlorinated naphthalene, 
Nose 
p-Chloroaniline 
p-Chloro-m-cresol 
beta-Chloronaphthalene 
a-Chlorophenol 
Chrysene 
Cresols, NOS 
Dibenz( a,h )anthracene 
Dibutyl phthalate 
Dichlorobenzene, NOS 
m-Dichlorobenzene 
a-Dichlorobenzene 
p-Dichlorobenzene 
3,3-Dichlorobenzidine 
2,4-Dichlorophenol 
Diethyl phthalate 
Diethylhexylphthalate 
Dimethyl phthalate 

2,4-Dimethylphenol 
4,6-Dinitro-o-cresol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-octyl phthalate 
Fluoranthene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
lndeno{1 ,2,3-cd}pyrene 
Naphthalene 
Nitric oxide 
p-Nitroaniline 
Nitrobenzene 
p-Nitrophenol 
N-Nitrosodimethylamine 
Pentachlorophenol 
Phenol 
Phthalic acid esters, NOS 
1 ,2,4-Trichlorobenzene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

"EM-9" refers to the Los Alamos National Laboratory's Environmental Chemistry Group. 
"SW-848' refers to "Test Methods for Evaluating Solid Waste" (U.S. Environmental Protection 
Agency, 1992). 
"NOS" is defined as "not otherwise specified." 



a 
b 

Table 3-4 

EM-9's• Pesticide and Herbicide Analytical Capabilities 
by SW-84£1 Methods 8080/8150 

8080 

Aldrin 
Chlordane 
DOD 
DOE 
DDT 
Dieldrin 
Endosulfan I and II 
Endrin 
Endrin metabolites 
Heptachlor 
Heptachlor epoxide 
Heptachlor epoxide a,b,g 
isomers 
Lindane 
Methoxychlor 
Toxaphene 

2,4-D 

8150 

2,4-D salts and esters 
Dinoseb 
Silver (2,4,5-tp) 
2,4,5-T 

"EM-9" refers to the Los Alamos National Laboratory's Environmental Chemistry Group. 
"SW-846' refers to "Test Methods for Evaluating Solid Waste" (U.S. Environmental Protection 
Agency, 1992). 



a 

b 
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Table 3-5 

EM-9's• Metal Analytical Capabilities 
by sw-8411 Methods sooonooo 

Antimony 
Antimony compounds, NOSe 
Arsenic 
Arsenic acid 
Arsenic compounds, NOS 
Arsenic pentoxide 
Arsenic trioxide 
Barium 
Barium compounds, NOS 
Barium cyanide 
Beryllium 
Beryllium compounds, NOS 
Cadmium 
Cadmium compounds, NOS 
Calcium chromate 
Calcium cyanide 
Chromium 
Chromium comP<>unds, NOS 
Lead 
Lead acetate 
Lead compounds, NOS 
Lead phosphate 
Lead subacetate 
Mercury 
Nickel 
Nickel compounds, NOS 
Nickel cyanide 
Selenium compounds, NOS 
Selenium dioxide 
Selenium sulfide 
Silver 
Silver compounds, NOS 
Silver cyanide 
Thallic oxide 
Thallium 
Thallium compounds, NOS 
Thallium (i) acetate 
Thallium (i) carbonate 
Thallium (i) chloride 
Thallium (i) nitrate 
Thallium selenite 
Thallium (i) sulfate 

"EM-9" refers to the Los Alamos National Laboratory's Environmental Chemistry Group. 
"SW-846' refers to "Test Methods for Evaluating Solid Waste" (U.S. Environmental Protection Agency, 
1992). 
"NOS" is defined as "not otherwise specified." 



Table 3-6 

Comparison of Appendix vm• and Associated SW-8411 Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Acetonitrile 
Acetophenone 
2-Acetaminefluorene 
Acetyl chloride 
1-Acetyl-2-thiorurea 
Acrolein 
Acrylamide 
Acrylonitrile 
Aflatoxins 
Aldicarb 
Aldrin 
Allyl alcohol 
Allyl chloride 
Aluminum phosphide 
4-Aminobiphenyl 
5-(Aminomethyl)-3-isooxazolol 
4-Aminopyridine 
Amitrole 
Ammonium vanadate 
Aniline 
Antimony 
Antimony compounds, NOSd 
Aramite 
Arsenic 
Arsenic compounds, NOS 
Arsenic acid 
Arsenic pentoxide 
Arsenic trioxide 
Auramine 
Azaserine 
Barium 
Barium compounds, NOS 
Barium cyanide 
Benz(c)acridine 
Benz( a)anthracene 
Benzal chloride 
Benzene 
Benzenearsonic acid 
Benzidine 
Benzo(b )fluoranthene 
Benzo(j)fluoranthene 
Benzo( a)pyrene 
p-Benzoquinone 
Benzotrichloride 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

Acetonitrile 

Acrolein 

Acrylonitrile 

Aldrin 

Allyl chloride 

Aniline 
Antimony 
Antimony compounds, NOS 

Arsenic 
Arsenic compounds, NOS 
Arsenic acid 
Arsenic pentoxide 
Arsenic trioxide 

Barium 
Barium compounds, NOS 
Barium cyanide 

Benz( a) anthracene 

Benzene 

Benzidine 
Benzo(b )fluoranthene 

Benzo( a)pyrene 

SW-846 
Method 

8260 
8270 
8270 

8270 
8260 

8260 

8080 

8260 

8270 

8270 
600017000 
600017000 

8270 
600017000 
600017000 
600017000 
600017000 
600017000 

600017000 
600017000 
600017000 

8270 

8260 

8270 
8270 

8270 
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Table 3-6 (Continued) 

Comparison of Appendix vm• and Associated SW-84tl Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Benzyl chloride 
Beryllium 
Beryllium compounds, NOS 
Bromoacetone 
Bromoform 
4-Bromophenyl phenyl ether 
Bricine 
Butyl benzyl phthalate 
Cacodylic acid 
Cadmium 
Cadmium compounds, NOS 
Calcium chromate 
Calcium cyanide 
Carbon disulfide 
Carbon oxyfluoride 
Carbon tetrachloride 
Chloral 
Chlordane 
Chlordane (a and g isomers) 
Chlorinated benzenes, NOS 
Chlorinated ethane, NOS 
Chlorinated fluorocarbons, NOS 
Chlorinated naphthalene, NOS 
Chlorinated phenol, NOS 
Chlornaphazin 
Chloroacetaldehyde 
Chloroalkyl ethers, NOS 
p-Chloroaniline 
Chlorobenzene 
Chlorobenzilate 
p-Chloro-m-cresol 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethyl methyl ether 
beta-Chloronaphthalene 
a-Chlorophenol 
1-(o-Chlorophenyl)thiourea 
Chloroprene 
3-Chloropropionitrile 
Chromium 
Chromium compounds, NOS 
Chrysene 
Citrus red No. 2 
Coal tar creosote 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

Beryllium 
Beryllium compounds, NOS 

Bromoform 
4-Bromophenyl phenyl ether 

Butyl benzyl phthalate 

Cadmium 
Cadmium compounds, NOS 
Calcium chromate 
Calcium cyanide 
Carbon disulfide 

Carbon tetrachloride 

Chlordane 

Chlorinated ethane, NOS 

Chlorinated naphthalene, NOS 

p-Chloroaniline 
Chlorobenzene 

p-Chloro-m-cresol 
2-Chloroethyl vinyl ether 
Chloroform 

beta-Chloronaphthalene 
a-Chlorophenol 

Chromium 
Chromium compounds, NOS 
Chrysene 

SW-846 
Method 

600017000 
600017000 

8260 
8270 

8270 

600017000 
600017000 
600017000 
600017000 

8260 

8260 

8080 

8260 

8270 

8270 
8260 
8270 
8270 
8260 
8260 

8270 
8270 

600017000 
600017000 

8270 
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Table 3-6 (Continued) 

Comparison of Appendix vm• and Associated SW-84~ Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Copper cyanide 
Creosote 
Cresols, NOS 
Crotonaldehyde 
Cyanides, NOS 
Cyanogen 
Cyanogen bromide 
Cyanogen chloride 
Cycasin 
2-Cyclohexyl-2,6-dinitrophenol 
Cyclophosphamide 
2,4-0 
2,4-0 salts and esters 
Daunomycin 
DOD 
DOE 
DDT 
Diallate 
Oibenz(a,h)acridine 
Dibenz( a,j)acridine 
Dibenz(a,h)anthracene 
Dibenzo carbazole 
Dibenzo(a,e)pyrene 
Dibenzo(a,h)pyrene 
Dibenzo(a,i)pyrene 
1 ,2-Dibromo-3-chloropropane 
Dibutyl phthalate 
o-Oichlorobenzene 
m-Dichlorobenzene 
p-Oichlorobenzene 
Dichlorobenzene, NOS 
3,3-Dichlorobenzidine 
1 ,4-Dichloro-2-butene 
Dichlorodifluoromethane 
Dichloroethylene, NOS 
1 , 1-Dichloroethylene 
1 ,2-Dichloroethylene 
Dichloroethyl ether 
Dichloroisopropyl ether 
Dichloromethoxy ethane 
Dichloromethyl ether 
2, 4-Dichlorophenol 
2,6-0ichlorophenol 
Dichlorophenylarsine 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

Cresols, NOS 

2,4-0 
2,4-0 salts and esters 

DOD 
DOE 
DDT 

Dibenz( a, h)anthracene 

1 ,2-0ibromo-3-chloropropane 
Dibutyl phthalate 
o-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
Dichlorobenzene, NOS 
3,3-Dichlorobenzidine 
1 ,4-Dichloro-2-butene 
Dichlorodifluoromethane 
Dichloroethylene, NOS 
1, 1-Dichloroethylene 
1 ,2-Dichloroethylene 

2,4-Dichlorophenol 

SW-846 
Method 

8270 

8150 
8150 

8080 
8080 
8080 
8270 

8270 
8270 

8260 
8270 
8270 
8270 
8270 
8270 
8270 
8260 
8260 
8260 
8260 
8260 

8270 
8270 



Table 3-6 (Continued) 

Comparison of Appendix vm• and Associated SW-84(/l Methods with 
EM-9'sc Analytical capabilities 

EM-9 Analytical SW-846 
Appendix VIII Capabilities Method 

Dichloropropane, NOS Dichloropropane, NOS 8260 
Dichloropropanol, NOS 
Dichloropropene, NOS Dichloropropene, NOS 8260 
1 ,3-Dichloropropene 1 ,3-Dichloropropene 8260 
Dieldrin Dieldrin 8080 
1 ,2,3,4-Diepoxybutane 
Diethylarsine 
1 ,4-Diethyleneoxide 
Diethylhexylphthalate Diethylhexylphthalate 8270 
N,N-Diethyl hydrazine 
0 ,0-Diethyl s-methyl dithiophosphate 
Diethyl-p-nitrophenyl phosphate 
Oiethyl phthalate Diethyl phthalate 8270 
0,0-Diethyl o-pyrazinyl 

phosphorothioate 
Diethylstilbesterol 
Dihydrosafrole 
Diisopropylfluorophosphate 
Dimethoate 8270 
3,3'-Dimethoxybenzidine 
p-Dimethylaminoazobenzene 8270 
7, 12-Dirnethylbenz(a)anthracene 8270 
3,3'-Dimethylbenzidine 8270 
Dimethylcarbarnoyl chloride 
1, 1-Dimethyl hydrazine 
1 ,2-Dimethyl hydrazine 
a,a-Dimethylphenethylamine 8270 
2, 4-Dimethylphenol 2, 4-Dimethylphenol 8270 
Dimethyl phthalate Dimethyl phthalate 8270 
Dimethyl sulfate 
Dinitrobenzene, NOS 8270 
4,6-Dinitro-o-cresol 4,6-Dinitro-o-cresol 8270 
4,6-Dinitro-o-cresol salts 
2,4-Dinitrophenol 2,4-Dinitrophenol 8270 
2,4-Dinitrotoluene 2,4-Dinitrotoluene 8270 
2,6-Dinitrotoluene 2,6-Dinitrotoluene 8270 
Dinoseb Dinoseb 8150 
Oi-n-octyl phthalate Di-n-octyl phthalate 8270 
Diphenylamine 8270 
1 ,2-Diphenylhydrazine 8270 
Di-n-propyinitrosamine 
Disulfoton 8270 
Dithiobiuret 
Endosulfan I and II Endosulfan I and II 8080 

,, 

See footnotes at end of table. 



Table 3-6 (Continued) 

Comparison of Appendix vm• and Associated sw-8411 Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Endothall 
Endrin 
Endrin metabolites 
Epichlorohydrin 
Epinephrine 
Ethyl carbamate 
Ethyl cyanide 
Ethylenebisdithiocarbamic acid 
Ethylenebisdithiocarbamic acid, 

salts and esters 
Ethylene dibromide 
Ethylene dichloride 
Ethylene glycol monoethyl ether 
Ethyleneimine 
Ethylene oxide 
Ethylenethiourea 
Ethylidene dichloride 
Ethyl methacrylate 
Ethyl methanesulfonate 
Famphur 
Fluoranthene 
Fluorine 
Fluoroacetamide 
Fluoroacetic acid sodium salt 
Formaldehyde 
Formic acid 
Glycidyaldehyde 
Halomethanes, NOS 
Heptachlor 
Heptachlor epoxide 
Heptachlor epoxide a,b,g isomers 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachlorodibenzo-p-dloxin 
Hexachlorodibenzofurans 
Hexachloroethane 
Hexachlorophene 
Hexachloropropene 
Hexaethyl tetraphosphate 
Hydrazine 
Hydrogen cyanide 
Hydrogen fluoride 
Hydrogen sulfide 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

Endrin 
Endrin metabolites 

Ethyl methacrylate 

Fluoranthene 

Heptachlor 
Heptachlor epoxide 
Heptachlor epoxide a,b,g isomers 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 

Hexachloroethane 

SW-846 
Method 

8080 
8080 

8260 
8270 
8270 
8270 

8080 
8080 
8080 
8270 
8270 
8270 
8280 
8280 
8270 
8270 
8270 



Table 3-6 (Continued) 

COmparison of Appendix vm• and Associated SW-84fl Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

lndeno{1,2,3-cd}pyrene 
Isobutyl alcohol 
lsodrin 
lsosafrole 
Kepone 
Lasiocaprine 
Lead 
Lead compounds, NOS 
Lead acetate 
Lead phosphate 
Lead subacetate 
Lindane 
Maleic anhydride 
Maleic hydrazide 
Malononitrile 
Melphalan 
Mercury 
Mercury compounds, NOS 
Mercury fulminate 
Methyacrylonitrile 
Methapyrilene 
Methomyl 
Methoxychlor 
Methyl bromide 
Methyl chloride 
Methyl chlorocarbonate 
Methyl chloroform 
Methylcholanthrene 
Methylenebis(2-chloroaniline) 
Methylene bromide 
Methylene chloride 
Methyl ethyl ketone 
Methylethyl ketone peroxide 
Methyl hydrazine 
Methyl iodide 
Methyl isocyanate 
Methylacrylonitrile 
Methyl methacrylate 
Methyl methanesulfonate 
Methyl parathion 
Methylthiouracil 
Mitomycin C 
MNNG 
Mustard gas 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

I ndeno{ 1 ,2,3-cd}pyrene 
Isobutyl alcohol 

Lead 
Lead compounds, NOS 
Lead acetate 
Lead phosphate 
Lead subacetate 
Lindane 

Mercury 

Methyacrylonitrile 

Methoxychlor 
Methyl bromide 
Methyl chloride 

Methyl chloroform 

Methylene bromide 
Methylene chloride 
Methyl ethyl ketone 

Methyl iodide 

Methylacrylonitrile 

SW-846 
Method 

8270 
8260 
8270 
8270 
8270 

600017000 
600017000 
6000/7000 
6000/7000 
6000/7000 

8080 

6000/7000 

8260 
8270 

8080 
8260 
8260 

8260 
8270 
8270 
8260 
8260 
8260 

8260 

8260 
8260 
8270 
8270 
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Table 3-6 {Continued) 

Comparison of Appendix vm• and Associated sw-841' Methods with 
EM-9'sc Analytical capabilities 

Appendix VIII 

Naphthalene 
1 ,4-Napthoquinone 
a-Napthylamine 
b-Napthylamine 
a-Naphthylthiourea 
Nickel 
Nickel compounds, NOS 
Nickel carbonyl 
Nickel cyanide 
Nicotine 
Nicotine salts 
Nitric oxide 
p-Nitroaniline 
Nitrobenzene 
Nitrogen dioxide 
Nitrogen mustard 
Nitrogen mustard, hydrochloric 

acid salt 
Nitrogen mustard n-oxide 
Nitrogen mustard, n-oxide, 

hydrochloride salt 
Nitroglycerin 
p-Nitrophenol 
2-Nitropropane 
Nitrosoamines, NOS 
N-Nitrosodi-n-butylamine 
N-Nitrosodiethanolamine 
N-Nitrosodiethylamine 
N-Nitrosodimethylamine 
N-Nitroso-n-ethylurea 
N-Nitrosomethylethylamine 
N-Nitroso-n-methylurea 
N-Nitroso-n-methylurethane 
N-Nitrosomethylvinylamine 
N-Nitrosornorpholine 
N-Nitrosonomicotine 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 
N-Nitrososarcosine 
5-Nitro-o-toluidine 
Octamethylpyrophosphoramide 
Osmium tetroxide 
Paraldehyde 
Parathion 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

Naphthalene 

Nickel 
Nickel compounds, NOS 

Nickel cyanide 

Nitric oxide 
p-Nitroaniline 
Nitrobenzene 

p-Nitrophenol 

N-Nitrosodimethylamine 

SW-846 
Method 

8270 
8270 
8270 
8270 

6000/7000 
6000/7000 

6000/7000 

8270 
8270 
8270 

8270 

8270 
8270 

8270 
8270 

8270 

8270 

8270 
8270 

8270 
8270 

8270 



Table 3-6 (Continued) 

Comparison of Appendix vm• and Associated SW-84~ Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Pentachlorobenzene 
Pentachlorodibenzo-p-dioxins 
Pentachlorodisbezofurans 
Pentachloroethane 
Pentachloronitrobenzene 
Pentachlorophenol 
Phenacetin 
Phenol 
Phenylenediamine 
Phenylmercury acetate 
Phenylthiourea 
Phosgene 
Phosphine 
Phorate 
Phthalic acid esters, NOS 
Phthalic anhydride 
2-Picoline 
Polychlorinated biphenyls, NOS 
Potassium cyanide 
Potassium silver cyanide 
Pronamide 
1,3-Propane sulfone 
n-Propylamine 
Propargyl alcohol 
Propylene dichloride 
1,2-Propyleneimine 
Propylthiouracil 
Pyridine 
Reserpine 
Resorcinal 
Saccharin 
Saccharin salts 
Sat role 
Selenium compounds, NOS 
Selenium dioxide 
Selenium sulfide 
Selenourea 
Silver 
Silver compounds, NOS 
Silver cyanide 
Silver (2,4,5-tp) 
Sodium cyanide 
Streptozotocin 
Strychnine 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

Pentachlorophenol 

Phenol 

Phthalic acid esters, NOS 

Polychlorinated biphenyls, NOS 

Selenium compounds, NOS 
Selenium dioxide 
Selenium sulfide 

Silver 
Silver compounds, NOS 
Silver cyanide 
Silver (2,4,5-tp) 

SW-846 
Method 

8270 
8280 
8280 

8260/8270 
8270 
8270 
8270 
8270 
8270 

8270 
8270 
8270 
8270 
8080 

8270 

8270 

8270 

8270 
6000/7000 
6000/7000 
6000/7000 

6000/7000 
6000/7000 
6000/7000 

8150 



Table 3-6 (Continued) 

Comparison of Appendix vm• and Associated SW-84tl' Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Strychnine salts 
2,3,7,8-TCDD 
1 ,2,4,5-Tetrachlorobenzene 
Tetrachlorodibenzo-p-dioxins 
Tetrachlorodibenzofurans 
Tetrachloroethane, NOS 
1, 1,1 ,2-Tetrachloroethane 
1,1 ,2,2-Tetrachloroethane 
Tetrachloroethylene 
2,3,4,6-Tetrachlorophenol 
Tetraethyldithiopyrophosphate 
Tetraethyl lead 
Tetraethyl pyrophosphate 
Tetranitromethane 
Thallium 
Thallium compounds, NOS 
Thallic oxide 
Thallium (i) acetate 
Thallium (i) carbonate 
Thallium (i) chloride 
Thallium (i) nitrate 
Thallium selenite 
Thallium (i) sulfate 
Thioacetamide 
Thiofanox 
Thiomethanol 
Thiophenol 
Thiosemicarbizide 
Thiourea 
Thiram 
Toluene 
Toluenediamine 
Toluene-2,4-diamine 
Toluene-2,6-diamine 
Toluene-3 ,4-diamine 
Toluene diisocyanate 
a-Toluidine 
o-Toluidine hydrochloride 
p-Toluidine 
Toxaphene 
1 ,2,4-Trichlorobenzene 
1,1 ,2-Trichloroethane 
Trichloroethylene 
Trichloromethanethiol 

See footnotes at end of table. 

EM-9 Analytical 
Capabilities 

Tetrachloroethane, NOS 
1,1, 1,2-Tetrachloroethane 
1,1 ,2,2-Tetrachloroethane 
Tetrachloroethylene 

Thallium 
Thallium compounds, NOS 
Thallic oxide 
Thallium (i) acetate 
Thallium (i) carbonate 
Thallium (i) chloride 
Thallium (i) nitrate 
Thallium selenite 
Thallium (i) sulfate 

Toluene 

Toxaphene 
1 ,2,4-Trichlorobenzene 
1,1 ,2-Trichloroethane 
Trichloroethylene 

SW-846 
Method 

8280 
8270 
8280 
8280 
8260 
8260 
8260 
8260 
8270 

6000/7000 
6000/7000 
6000/7000 
6000/7000 
6000!7000 
6000!7000 
6000!7000 
6000!7000 
6000/7000 

8270 

8260 

8270 

8080 
8270 
8260 
8260 
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Table 3-6 (Continued) 

Comparison of Appendix vm• and Associated SW-84~ Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Trichloromonofluoromethane 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4,5-T 
Trichloropropane, NOS 
Tris( 1-aziridinyl)phosphine sulfide 
Tris(2,3-dibromopropyl)phosphate 
Trypan blue 
Uracil mustard 
Vanadium pentoxide 
Vinyl chloride 
Warfarin 
Warfarin salts at cone. < 0.3% 
Warfarin salts at cone. > 0.3% 
Zinc cyanide 
Zinc phosphide 

EM-9 Analytical 
Capabilities 

Trichloromonofluoromethane 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4,5-T 
Trichloropropane, NOS 

Vinyl chloride 

SW-846 
Method 

8260 
8270 
8270 
8150 
8260 

8270 

8260 

a "Appendix VIII" refers to the New Mexico Hazardous Waste Management Regulations, Revision 7 
(HWMR-7) pt, II, Part 261, Appendix VIII. 

b "SW-848' refers to "Test Methods for Evaluating Solid Waste" (U.S. Environmental Protection Agency, 
1992). 

c "EM-9" refers to the Los Alamos National Laboratory's Environmental Chemistry Group. 
d "NOS" is defined as "not otherwise specified." 
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4.0 PROPOSED RISK EVALUATION 

The risk evaluation proposed in this amendment to the Closure Certification Report for the TA-35 
TSL-85 Surface Impoundment consists of calculation of 1) health-based soil concentration action 
levels, 2) aggregate hazard index for systemic toxicants, and 3) aggregate risk for carcinogens. 
Three areas of concern associated with the surface impoundment have been identified: the area 
of the impoundment itself, soils beneath the UST and associated piping, and soils along the spill 
path route downslope from the surface impoundment into Mortandad Canyon. A separate risk 
evaluation will be performed for each of the three areas using Phase VI analytical results in 
combination with validated Phase I through V data, as appropriate. 

4.1 CALCULATION OF ACTION LEVELS 

Health-based soil concentration action levels will be calculated for the constituents listed in Tables 
3-2 through 3-5 only if a slope factor and/or reference dose are available in the most current IRIS 
database. The health-based action levels will be calculated using procedures and assumptions 
outlined in proposed RCRA SubpartS (Federal Register, Volume 55, No. 145, pp. 30815-20 and 
30865-73) for the soil ingestion pathway only. The relevant portions of proposed SubpartS are 
included in this amendment as Appendix C. Per EPA guidance, the receptor is assumed to be 
a child for calculating health-based action levels for systemic toxicants; the receptor is assumed 
to be an adult for calculating health-based action levels for carcinogenic constituents. 

The governing equation for calculation of health-based action levels for systemic toxicants is: 

C = (RfD*W)/(I*CF) 

where: 

C = health-based action level in the soil (milligrams per kilogram [mglkg]) 
-

RfD =reference dose, constituent specific, from current IRIS database (mg/kg/day) 
W = body weight, 16 kg child (Appendix D of Subpart S) 

I = soil intake, 0.2 gram (g)/day (Appendix D of Subpart S) 

CF = conversion factor (0.001 kg/g) 
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The governing equation for calculation of health-based action levels for carcinogenic constituents 
is: 

C = (R*W*L T)/(SF*I*ED*CF) 

where: 

C = health-based action level in the soil (mglkg) 

A = assumed risk level (dimensionless) (1 o.a for class A & B; 1 o-5 for class C carcinogens) 

W = body weight, 70 kg (Appendix D of Subpart S) 

L T = assumed lifetime, 70 years (Appendix D of Subpart S) 

SF= carcinogenic slope factor, constituent specific, from current IRIS database [(mg/kg/dayr1J 
I = soil intake, 0.1 g/day (Appendix D of Subpart S) 

ED= exposure duration, 70 years (Appendix D of SubpartS) 

CF = conversion factor (0.001 kg/g) 

4.2 CALCULATION OF AGGREGATE HAZARD AND AGGREGATE RISK 

The hazard quotient or risk associated with individual constituents can be calculated for the soil 
ingestion pathway using the approach presented in EPA's "Risk Assessment Guidance for 
Superfund, Volume I, Human Health Evaluation Manual (Part A)" (EPA/540/1-89/002, December 

1989) (RAGS). Aggregate hazard and risk indices are normally calculated for a site by summing 

these individual hazard quotients and risks, respectively, over the major constituents that are 

observed at a given site. 

A complete risk assessment entails a site-specific exposure assessment from which reasonable 

maximum intake of constituents by various exposure routes can be derived. For the three areas 

associated with the former TSL-85 Surface Impoundment at TA-35, however, the conservative 

intake assumptions of Appendix D of proposed Subpart S (i.e., direct soH ingestion rates "of 0.1 

g/day for an adult and 0.2 g/day for a child) will be used because the observed levels are too low 

to warrant a more extensive calculation. The equation for calculation of intake is: 

Intake (mg/kg-day) = (CS*IR*CF*FI*EF*ED)/(W*AT) 
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where: 

CS = exposure concentration of the constituent in soil (see below) (mg/kg) 

IR = ingestion rate: 200 mg/day for child; 100 mg/day for adult 

CF = conversion factor: 1 o-e kg/mg 

Fl = fraction ingested: conservatively set to 1.0 (dimensionless) 

EF = exposure frequency: 365 days/year 

ED= exposure duration: 70 years 

W = body weight: 16 kg for child; 70 kg for adult 

AT = averaging time: 70 years (25,550 days) 

Hazard and risk will be calculated for the soil ingestion pathway only for constituents for which 

a reference dose and/or slope factor are available in the most current IRIS database. After the 

individual hazard quotients and risks are calculated, they will be summed based on the approach 

identified in RAGS to develop the aggregate hazard index and aggregate risk for each of the 

three sites. Selected portions of the RAGS document are included in this amendment as 

Appendix D. 

For each constituent, the exposure concentration used as input to the intake equation will be 

based on the analytical data. If the LOQs for all samples for a given constituent are below the 

action level, the constituent will not be considered further. Three situations which will result in 

calculation of hazard and/or risk are possible: 

1. If the constituent is detected above the LOQ in all samples, the 95 percent upper confidence 

limit of the arithmetic average will be used (per RAGS). 

2. If the constituent is present above the LOQ in only some of the samples, those samples with 

concentrations less than the LOQ will be assumed to have a concentration of one-half of the 

sample-specific LOQ. The 95 percent upper confidence limit of the arithmetic average will 

then be used from the actual sample concentrations and the one-half LOQ values, as 

appropriate. 

301625\amndmnt 4-3 



3. For the remaining constituents, if any of the sample-specific LOQs exceed the calculated 
health-based action level, additional consideration is necessary. 

• For a given constituent, if the action level is greater than or equal to one-half the LOQ 
for all samples, the constituent will not be included in the calculation of aggregate hazard 
index or aggregate risk. This is based on RAGS, which calls for one-half the LOQ to be 
used as the concentration for constituents below LOQs. 

For a given constituent, if the health-based action level for one or more of the samples 
is less than one-half the sample-specific LOQ, and if there is some reason to believe that 
the constituent may be present, the 95 percent upper confidence limit of the arithmetic 
average will be used based on one-half the sample-specific LOQ for each sample. 

If a given constituent is not detected in any of the samples and if there is no reason to believe 
that it may be present (e.g., it was not identified through process knowledge and was not detected 
at any of the three sites associated with the TSL-85 Surface Impoundment), the constituent will 
not be included in the calculation of the aggregate hazard or aggregate risk (per RAGS, 
Sections 5.3.1 and 5.3.5; see Appendix D of this amendment). 

The hazard quotient (HQ) for systemic toxicants is calculated from: 

HQ = intake/RfD 

where the intake is calculated as shown above, and the RfD is the constituent-specific value 
obtained from the current IRIS database. 

The carcinogenic risk is calculated from: 

Risk= intake* SF 

where the intake is calculated as shown above, and the SF is the constituent-specific value from 
the current IRIS database. 

The formula to calculate the aggregate noncancer hazard index for chronic exposure is: 

Hazard Index = l: HQ1 
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where: 

Hq = Hazard quotient for the i'h toxicant. 

Aggregate risk is calculated from: 

Aggregate Risk = I: Ris~ 

where Ris~ =risk estimate for the i"' carcinogenic substance. 

The risk calculations proposed in this section are based on a number of conservative assumptions 
and default values, and therefore presents a conservative upper bound for the actual risk 
associated with the TSL-85 Surface Impoundment. If the aggregate hazard index is greater than 
or equal to 1 or the aggregate risk exceeds 1 x1 o-s, risk assessment using a site-specific, realistic 
exposure assessment will be performed. The results of the in-depth risk assessment will be 
evaluated by NMED and LANL to determine whether the site poses an unacceptable risk to 
human health or the environment. If it is determined that the site poses an unacceptable risk, 
additional cleanup will be performed to a degree agreed to by NMED and LANL. Cleanup of the 
site will be considered complete when it has been demonstrated that the site does not pose an 
unacceptable risk to human health or the environment. 

If the aggregate hazard index is less than one and the aggregate risk is lower than 1x10-a, clean 
closure of the site will be considered achieved because the site does not pose an unacceptable 
risk to human health or the environment. 

4.3 RISK CHARACTERIZATION 

A risk characterization will be included in the Amended Closure Certification Report that presents 
quantitative and qualitative descriptions of risk. As stated in the RAGS document, "A risk 
characterization cannot be considered complete unless the numerical expressions of risk are 
accompanied by explanatory text interpreting and qualifying the results." 
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5.0 PROPOSED SCHEDULE 

A certification of final clean closure for the TA-35 TSL-85 Surface Impoundment site, along with 

an amended closure certification report, will be submitted in August 1995, although initiation of 

closure activities will occur as early as the spring of 1994. The proposed schedule, provided as 

Figure 5-1, will commence upon receipt of a notice of approval of this amendment from NMED; 

the dates shown in Figure 5-1 assume that NMED will approve the amendment by the end of 

March 1994. Significant milestones include the initiation of field activities (411/94), completion of 

field activities (4/11/95), and submittal of an amended closure certification report and certification 

documentation (8/3/95). 

This schedule includes optional remediation, sampling, and site restoration activities. Thus, the 

schedule in Figure 5-1 is considered to represent a reasonable maximum duration for the project. 

However, field activities are subject to delay based on weather conditions and interactions with 

outside agencies (e.g., closure plan approval). If remediation, verification sampling, and site 

restoration activities are not warranted, as determined jointly by NMED and LANL, the significant 

milestones would include the initiation of field activities (411/94), completion of field activities 

(4/28/94), and submittal of an amended closure certification report and certification documentation 

(1/31/95). 
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APPENDIX A 

Shipping Manifests and Certificates of 
Destruction 
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TEXAS WATER COM~ISSION - ---- --------..-:11"-:-.. 
P.O .. B~x!3P8?,CapitoiS~~t~n- "·-~-"~~· ~:::.~ ...... __ . 
Austin, Texas 78711·3087 

b. 

c. 
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____ __) 
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. _ --~ ~- ·~ ·sEp 2 5 SR _- ~-"-· 
FOnn approved. OMB ·No. 2050-0039, expires 09-30-91 
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Information in the shaded areas 
is not required by Federal law. 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment arefullyan<f accurltlilydescribedabove by proper shipping name and are 
classified, packed, marked, and labeled, and are in all respacts in proper condition for transpon by highway according to applicable international and national 
government regulations, including applicable state regulations. ' · : .. , . :, · nr ''J'-f, ' "Ji ·.,v : ... ·• l"-' ·~110 -~: •I · '" ... ~, ·' 
If I am a large quantity generator, I cenify that I have a program in place to reduce the and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I !'lave Stilected the practicable method oftreetment, currently available to me which minimizes the present and 
future threat to human health and the env1r'onmerit: OR, if lam a small quantity effonto minimize my waste generation and select 
the best waste management method that is available to me and that I can 



When using the Uniform Was,te Manifest for rail or water (bulk shipment) or international shipments refer !D me applicable 1WC regulations. 

REPORT SPILLS AND/Off,DISCHARGES TO THE TEXAS SPILL RESPONSE CENTER AT 512/463-n27 (24 HOURS) 

I INSTRUCTi~~~ fo GkNERATOR (Please Type or Print Clearly) 

(1) Enter the Generator's U.S. EPA twelve digit identification number and the unique five digit number assigned to this manifest by the generator if you are 
shipping hazardous waste. I 1 

(2) Enter tf:!e total number of pages u~ to complete this manifest. 

(3) Enter the company name and maHing address. 

(4) Provide a phone number where an authorized agent of your firm may be reached in the event of an emergency. 

(5) Enter the company name of the first transporter and their U.S. EPA ID Number. 

(6) If applicable, enterthecompany name of the second transporter and their U.S. EPA ID Number.lfmore than two transporters are used, enter each additional 
. transporter's information on the Continuation Sheet (EPA form 8700-22A). 

(7) Enter the company name, site address, and U.S. EPA ID Number of the facility designated to receive the waste listed on this manifest. 

(8) COMPLETE ALL STATE OF TEXAS INFORMATION A. THROUGH H. IN THE SHADED AREAS. 

(9) Complete the waste description table as follows: 

(A) ITEM 11 A- When shipping an EPA/DOT regulated hazardous waste or material in conjunction with solely state regulated waste enter an "x" in the 
HM box before each EPA/DOT regulated waste/material description. 

(B) ITEM 11 -Enter the U.S. DOT Proper Shipping Name, Hazard Class, and ID Number(UNINA) for each waste identified.lf it is a Class I nonhazardous 
waste use _the Texas Waste Code description: 

(C) ITEM 12- Enter the number of containers for each waste and the appropriate abbreViation for type located in Subchapter A of the TWC Industrial 
Solid Waste Rules. 

(D) ITEM 13 - Enter the total quantity of waste described on each line. 

(E) ITEM 14 - Enter the appropriate letter from the table below for the unit of measure. 

G - Gallons (liquids only) 
P- Pounds 
T - Tons (2000 lbs.) 

Y • Cubic Yards 
L = Uter (Uquids only) 
K = Kilograms 

M - Mabie Tons (1000 kg.) 
N • Cubic Meters 

(F) ITEM I - Enter the appropriate TWC State Waste Code for each waste you are shipping. 

( 1 O) The Generator must read, sign (by hand), and date the certification statement If a mode other than highway is used, the word "highway" should be lined 
out and the appropriate mode (rail, water or air) inserted in the space below. In signing the waste minimization certification statement, those generators 
shipping hazardous waste who have not been exempted by statute or regulation from the duty to make a waste minimization certification are also certifying 
that they have complied with tti8 waste minimization requirements. 

( 11) The manifest must be signed and dated by the first transporter in the presence of the Generator. If more than one transporter is to be used, the Generator 
must provide additional copies for their use. 

"(12) Generator retains green copy, sending remaining copies with the driver. 

INSTRUCTIONS FOR THE TRANSPORTER (Please Type or Print clearly) 

( 1) As driver of the transport vehicle, you are responsible for ensuring that all waste received by you arrives at the specified destination. 

(2) Sign and date the space provided, certifying the waste amounts in PART I were received for transport NOTE: If you are unable to carry out the delivery 
of the shipment as specified, dial the emergency phone numbers given in PART I notifying the GENERATOR. 

(3) Upon delivery of the shipment, the TSD Facility OWner/Operator is to sign for the shipment in your presence and fill in "date recqived": 

• ( 4) Separate the yellow copy and retain for your r~rds. Leave the remaining copies with the TSD Facility Owner/Operator. 

INSTRUCTIONS TO TREATMENT, STORAGE AND DISPOSAL (TSD) FACILITY OWNER/OPERATOR (Please Type or Print Clearly) 

( 1) The authorized representative of the designated (or alternate) facility's owner or operator must note in ITEM 19 any significant discrepancy between the 
waste described on the manifest and the waste actually received at the facility. 

(2) Enter date received and sign in the presence of the driver declaring receipt of the wastes and verifying the quantities in the table in PART I. 

(3) Retain the pink copy for your records and return the completed original (white) copy to the GENERATOR. 

• U.S. EPA and TWC regulations require that copies of this Uniform Hazardous Waste Manifest be retalned for a period of thri!Q (3) years in your company records. Do ill!! send 
to TWC unless otherwise notified by these departments. ~ 

Public reporting burden for this collection of Information Is estimated to average: .. 37 minutes for generators, 15 minutes for transporters, and 1 o minutes for treatment, storage and 
disposal facilities. This iclcludes time for reviewing Instructions, gathering data, and completing and reviewing the form. 5end COft'lments regarding the burden estimate. including suggestions 
for reducing this burden, to: Chief, Information Polley Branch, PM-223, U.Si;Environmental Protection Agency, 401 M S~eet SW., washington, DC ,0:0460.: and to the Office of Information 
and Regulatory Affalrs, Office of Management and Budget, Washington, DC 20503. 
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F-*'ol revulatforw requirM that the ..,..-.tOI" .._,, to ttleir ltttlonel ~A Actafnlatratw. fonMt o.a.tratfon n Ctrttfloatlon tMt • 90011 hfth lrffort ltu bNn Ndo to tocaM 8ftd cont1'11n wfth tne--.t lnd rt~CGVery f.cllltfes "*'fc:h pn:wtde tM lrHteat emt.........cal bonefft fOf" .a. wute sen-~ .., 40 CFI 268.8 The attadlod D.awtratfon erd c.rtlffcatlon ,._ clft bit wod for tlntt ...,._.. It Ia recmeidld ttt.t In llddftfOI\ to fot'lllrdf"' • oow to your lt~fonal !PA office. you rlttaln • copy for your"'*'*· QW CIIII'M a.-tat 11111 -f•t In their preJMtratfCXl. 
INtTilUCTJCIIS f'Oit CC:Wl£TIMCaa hie 1 erd 2 DEMCIISRAJIOII/~IFJCATJal 

I 

PMI h Jnafneratfon o-.tretfCWVCef'ttffcatfon Lete.ra : Tttf• fonl lfata ~· w•t• I'1UIIbw1l tMt .... rMtl'tcad fr. l..t dt.-.& tnd vfll be Jncl..-.ted to ~ly lfftn currwrt retU(atfana. If .._. ... ,. fiUIIbtre .,. ...._.off, ~ twwator _, st., and sutaft to EPA. A capr fiJI1' ace_.,, the lltt...,.U. If ,. .,.c. rueen tlflPlY Wf'tte MOT N'Pt.JCAII..E actOU forla __. do ,., Mf l ar ••II'• : 
,,. z: a.-tcol nlbttfutfen DollonatretfC!fV'Certlflcatfcn tetter. Tilts forw lfst tltoee ... ,. IUIIbet'a that ... ,...trlcttd ,,.. cttrecc-ttniHUJ\ ... can not bt incinerated br ltE1. nt-r vfll be t,...tell bwfore lMd <11..-el.. If 0ft14 ,_te ...,.._. are dl.ckad off ;enentor -~ altn lnl _...,to UIIPA. A-..,-~ jii:CDIIIp111¥ whf~. If thfa treat~Mtt fa not UNd rd/or- no waste fUIIbllrs .,..cMead tfff DO IIJI' •H 01' alan. wrfto not ~lfclblo. I 

I 
,. , T1IU 9• , .. n'" , •• uncatforw • ... ,.,, _ , • ., ·r, 
'All 3a Tllfa , .... t e. CCIIIftloted .., •'"*' .....,...,..., •. f• b.lnt fncf,...ated NPrdl ... of lfute......,.. frwoCWd. Entr aU fntor.tle!n .-d •Ill'• If fnformetfcn b not ~late sllf~ could be reJ•t-' 1¥ noelvfnt f~fl. Icy. 

' : 
,.,_ '' Cbeck off ~ftu.rta fot' F001•'005 tt tt..u .._,, .. are "'"' hnhd. C.WrttOI' .. c aftn• At tile botU. of the ..... .- adcf aU ~dt_. ~~Ute~ ... fr0111 --'ffat wfth tho uc:tiptfone of thoM fCM1d an,... thrH inr:1 pege tfx. 

I 
I PAGI Sr Landfill rdl• st•n fzatfen. (c.p\etw for •l~ ""crfetecl ... t• I"&JJDtra Clncludlnt incinerator lila) hen:n_. 01 Of' •.:::: If·,_, •U fmor.tlcn .. t be entered l'tllllrdl ... of""".......,. frwolWd. l4t ...... to.fncludelafl lifo\ Ust• Md •MDC'•"· GlneratOI" -t tflen atgn. If thla •thod fa"'* befnt ..._,, lfrfte liiOf APPliCABlE and ..,_..tar neoc1a not •fan. 

o GEMEIATCR 
o SIUPMENT 
o CHDIPNC OfFICE 

,. 
i 

Should you h8w rl'f quNtfena coneemfnt these ctrtfffQtlonl,.,tfffcatfon r~lrellll'\ts, our mt.fat(s) •uflftld co 'IfNI' proJect will ...,... ttl-. ·If furthet" fnfor.clcn is "*"lr«t c:onuct the aolUna CHENWC Natfonel ~Uty Control....._. at 30Z•479•3446. 

1.1 l.l rnJD 
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PAGE • 1· UIIICIW. AIIMI1111!::1 S cp 2 u. s. !IIYIIICIIIEIITAL ..ntctiCII (DIEIX R!81GI) c;;. 51-~ 0 EN IIGICII II . 0 !PA REGION Ill 

Q EPA RI81CII 1 
Jrt f-..at IIUftdlnt 
eo.tcn, MeUdluNtb 02203 (617) 223·24'1 

26 fedlnll PliU 841 Chs~t StrMt ._ Ywtr,..., Twill 102111' Pttfl.-lP,fa, P.,..,.,lvanfa 19107 c212) 2M•S17'S • <215) 597•9336 
camecttaut, MaaaachuMtta. Maine ............... lhode llland, V.r.ant 

.., .-.,, New Tarte, ~to ltfco, D•lawnr, Maryhrd, Penrwytwn;a, vtrwtn •• ,.,. :. Vfrtfnfa, v.et Vfr-gfnfa, Dfatrfct of COlWlbla 
Q IPA REGIOM IV 

345 c:wrUend Street, N.l!. 
Atlan~, ~torvf• 30365 
(406) 347•3016 
Al._, Plonw, Otortta 

Q IPA MIICII Y ~ EPA RE;IOM VI Z!IO 1e1.111b DN 1»i II Strwt: 645 lo.& AYe"&Je Otf-.o. lllfMf8 ~ I Dell•, TUM 7520Z CJ12) JD-21DGG l <214) 655·6700 UU..ta, Jndl-, Mfcl'lfvtn, Arter.es, t.QJfsf .. , New ,..xlco, 
ICtntudcy, Ml•t .. fppf, MOI"Ut carvu,., SOUtl\ tarot,,., r.meu .. 

lttme.ota, Cltto, lllt~CC~rWf• Olr.teta., ,_ t 
Q IPA RIGICII VII 1 726 IU~W~~~tGta Awrue 
~ etty, ec-- 66101 (913) 236•2800 
J~. hniM, Mfaaurf, rebraska 

0 IPA RECIOM JX 
ZIS rree.ont Str .. t 
1M 'rWICfsco, California 9/.105 (415) 974•7472 
Al'frcne, cattfomfa, Hawatl, ....,.... ~ft:M s.nc., Guant, Tru.t Terrftorf.s of the Pectffc 

Chectl; off lpPI"'pp'late i; 
.:t ~ ~~: ... • ' ........ o..ocn a: DP069 ouoos Bum D *' ,,~...,,.~. ''D"'" D.,.. 8U16S 8U179 QU210 ouz~ li· OP070 OUCI07 uozs uaso ~' · Willi \1099': ., 11122 · . u14z U164 U180 DU211 0 other 15 oPm 

~-- o-·11111'""'1-" '""'"!1"'241"'" OU165 QU185 DU213 8== 
gf1011 \1009 · 0 UG29 : UGIIL"tt: UOI'P~ WB. : 01Z7 U147 OU161 gU181 QU218 I! ae U010 

8
,10.11 lua57 .. ..~ VtOS:, .. 

1
U121 11149 

8U169 8U119 a: D-o::; CIJ11 - -,f·-- -, - r"' .,. U192 0-aucnz . .,.... UOIOJ"~;B ... U10I ... ;, U130 U154 HU1" 

~= 
a::; D-

QP014 a .. 1= U014 U1D7 U05t·~~ ._if U10f• • i U131 U155 U172 

8~ I= 
gPG59 CIJ15 ·I""'"'' ~--.,.,-• '",., t•m B"'" D"',.. 
oroeo ,,z Huot, U0Q t Ullill'f•( CIOP.Iff \nU: I U1S4 U158 0 U174 QU203 I! ,ZJ !U018 1,_ __ ., .• -.. 11114 ! .. , a U1S9 r" IS DU238 

,.. ouaoz U019 U066· QUCIM••• UOPS~~ UUS ! gU1J7 U161 ·· U177 

~= 
gP027 ouoas uoao UDl7 a..,~, D"""!~ ~,, I QU131 gu162 U171 . . . . 

- -~ ~ .. . I 
' lP A1lf aF TIE A8GVI 1C1C1t M1 CIEIID; CEIIEIIA'SOI MUSf tiCI IELCII ITATSEJIT. I 

I nrtffy ~ peMlty of tw that the,...,..._.. of 40 CF112M.I(I)C1) lt.w been •t Md that I M¥e contracted to treat 
., ... n cor vtU othenriM provfct. t,..'-'C) "rdw ,...ctcaUr well~e tec:Mole~~r -.hfch Vfeldl u.. gnatnt envtronnencal 
blnefft, • fndfcatM fn ., dellonetradan. 1 bttltw tlwt Ute fntor-tfM MDifttld Ia trw, aca.nte, and ~l•t•. 1 a. 
...., dMt tMN oro •fW'fftCMt parwlftiM for Nllltttfnt falM fnf~tfon, fnc:tudftll die paafbflfty of fine and l~rason· 
~. 

I 

EPA IOf 

I 
very truly yours, l 

REPRESENTATIVE 
CCI •

1
ro df8~l fecflfty_, local Rollins CHC~~ ottic• ! 

.~oi'I!IIIC.O f>/f!? ~ 
'---------------------~----------·-··---·-
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RIGJOMAL·ADMJ•JSTRATOA u. s. EIWt,....,ta\ Protection Agency Otectl ... ,Cift 
0 IPA lRICJI 1 

olfl ,..,.., lui \ding 
loeton. ~tts 02203 (617) UJ·2461 
c:on.etfcUt, ,._...:huntts, Maine lkN .....,.,,.., RMdo lslwd, Yemcnt 

Q IPA RRICJI IV 
345 Ccurt\.-i street, N.l!:. 
Att.nta, eeortf• 30365 
(/&) 347•30" 
Al.t.., Ftortdl, c.ortfa 
~~ MfUfUfR)f, lkll"th c-oune, SOUth e.rot r,., TtrM~e .... 

& IP~ UllOM VII 
726 Mf....U Awrue r... C:fty, ,.... 66101 
(913) 236-2800 
lOMa, ~CMNs, Niuourf, Near•ka 

D EPl RSUCII X 
1200 lfxth Awruo 
s.cc&e, """'nvtcn 98101 <206) w.-zm 

Q EPA IIIGICII U 
26P ..... l Ptaa 
.... Tortt, ..... Yon 102711 (212) 264•5175 
Nell MrVt. liMe Tert, Puefl'to llfco, vt.,.tn Jtlaraa · 

Q EPA IEGICIIt V 
230 """' .,.., .. n· Street I 
Chla~~G, JllfMta 60604 1 <J1Z) 3SJ-2CJOO 1 
Jt ltnola, lndf-. Ml~f-.n, Nfmaeota, Cllte, Wbccnrrl 

! 

0 IPA IIUlCII YU I 
Cne~l't.ca 
"' , ... ltNat,. *tit• 1300 o.ww, eo-.. 111202-a;u ,., .. ,. 
colorado, *"'-· North Dakota. south Delcota, UtM, ~rft 

I 

0 EPA RECHOM Ill SEP 2 ,r; 1992 841 ChMtnut Str'Mt 
Pfltl«Ml""ta, ~lvM'Iia 19107 (215) 597·9336 
D•laware, Naryt.wld, Penwylnnfa, Yfr,fnfa, W.St Vtrglnta, 
Ofstrfct of Columbia Q EPA UGIOM VI 
"45 ltOM Averut 
Dall•, Te.x• ~ 
(214) 655-6700 
Af'lran~M, Loufsf~, •w Mutc:o, 
Ottlhale, r•• 

0 EPA ltEGIOII IX 
215 F,.....,.t street 
san 'r.nefsco, Cal ffomfe 94105 (415) 974·7472 
Arfzone, California, Hawaif, 
IM'tade, ,.,..,.fc:an s.-, '"'-· Truat Territories of th• Pec:Hfc 

Al•te, ldlho, ate;en, Washington REI soetion 261.8 (a)(1) fDEJIICJISTRATIQI NIJ CERTlFICATlCM CI.M PMX Cll SMLL CIIAIITITIEI) 
l'hts OEMCIIIIMTIOII NfO CDTIPICATICII Ia .-.~ ......... to 40 Cfll J.l(e)(Z)(tf). It Is .U:.itHd fn CCI'Netlon with a 
.._. ..... te stre. gtnerated at tllta f•flttr• The •tre•·fa ::::1:· _,EPA w.ste ccr• ~cue below), ""fm Is 
a.,",_,. .. oft.....,.. wnn • ......._·te~~eetten2161.a•._ an ..we to locete trea-.nt ar ~ 
,_tlitl• t61ch prwtcle the II"Mt•t·.wt,....al _.,,,. 11w conett~cs fre tilts at,.... are -tats. aas~ 
on eur effort to locate tr•~ and factUtt•, .,...,. ......... ·t·a..tcal atetllutton would provide the .,...tat 
«WW ..-.tal blneflt. Since IUCh ·ti'KD 11at fa waUible, •· e.w. alnttlletad vftft a ICRA outhoc'lzed fRi \ lty for treetlllwlt 
of U.ta waw a., c:ta.fc.l stabilization. 1'1wt f•lllty ••• · a loU ... Errtlronlltftts\ S.nrfc:e. (LA) rnc. D OTa latan 1_,.., LA 

"' • I!PA INa UD01~127 

NOT A'PPL\C.A'SLE 
TKC: act:,,:;, IMto 11 Pi r'w f' ••' ua Sf 6if foltowi,_ !PA .,..,. rutws. 
Chaclt off .... ,., •••• 

D P010 D P110 I U144 D UZ17 i D lt036W. 8 POU 0 P113 . . . U146 . 8*' .. I 0 K060W P01Z Q P114 : U15t f019 ·· 8'lcoe4 0 P015 0 P11S D uaos B·ltGOMAI; lcDa6 (lfCIIt'aolvent wash s\tlcategory) 
0 POS7 0 P120 . 0 . U'l14 ...... ··. D K100W D P09Z D P12Z 8 : UZ15 0 ICD21W; j 8 ~DtNW (Mont than 1l Aa a\bcat.,.-y) 
0 P107 0 UCI3l ·U2'16 · · · OIC025W • 1 K1oaAI (More th.n 1S As slb:ategory) n d51 · · .lJI. ,,.,. If NIT or TIC ~ ICICEI ME' caaxm OFF, ,-MTOit MUST SIGN .LQI . 1 cetttfy ~ peNlty of ,., that t"- '*"fr~ of .0· en ··UI.I(a)(t) hwa bRn •t Wid that I haw ecntraettd to treAt 

., .-te (Of' Mill otMrttt• ,...,net. t,_'-'t) ~ tM-pre~tfally tMHt+f.• ceahrllllogy Ylfdl yf•ldl ttt. grnt .. t .rw~rocwntal 

...,It, M fnrSiated in ., ca.:ncrnton. 1 beUw. dtlt·tM fftfoiWett, IUblltr.d Is t~ • ..::curate, lnd ~ata. I Mt 

....... tMt t11ere are algnlffcant penaUtf•• for ...Sttfl'll falH t,.,_ lon, fneluc:Ung U\e J»SSibil ity of fine and lrwprison· 

..c. 

Very U'\ll y yoaura. 

ltEPRESlNTATIVE 

UA JDI 

f ec: Dfsposal Fact t fty I local lloU ins ataWAr Of flo. 

: 
I 
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---===--""""'=--•FACILIT'r MOTlfiCATICif "RRTIICTI!D WUTP for IMCINEAATIOII st .... "*. 's"\Q \..\:\3 0~ -1...$ -===-Rcft'uh.v~~..!~ ll;_L 
SEP ~ 5 1g~pa9· 3 

Generetwr \..-f\'N \__ 
EPA ID • N t\0'6'1~ \0 ~ \S (E: l~'!~M ~n£YS: 
lh:llr M\ff•t ""'**'<•) f"l0f1 la ( 3 S l w .,. lllt.tng to you fOf" Incineration ... t• that 40 cFR 268.8 ~wun Qcto. not ~ly, .__..1M ~~~Mte at,.... taa(lf .,._.fa~ not .,:~Pl'f" .. tlp below aectforw and sivn pave 4) 

(A) D taltfomfe L fat cehedt oft canatlt\MWU) 0 p11 l ... theft Of" ..,_, !2·0 D I'CI v-ter than or equal 50 pp1 

;. 
I 

L fqufd _.,. contefnfng tl'loM 0 ~ 500 1111/l· 0 Cd 10CI 111/l 0 ~ 500 ..,, 0 Pb 500 'l'lfJI l ~Mala eqJ~l/gr .. ter thwla 0"' 20 llf/l O II 134 1111/l O .. 100 1111/l O Tl 130 III!Ul 
0 Total HOC• I 91'Nt..- tthWt or ..,_ Qt 1GOO ..,.. fMlUiflrwa 

·•· .,......,. tNatw thin or ...-4 to 1GDD 1M , .. U. ,0,000 IIOfkt b. ,._ .... t .... cer lf.,td ..- (frclUIH.,. fNe wur) wttlt bu•e ..,..., ... then w e(IU8l to 10,000 wvtlcG c. eot fd haurdoul ... te •fth IIDC ar-ter 1hft _. ..,_, to 11000 lllllk8 
I ~toxin 

I TIE. MINI RDTaiCTID UU1'I r• ...ar a.AI&IFJat IT TM ~EN WASTE ,.._llS (~late aectforw I,C,D,E) 
(l~tufn W•t• 0 F001 )(POR ~ D'* D P0C1S . If ., vf thtM w•t• f1UIIbw W(y, aleo c:IMct off F(2) belw 

I 
; ~ FD20 0 f021 0 F022 0 ,023 0 F026 0 F027 Q F0281 ... '*• ca.&, s-ee 4. 

(Q Ptrsvsoooncs Third "toft·.._.... u.., ot theM._, • ..._..,.,..(,, .teo cMct P(4) bate~~. I D*' 
01'001 
.gPOGJ 

0,. QP066 OP101 OU01Z oua1 o•t gtma.QGDM:- DUtfo ·ouuo gu14t out65 ou179 OU20a o U237 

0"* 
OPGD5 

•• QPOG7 

DPGZ7 0*7 0''11 01101, 0 ... DWA 0 UQ1S:0.-~o.,,, nuu' 0'"50 ou"' ou1ao OU209 0UZ31 QPG17 OPG61 0'1ZI . 011015 oua·'·D\IDI'T Dtlft'll~DU1p4 gum OU1S4 OU169 0U18S 0U210 OUZ39 D*' O"" OU002 o..,. 0111117.' o.., ouarr .. u . .--om•s·u~ ou"' ou110 aut• 0uz, 0uz44 OPOW OPVrU ouoas QU011.0UI't1).u~ D~'l'-"" .. OUt~ oum 0U1S7 outn 0U18f OU2tl 0U2'8 011050 01'072 ouoos guott··o~:o••· ouou~f.'v.'Gt!O.tn.,'0U1S7 OU1SI 0U172 0U192 ouz1a OPW. 01'081 o\1007 o\a-OUIK4'0U06Z o•·o..-·o~'OUGI OU1S9 OU173 ou193 QU2,, 
UPOOI 
0P014 
OP016 
QP011 
DP02D 

QP057 0POIIZ 0UCI08 OUOZZ 01J016::guoa·QUOIP\a.UHIS"0U1" QU140 0U161 fiUt7' 0U1M 0U220 01'051 OP1184 Ouoot ouazs 0C*T'01D14 QCJJ9Z"OU106 OU1~ gut42 0U162 0U176 QUZOO oum 0"" 0P10Z oucno OU026 Q904'"0U066 OJJDB'Q'U101:0U1. OU14S OU163 0U177 QU203 0U227 QPOeO 0'105 UU011 OUOZP guoso.::gUD67 D"*' O~PP-DU1~ Q~7 QU164 ou11a O~RM OU22a 
~) Plf'lt/IKCind lblrd (OtllnfC/....-..tal) lllftb tree....C .~. le~ tlbte CCV CM" c:oiE 40 CfR 268. 0P01J o,.,··o.a.·oPOn QPOMiiQ,.a-o ~z• D'*' gutoz OU190 QP021 DPGSO OP06S QPG19 OJIOP1·~o,.: 0 liOa ouoaa QU107 0U235 . ·.;'< ·~: , • I 

·· . I If fl'lf of theae wet•,....,. apply, etao cflec:k•fCZJ below' 
(f) 'fntl-=ond Tt.frd wtttt t~ ..CMd .,..tffed. : •i;o;;n~:~.•. ~ 

QPCM QP0\1 0""i0.*4 0P062 OPOIS 0P1"'' 0'11·" ouosa OU087 QU221 flU223 Jf flllff of tMM .... f'UIIbore· llflP&y,al• -...·fCU betwr··~ • 

I 
I 

Jncf,....tfon fa thtr t.-..r..tt tedlnolotr pnearfbMibr 40 Cfl ~4Z. (PQ't Wtd HOC's Cucept wnt-ter) gr•at.,. t"-' thin or .,.., to 1000 111/lct. . · : ' I Tfte ,,,.... fa ., FOOI·FOOS solwnt w a tlffNtls-.1 Tftf...,. w.tjt wfm orpnfc: or other non--t•l tr•aa.tt standards Ttle .,..._ f• • liquid haurdclw .-te· t"-t fa ,..t...tty llllter wft cont•trw IIOC'• fn tot•l canc8'1t1'8tfon grMt.,./t<IUil to 1000 111/l and , ... than 10000 IW/l. r<', r me acre. ••• "Mft•ft..,.. ... c. conc.tnq ..,...__.other f-n-•ce' .,., _,be tr"ted ~ th• best tr•atllllnt prtotteally ftllfhll:tle • EnelCIHd Ia • copy of tM af.,..,.,.. dd~ -...tnttGn ..s certfffcaUcn ""fch ..,. fl•ve .-rued to the r'A ~tetf-l Adllniotn._. ,....._,. to 40 c,. .a C•)CZ)(fl). 
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ltoLlf,. OOIIAIC 1 
FACILITY MOTirlCATIO. OF 

"ttESTIICTm WAI'II mt' IICU.IJArJCJrt 
CRil F001•f01115 VMTES 

COIEIZ 01' UIISTI ) 

. I 
CQICIJITIATI~I 111/U 
\Mt'IIIMTIU AJIJNII 

'0Cl1·FOOS SPerl' SOLVINTI !NfT ... .m 
Ac.tone ( ) o.os 
n·tutyl alcdlol ( , S.D 
Carbon dfaulff~ ( ) 1.05 
tarban tecredttwt• ( ) .05 
Chlor~- ( ) .ts 
creaola Cand cnsy\ fc ecfdl c ) z.a i CyelofleMnaN ( ) .125 ! 
1,2 • dfchlorablft&- ( ) .68 
Etl\yt ecetace ( ) .05 
Ethyl blnrent ( ) .05 
ethyl ether ( ) 5.0 
l~t8n0l ( ) .25 
Mettt.nol ( ) .25 I 

Methyl.,. c:hlorfde ( ) .20 
Methyl ethyl b-. ( ) 0.05 
Methyl iscbutyl ketone ( ) 0.05 
Nftrabe1Z8• ( ) 0.65 
Prytdl,. ( ) 

1.12 i T etrachtOC'Oeehyl.,. ( ) 0.079 
TOluaN ( ) ,_ 12 
1, 1, 1 • TrichlorooU.. ( ). 1.05 

I 1, 2, 2 • Trfchloro • (. ) 1.05 1, 2, 2 trffluroethlne ( ) 1.05 l 

Trfc:hlorwthyl.,. 
Trfchlwoft~ 

! c ) 0.062 : 
Xyl.- i 

Authorized R.,.....ntatfw Sf 

I 

All OfHER SP 
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P.O. Box 609, Deer Park, TX 77536, 713/930·2300, FAX 713/930·2316 

NOVEMBER 15, 1989 

LOS ALAMOS NATIONAL LABORATORY 
P. 0. BOX 1663 
LOS ALAMOS, NM 87545 

ATTN: Mr. Pat Josey 

Dear Mr. Josey: 

/ i ' ---- ' II' I I r ' 

SEP 2 5 1992 

This is to certify the material referenced below was destroyed as of 

09/26/89 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P. 0. Box 609, Deer Park, Texas 77536. 

DATE RECEIVED -09/21/89 

RES (TX) INC. B/L NUMBER -111222 

TWC MANIFEST NO. -00067357 

cc: RES CHEMPAK/LA 
Steve Bergersen 

SINCEREL"':{INC. 

\~ .. : 
.. ~{ 

i..L \ .r ' 
~· ·~ I . 

-
ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

Please call (713) 930-2318 if there are any questions concerning the 
information on this Certificate of Destruction. 
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TEX.',., v\IATER COMMISSION 
P.O. Box 13087, Capitol Station 
Austin, Texas 78711-3087 
Please print or type. (Form designed for use on elite (12-pitch) typewriter.) 

''i\~S. 

b. 

c. 

,;,: ·, J ' c -7 ~ I 6- J hl /D)__ 

StP z 51992 
Form approved. OMB No. 2050-0039, expires 09-30-91 

GENERATOR'S CERTIFICATION: the contents are fully and.accuratelydncribedabove by proper shipping name and are 
classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway according to applicable international and national 
government regulations, including applicable state regulations. · - f·· · 1 .. .: 
If I am a large quantity generator, I certify that I have a program in place to reduce the and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I have selected the practicable mathod or disposal currently available to me which minimizes the present and 
future threat to human health and the environment; OR. if I am a have faith effort to minimize my waste generation and select 
the that is available to me 

( 
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P.O. Box 609, Deer Park, TX 77536, 713/930-2300, FAX 713/930-2316 

NOVEMBER 15, 1989 

LOS ALAMOS NATIONAL LABORATORY 
P. 0. BOX 1663 
LOS ALAMOS, NM 87545 

ATTN: Mr. Pat Josey 

Dear Mr. Josey: 

SEP 2 5 1992 

This is to certify the material referenced below was destroyed as of 

10/03/89 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P. 0. Box 609, Deer Park, Texas 77536. 

DATE RECEIVED -09/21/89 

RES (TX) INC. B/L NUMBER -111221 

TWC MANIFEST NO. -00067358 

cc: RES CHEMPAK/LA 
Steve Bergersen 

ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

Please call (713) 930-2318 if there are any questions concerning the 
information on this Certificate of Destruction. 



' 
TEXAS WATER COMMISSION 
P.O. Box 13087, Capitol Station 
Austin, Texas 78711-3087 

b. 

c. •":.:' 

,, 

/,;~.1 rn/OL/ 
SEP 2 .'i 1992 

Form approved. OMB No. 2050-0039, expires 09-30-91 

GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described iboveby proper shipping name and are 
classified, packed, marked. and labeled, and are in all respects in proper condition for transpon by highway according to applicable international and national 
government regulations, including applicable state regulations-' _,. ~ ' · • _ · · ·; '· 
If I am a large quantity generator, I cenify that I have a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I havli seleCted the practicable method of treatment, storage, or disposal currently available to me which minimizesthe present and 
future threat to human health and the environment; OR. if I am a small quantity generator,l have made a effon to minimize my waste generation and select 
the best waste management method that is available to me and that I can 



' I 

P.O. Box 609, Deer Park, TX 77536, 713/930..2300, FAX 713/930..2316--

FEBRUARY 19, 1990 

LOS ALAMOS NATIONAL LABORATORY 
P.O. BOX 1633 MAIL STOP E-518 
LOS ALAMOS, NM 87545 

ATTN: Mr. Larry Hupke 

Dear Mr. Hupke: 

This is to certify the material referenced below was destroyed as of 

01/31/90 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P.O. Box 609 Deer Park, Texas 77536 (EPA ID# TXD055141378). 

DATE RECEIVED -09/29/89 

RES (TX) INC. B/L NUMBER -111518 

TWC MANIFEST NO. -00067360 

cc: RES Chempak - LA 

s~·-RES INC. 

~~ 
ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

Please call (713) 930-2317 if there are any questions concerning the 
information on this Certificate of Destruction. 



... 
TEXAS WATER COMMISSION 
P.O. Box 13087, Capitol Station 
Austin, Texas 78711-3087 

7; I~~ I fill C') 

· - SEp 2 ·· . . 5 'lr»a 

a.~Q 

b. 

c. 

d. 

. . l:. ,, ... 

Form approved. OMB No. 205.0-0039, expires 09-,_-

GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by proper shiiJplng name and are: 
classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway according to applicable international and national 
government regulations. including applicable state regulatlons.K · · ... '? '!' .:: · ," ·-- .nnB~l grit to lSV11b ?/. ; ,. 
If I am a large quantity generator, I certify that I have a program in place to reduce the volume and toxicity of generated to the degree I have determined to be 
economically practicable and that I have·seleC:ted the practicablemethodoftreatment, to me whichminimizes the present and 
future threat to human health and the"environment; OR. if I am a small effort to minimize mywaat!lllener!ltion and select 
the best waste management that is available to me and that 

by this manifest except as noted in Item 



P.O. Box 609, Deer Park, TX 77536, 713/936-2300, FAX 713/936-2316 

FEBRUARY 19, 1990 

LOS ALAMOS NATIONAL LABORATORY 
P.O. BOX 1633 MAIL STOP E-518 
LOS ALAMOS, NM 87545 

ATTN: Mr. Larry Hupke 

Dear Mr. Hupke: 

•2s 1992 

This is to certify the material referenced below was destroyed as of 

01/31/90 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P.O. Box 609 Deer Park, Texas 77536 (EPA ID# TXD055141378). 

DATE RECEIVED -09/29/89 

RES (TX) INC. B/L NUMBER -111517 

TWC MANIFEST NO. -00067359 

SINCERELY, 

~~~. 
cc: RES Chempak - LA 

ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

Please call (713) 930-2317 if there are any questions concerning the 
information on this Certificate of Destruction. 



9. 

~0//1[,. s 
-zozi 
oe~,.-

11A. 
HM 

' -:.1-: ~ ·~ i .• 

-~ 

d. 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents ofthis consignment •refUity and ac:Cii111tely described above l)y proper shipping name and are 
classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway according to applicable international and national 
governmentregulations,includingappllcablesfateregulations. ·.· ;osd :;. :.:;"!: "'!'.":.:·'~, ',•ci.~Y· · J'.• .·:.- ::. ~- ; .. , 
If I am a large quantity generator, I certify that I have a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be 
ecoriomically practicable and that t have'ielaeted the practicable method oftreatmeni. stol'agei ordispo8al curre~Wyavailable to me which minimizes the present and 
future threat and the environment; OR, if I am a small quantity generaft)r; 1 have made a good faith effort to minimize my waste generation and select 
the that is available to me and that I can 
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P.O. Box 609, Deer Park. TX 77536, 713/938-2300, FAX 713/938-2316 

FEBRUARY 20, 1990 

LOS ALAMOS NATIONAL LABORATORY 
P.O. BOX 1633 
LOS ALAMOS, NM 87545 

ATTN: Mr. Pat Josey 

Dear Mr. Josey: 

This is to certify the material referenced below was destroyed as of 

12/08/89 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P.O. Box 609 Deer Park, Texas 77536 (EPA ID# TXD055141378). 

DATE RECEIVED -10/06/89 

RES (TX) INC. B/L NUMBER -111809 

TWC MANIFEST NO. -00067349 

cc: RES Chempak - LA 

ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

Please call (713) 930-2317 if there are any questions concerning the 
information on this Certificate of Destruction. 

! 



I ' 

TEXAS WATER COMMISSION 
P.O. Box 13~87, C~pito~ Station 
Austin, Texas 78711-3087 

.i' 

. . . . -·· Please print or type. (Form designed for use on elite (12-pitch) typewriter.) • • 

FORM HAZARDOUS 
MANIFEST 

·~ , .. i . 

"j,f6· J fi/IU6 

.··· ' ,.._, M 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents ofthis consignment are fuUyand accurately described above by proper shipping name and are 
classified, packed, marked, and labeled, and are in all respects in proper condition for transpon by highway according to applicable international and national government regulations, including applicable state regulations. . . ··,;,.,_. _,-., . , ' ,··. ·" 
If I am a large quantity generator. I cenify that I have a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I have selected the practicable method of treatment, or disposal currently available to me which minimizes the present and 
future threat to human health and the environment; OR. if lam a small made a good faith effort to minimize my waste generation and select 
the best waste management method that is available to me and that 



P.O. Box 609, Deer Park, TX 77536,713/930.2300, FAX 713/930·2316 

NOVEMBER 15, 1989 

LOS ALAMOS NATIONAL LABORATORY 
P. 0. BOX 1663 
LOS ALAMOS, NM 8 7 545 

ATTN: Mr. Pat Josey 

Dear Mr. Josey: 

This is to certify the material referenced below was destroyed as of 

10/24/89 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P. 0. Box 609, Deer Park, Texas 77536. 

DATE RECEIVED -10/06/89 

RES (TX) INC. B/L NUMBER -111808 

TWC MANIFEST NO. -00067334 

SINCERELY, 
RES ( 

ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

cc: RES CHEMPAK/LA 
Steve Bergersen 

Please call (713) 930-2318 if there are any questions concerning the 
information on this Certificate of Destruction. 



I I 

TEXAS WATER eOMMISSION 
. " '· f .• 

P.O. Box'.1~087;,capitol Station··~--~~-
Austin, Texas 78711-3087 

·'- ;.... . . -
. . ,. ~ 
,-~~' ,~- ~-j . . ' . . . . 

Please print or type. 

.····e 
(Form designed for use on elite (12-pitch) typewriter.) •' 

7. Transporter 2 Company Name 

f . I 

\Qesigna{8d Facility N~me nq Si~Address 
\'\\~ \::;t\11\~~W\ ,, . V\'-CS 

b'Z..r ~ ~o ·· 
~ ~&o""\<. \"f... 11'?'S b 
llA. 11. US DOT Description (including Proper 
HM Number) 

a. \W\,O.S. 

b. 

·' 
d. 

*** 
~(", .. 

.. -

1.12· f m I{Yj 
SEP 2 5. 

8.9218 *** 

Information in the shaded areas 
is not required by Federal law. 

GENE~JIITCIR'SCERTIFICATION: I hereby declare that the contents of this consignineni are fully end accurately described above by proper shipping name and. are 
classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway according to applicable international and national governmentregulations,includingapplicablestateregulations. · • :- .:_·,,.: .. ,;·:; ·' · ·· ·: · · · 
If I am a large quantity generator, I certify that I have a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I have selected the practicable method of treatment, storage, or disposal currently available to me which minimizes the present and 
future threatto human health and the environment; OR,lf lam a small quantity have made a goOd faith effort to minimize my waste generation 
the best waste management that is available to me and that I can 



P.O. Box 609, Deer Park. TX 77536, 713/930.2300, FAX 713/930.2316 

FEBRUARY 19, 1990 

LOS ALAMOS NATIONAL LABORATORY 
P.O. BOX 1633 MAIL STOP E-518 
LOS ALAMOS, NM 87545 

ATTN: Mr. Larry Hupke 

Dear Mr. Hupke: 

7 I -:7 ( ';M ·.f). n'1:vr 

Sfp 2 5 19!Jl 

This is to certify the material referenced below was destroyed as of 

01/31/90 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P.O. Box 609 Deer Park, Texas 77536 (EPA ID# TXD055141378). 

DATE RECEIVED -10/14/89 

RES (TX) INC. B/L NUMBER -111986 

TWC MANIFEST NO. -00070318 

..,-

cc: RES Chempak - LA 

SINCERELY, 

~ ::,J~D., 
ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

Please call (713) 930-2317 if there are any questions concerning the 
information on this Certificate of Destruction. 



fj.{ 'Q, I m (I I 
I 

TEX-AS WATER COMMISSION 
P.O. Box 1~08?,J::apit~_l Station~ 
Austin, Texas 78711·3087 

J ~0::: '. ~ .c&.. 
••• ~· --·~·:. .~-1 . . . . 

,., .• 
Please pr1nt or type. (Form designed for use on elite (12-pitch) typewriter.) • • 

* * * a . 9 2 1 7StP * * * 7 ~ 
·--~ ·~-.-- . .- ' " 2 ~ ~- -~ . ' -ronn llppniYtnl. ,._ ·-· --- ___ j)_ ..}13:1, '"' ./1 

Information in the shaded areas 
is not required by Federal law. 

) . 

I hereby declare that the contents of this consignment are fully arld accurateiy deScribed above by proper shipping name and are 
classified, packed, marked. and labeled. and are in all respects in proper condition for transpon by highway according to applicable international and national 
government regulations. including applicable state regulations. - ' ll,J · · · · •-.n•: :s· · · · .. · '··· ·· · 
If I am a large quantity generator, I cenify that I have a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I have selected the practicable method of treatment. diSposal currently available to me which minimizes the present and 
'future threat to human health and the envfronment; OR. if I ami small quantity fo minimize my wast!! generation and select 
the management that is available to me and that I can 

,, ' 

materials covered by this manifest except as noted in Item 1 
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SEr ~51~ 

P.O. Box 609, Deer Park, TX 77536, 713/936-2300, FAX 713/936-2316 

FEBRUARY 19, 1990 

LOS ALAMOS NATIONAL LABORATORY 
P.O. BOX 1633 MAIL STOP E-518 
LOS ALAMOS, NM 87545 

ATTN: Mr. Larry Hupke 

Dear Mr. Hupke: 

This is to certify the material referenced below was destroyed as of 

01/31/90 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P.O. Box 609 Deer Park, Texas 77536 (EPA ID# TXD055141378). 

DATE RECEIVED -10/14/89 

RES (TX) INC. B/L NUMBER -111987 

TWC MANIFEST NO. -00070317 

SINCERELY, 

----.RE+.e-~ 
~OBERT S. WHITLOCK 

OPERATIONS MANAGER 

cc: RES Chempak - LA 

Please call (713) 930-2317 if there are any questions concerning the 
information on this Certificate of Destruction. 

j 
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TEXAS WATER COMMISSION 
P.O. Box 13087, Capitol Station 
Austin, Texas 78711-3087 

:~: • ') -. < ,-, •, * ~. 
Sfp 2 5 199, · 

Foon approved. OMB No. 2050·0039, expires 09-'Jo-91 

Information in the shaded areas 
is not required by Federal law. 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accurately described above by proper shipPing name and are 
classified, packed, marked, and labeled, and are in all respacts in proper condition for transpon by highway a_ccording to applicable international and national 
governmentregulations,inc1udingapplicablestateregulationa.·'·. '·''-" ,,,,; · •• , · · i>• ·. ·• " _, .•. ·"· 
If lam a large quantity generator. I cenity that I have a program in place to reduce the of waste generated to the degree I have determined to be 
economically practicable and that 1. have iei8Cted the practicable method of treatment, to me which minimizes the present and 
future threatto human health and the enVironment; OR;lf 1 am a my waste generation and select 
the is available to me 

Discrepancy Indication Space 

Per my telephone conversation with Pat Josey , the above 
-.;.:.-~--to' ref '·t- actua1:' amount-received by RES (TX) :-

::_ .. ~~~ ~ . '•) ,-.. l!'~ ~< . ;• ;;: r • , . . 

.,. 

I 
f • 



P.O. Box 609, Deer Park, TX 77536, 713/930·2300, FAX 713/930-2316 

NOVEMBER 15, 1989 

LOS ALAMOS NATIONAL LABORATORY 
P. 0. BOX 1663 
LOS ALAMOS, NM 8 7 545 

ATTN: Mr. Pat Josey 

Dear Mr. Josey: 

SEP 2 5 1992 

This is to certify the material referenced below was destroyed as of 

10/20/89 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P. 0. Box 609, Deer Park, Texas 77536. 

DATE RECEIVED -10/20/89 

RES (TX) INC. B/L NUMBER -112122 

TWC MANIFEST NO. -00067350 

ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

cc: RES CHEMPAK/LA 
Steve Bergersen 

Please call (713) 930-2318 if there are any questions concerning the 
information on this Certificate of Destruction. 



.,. 
'liE>G~S'WATER COMMISSION 

.: P.O. B~x 13~7, ~apitol S~ti.on' 
Austin, Texas 78711-3087 

.. ·:.:.~· ·~:.·· * 
Please print or type. 

'"···· . . . . . . 
(Form des1gned for use on elite (12-pltch) typewriter.) 

11A. 11. 
HM 

I. 

d. 

• , r:. •. ' : '· 1.· .. ~ 

r; 

* * * 8 • 9 2 2 0 SEP A<i .;.. t 
.;..;'",..,..,."""",V.....nu.-~:.L~1 

Information in the shaded areas 
is not. r~red by Feqer!ll law. 

16. S CERTIFICATION: I hereby declare thatthe contents ofthis consignmentarefully and accuratelydesc:ribecl above by prbpershippfns&I'IBITI8 and are : classified, packed, marked, and labeled, and are in all respects in proper condition for transport by highway according to applicable international and national 
government regulations. including applicable state regulations. · l • · .. · .c.:;::· r:os~: 2.•; ·u ... _,,., 
If I am a large quantity generator, I certify that I have a program in place to reduce the volume and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I have selected the practicable method of treatment, or disposal currently available to me whil:h minimizes the pres'"t a~ 
future threat to human health and the environment; OR. if 1 am a small to minimize m.ywastagenera~ ~ndselect 
the best waste management method that is available to me and that 

Discrepancy Indication Space 

.. ~· .. 
Facility Owner . Certi(ication of receipt of hazardous materials cove.red by this 

1?() ;MC - . 
except as noted in Item 

Printed/Typed Name 

TWC-0311 (Rev. 01/01/89) 
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P.O. Box 609, Deer Park, TX 77536, 713/938-2300, FAX 713/938-2316 

FEBRUARY 19, 1990 

LOS ALAMOS NATIONAL LABORATORY 
P.O. BOX 1633 MAIL STOP E-518 
LOS ALAMOS, NM 87545 

ATTN: Mr. Larry Hupke 

Dear Mr. Hupke: 

7, 1 2 1 r in t { ~ 
SEP 2 S 1992 

This is to certify the material referenced below was destroyed as of 

01/31/90 at our Deer Park facility- Rollins Environmental Services (TX) Inc., 

P.O. Box 609 Deer Park, Texas 77536 (EPA ID# TXD055141378). 

DATE RECEIVED -10/20/89 

RES (TX) INC. B/L NUMBER -112123 

TWC MANIFEST NO. -00067351 

cc: RES Chempak - LA 

ROBERT S. WHITLOCK 
OPERATIONS MANAGER 

Please call (713) 930-2317 if there are any questions concerning the 
information on this Certificate of Destruction. 
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TEXAS WATER COMMISSION . ·' ''E ~~~ 
P.O. Box 13()87, Capitol St.tion_' _-.: _·.:-·.!. · .. }~ 
Austin, Texas 78711-3087 1':' 

Please print or type. (Form designed for use on elite (12-pitchl typewriter.l •· 

11A. 11. US DOT Description (including Proper 
HM Number) · 

1 
JJ.o.L 

- ,, 

*** 

'f, I 'l I tvl /)1
/ 

SEP 2 5 19!ll . 
8.9257 *** 

Information in the shaded areas 
is not required by Federal law. 

16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment are fully and accuratelyd8scrib8d above by proper shipping name and are classified, packed, marked. and labeled, and are in all respects in proper condition for transpon by highway according to applicable international and national government regulations. including applicable state regulations. ' ~ :· · ' · · .. : · · 
If I am a large quantity generator. I cenify that I have a program in place to reduce the and toxicity of waste generated to the degree I have determined to be economically practicable and that I have selected the practicable method of or disposal currently available to me which minimizes the present and future threat to human health and the environment; OR. if 1 am a small faith etfonto minimize my waste generation and select the best waste management method that is available to me and that 

Discrepancy Indication Space 

Facility Owner or Operator: Certification receipt of hazardous materials covered by except as noted in Item 1 



TEXAS WATER COMMISSION 
P.O. Box 13087, Capitol Station 
Austin, Texas 78711-3087 

11 A. Description (including 
HM Number) 

I AJ,t), s,. 

~ :- ' r r i~. 

5. Special Handling Instructions anji 

Avt~1fh~4 1tf_D~ f:;~~1,~i.~7v"'::!;;~ ~--· ·--· ..... ~~.,-- ........ -.-.····/- .... ·- .~~~ .... --. ~--
16. GENERATOR'S CERTIFICATION: I hereby declare that the contents of this consignment arefully andaccuratelydeicrib8d above-by pioper shipping name and are 

classified, packed, marked, and labeled. and are in all respects in proper condition for transpon by highway according to applicable international and national 
government regulations. including applicable iitate regulations.'' "' ~ ,. ' · ' " - ' 
If I am a large quantity generator.l cenify ~hat I have a program in place to reduce volume and toxicity of waste generated to the degree I have determined to be 
economically practicable and that I have selected the practicable method of or disposal currently available to me which minimizes the present and 
future threat to human health and the itiMro~ent; OFt if fam a smell- · ,I have faith effonto minimize my waste generation and select 
the best waste management method that is available to me and that 

Discrepancy Indication Space -,, 



TEXAS WATER ·cOMMI~StON : _ '":' _ . .. . . . "'" ~ .... ... . . . ,; P.O. Box 13087, Cap1tol Station · · · '· 
'Austin, Tex~s 78711-3087 -·· ~·~-· . 

UNIFORM HAZARDOUS 
WASTE MANIFEST 

Generator's Name and Mailing Address 

9. Designated Facility Name and Site Address 10. · 1' 

ROLLINS ENVIRONMENTAL SERVICES (TX) , 
2027 BATI'LEXiROOND ROAD 
DEER TX. 775 

a. 
,: RQ HAZARIXXJS WASTE SOLID, N .O.S. I ': 

rnM-E (Food-) NA9189 

c. 

are fully and accurately desefibed above by proper shipping name and are classified, packed, marked, and labeled, and are in all respects in proper condition for transpon by highway according to applicable international and national governmentregulations, including applicable state regulations. ~ . ;;,, :L.:n ·• • :: J• ... ~<t- J' ,., . : : , :1 '. • , . •: If I am a large quantity generator, I cenify that I have a program in place to reduce the volu toxicity of waste generated to the degree I have determined to be economically practicable and that I have selected the practicable method available to me which minimizes the present and future threat to human health and the environment: OR, if 1 am a small to minimize my waste generation and select the best waste management method is available to me and that I can 

Discrepancy Indication Space '·· . 
Per my phone conversation with Andy Montoya the above 

- to r·enect' the actual amount. received. by-:REs.(i'x) ~nc·: 

Signature 



:.~:!.w,~;:;, ~a;;',:~:~:. ' ... : .. 0 ~'." : . ....::;~~· :_;·; ~ : ~fJ.}.l~ i~ ~-'J 
:e~::i:;i:e::p:.8~::~3!:i~ned for use on elite (12-pitch) typewriter.) ~ '~ · · ' Fam ~: OMB ·~~-f03~ exW&.So-91 

9. Designated Facility Name and Site Address 

ROLLINS ENVIRONMENrAL SERVICES (TX) I 
2027 BAT!'LEXiROUND ROAD 

a. 
RQ HAZARIXAJS WASTE SOLID, ·N .O.S. 
ORM-E ( POD)-J NA 9189 

b. 

c. 

d. 

Information in the shaded areas 
is not required by_ Federal law. 

- ~ ., 1 ', 

IN CASE OF ACCIDENI' <E SPiLLs I <nn'ACT OIEMI'REC 
) 424-9300 AND 'lHE TEXAS WATER CIDITSSIOO M · ( 512) 463-7727r ... · AVOID <X>NTACT. AVOID 

BREATHING VAPORS. -CDNTAIN WAS'IE. • IF UNABLE '10 DELIVER,. RE1URN '10 'lHE. GENERA'IOR •.... · 
16. GENERATOR'S CERTIFICATION: I hereby declare that the contents oft his consignment are.fullyand accurately described above by proper shipping name and are • classified, packed, marked, and labeled, and are in all respects in proper condition for transpon by highway according to applicable international and national governmentregulations, including applicable state regulations. :~ '' "( :•·' ·' : ~-. · " , ·-: · < • .. : -If I am a large quantity generator, I cenify that I have a program in place to reduce the and toxicity of waste generated to the degree I have determined to be economically practicable and that I have selected the practicable method of or disposal currentfy available to me which minimizes the present and future threat to human health and the environment; OR, if lam a small effon to minimize my waste generation and select the best management method is available to me and that 
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SIG~A ~ESA: 

BACKGROUND ELEMENTAL CONCE~'TRATIO~S. 
~ SOU. A.''D VEGETATION, 1979 

by 

Roaer W. Ferenbauab, Ernest S. Gladney, 

and Georae H. Brooks, Jr. 

ABSTRACT 

In 1979, soil ud veaetation samples were collected on Siama Mesa to 

provide backaround data before construction oa tbe mesa. EJemeatal data are 

presented ror soil, gnss. juniptr, pinoa pine, and oak. None or the data looks 

out or the ordinary. 

I. INTRODUCTION 

In 1979, Sigma Mesa was a relatively undisturbed 
area east of the buildinp localed immediately adjacent to 

Diamond Drive. At that time, the only activity that had 
occurred on the mesa a& any distance from Diamond 
Drive was the erection of an an&cnna farm about 1 mile 
from the road. In 1979, the decision was made 10 drill a 
geothermal well on Sipna Mesa. This activity was 
scheduled to beain in the summer ol1979. Sigma Mesa 
also was projected to be 1 powm area for conC"aCtor 
facilities. F<lr thue rasons. 1 project was initiated in the 
Environmental SurveiDancc Group (H-8, renamed the 
Environmental Procection Group [HSE·8] in 1989) to 

undertake 1 comprdlcnsiw soil and veaecadon sampling 
prosra.m on Sip1 Mesa. The pulpose ot the sampling 
program was 10 acquire, before any disturbance, 1 set of 
dala to be used as background for future impact analysis. 

II. METHODS 

A samplina Jrid was established usina the proposed 
location of the geothermal weU as the center of the grid. 

T!'2nsects were run at eight compass points: N, :-."E. E, 
SE. S, SW, W, and NW. Samples were collected along 
these transects at2SO ft. SOO ft. and thereafter at intervals 
of SOO ft out 10 2500 ft. or as far as possible befo~ the 
transect was terminated because of obstacles (such as 
mesa waDs and roads). Table I gives a tabulation of 
samplinJ sites and samples collected 11 each site. 
Figure 1 shows the location of the sampling area within 
Laboratory boundaries, and FiJ. 2 shows individual 
samplinalocations. 

At each location, surface soil samples (0 10 2 in. 
deep) and ;rass samples were collected. Foliage samples 
we~ collected if tree species were presenL The three tree 
species that were encountered were oak (Q~rcus wa· 
dul4ta), pinon pine (PinJU edJJis), and juniper (J waiperus 

moMspum~~). Grasses were not identified as to species. 

Soil samples were passed throuah 1 coarse sieve 
(:~0 mesh) to remove matter such as pebbles and twigs, 
and then the samples were air-dried and ground in a Spex 
Industries shauerbox. Vegetation samples were dried in a 



TABLE I. Samplinl Locations and Samples CoUected 

Sample Type or Sample Collected 

Desipatioa Location Soil Grass Juoiper Piiioa Oak 

1:-.i 250ft X X X 
2:-.i 500ft X X X X 
3N 1000 ft X X X 
4N Gravel pit X X X 
SN Above pit X X X 

1NE 250ft X X X 
2!'1/E 500ft X X X X 
3?-."E 1000 ft X X X 
4~"E 1500 ft X X X 
~"E 2000 ft X X X 
61't"E 2646 ft X X X 

lE 250ft X X X 
2E 500ft X X X X 
3E 1000 ft X X X 
4E 1500 ft X X X 
5E 2000 ft X X X 
6E 26-!0 ft X X X 
7E Knoll X X X 

lSE 250ft X X X X 
2SE 500ft X X X X 
3SE T A-35, above ponds X X X 

lS 250ft X X X X 
2S 500ft X X X X 
3S TA-35 X X X 

lSW 250ft X X X X 
2SW soo ft X X X 
3SW Trailers at T A·35 X X X 

1W Wellhead X X X 
2W 250 f't X X X 
3W 500 f't X X X 
4W 1000 f't X X X 
sw 1500 ft X X X 
6W 2000 ft X X X 
7W 2640 ft X X X 

lNW 250ft X X X 
2."1W 500ft X X X 
3NW 1000 ft X X X 
4NW 1500 ft X X X 
~'W 2000 ft X X X 
Q>.'W 2~ft X X X 

2 
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Ftc. 1. Loc:ation of samplin& area. 

forced-air circulation oven u 600C for 2 days and then 
were ground in rhe shaaerbox. 

After the samples were prepared, as described above, 
they were submiued for a variety of elemenw analyses. 
Several analytical technjques were used, including 
neutron activation analysis, atOmic absorption, ion 
chromatography, ion selective eleciZ'Ode analysis, and 
some spctial analytical techniques. The procedures used 
for these analyses have been described in detail in 
Gautier and Gladney (1986) and Gladney et al. (1980). 

Quality assW'IIICe was provided by concu.rtent analysis of 
a variety of National Bureau of SW1dards ~"BS), United 
Swes Environmenw Protection Agency (EPA), and 
United Swes Geological Survey (USGS) reference 
materials using the approach docwnented in Gladney 
etal. (1981). 

m. RESt.rL TS 

Table II summarizes the means and sWidatd devia
tions of the soil data, Tables III through VI summarize 

3 
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TABLE II. Elemental Concentrations in Soil 

Standard No. or 
Element1 Mean Deviation Samples Maximum Minimum 

Al (%} 5.8 0.35 40 6.7 5.3 
As 3.9 1.6 40 6.7 1.3 
B 16 7.2 38 27 7.0 
Ba 410 220 40 810 120 
Be 1.9 0.49 37 3.3 1.1 
Br 1.9 1.2 38 5.7 0.40 
Cd (ppb} 170 100 36 520 30 
Cl <100 40 
Cr 27 24 40 136 4.2 
Cu 10 4.5 40 18 2.0 
F 240 74 40 390 so 
Fe(%) 1.7 0.48 40 2.6 1.0 
Hg (ppb) 18 6.0 39 29 7.0 
Li 24 4.6 40 39 19 
Mg (%) 0.23 0.12 40 0.40 0.051 
Mn 510 130 40 840 330 
Ni 8.9 4.8 40 19 1.6 
N~ 8.1 6.5 30 26 o.so 
Pb 24 15 40 98 8.0 
POe 11 20 21 94 0.10 
Rb 120 15 40 160 90 
so. 10 13 39 59 2.0 
Ti (%) 0.26 0.15 40 0.49 0.079 
Zn S4 12 40 71 38 

&oata are reponed in pan.s per million (ppm) unless otherwise noted. 

vegetation data. and Table Vll sh;ows soil data from other 
sources for comparison with the data in Table II. In 
general, the Sisma Mesa data ape well with the data 
from other sources. Those instances where there is some 
discrepancy can be auributed 10 the chemical characteris· 

tics of the volcanic tuff from which the Sigma Mesa soil 
is derived. 

The results of the individual analyses are tabulated in 
the Appendix, Tables A·l through A·V. 

5 



TABLE m. Elemental Cooceotrations in Grass 

Standard No.ot 
Element• Mea a Deviation Samples Maximum Minimum 

AJ 650 770 39 4400 150 
As (ppb) 360 210 38 960 60 
B 14 7.0 29 34 7.0 
Ba 73 so 15 200 13 
Be (ppb) 12 10 14 42 4.0 
Br 40 41 40 160 2.7 
Cd <200 15 
C1 (%) 0.19 0.12 40 0.60 0.034 
Cr s.s 3.2 40 13 1.6 
Cu 6.8 3.0 16 14 3.3 
F 1.1 0.60 40 3.4 0.60 
Fe 260 190 40 810 60 
Li (ppb) 40 190 11 750 200 
Mg(%) 0.12 0.028 16 0.17 0.061 
~1n 48 35 40 180 13 
Ni 26 11 15 55 7.0 
N~ 420 380 37 1300 60 
Pb 1.7 1.1 11 4.0 1.0 
ro. (%) 0.19 0.083 40 0.47 0.070 
Rb 5.6 3.2 37 18 2.1 
so. 690 360 40 1500 120 
Ti 46 60 15 250 12 
Zn 21 11 lS 52 9.4 

-oata are reponed in parts per million (ppm) unless otherwise noted. 
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TABLE IV. Elemental Concentrations in Juni~r 

Standard No. or 
Element• Mean Deviation Samples Maximum Minimum 

AJ 3SO ISO 21 960 140 
As (ppb) 90 40 18 170 40 
B 23 8.0 21 so IS 
Ba 110 IOO 9 290 22 
Be (ppb) 18 7.0 9 29 11 
Br 21 I8 21 65 3.2 
Cd (ppb) 140 60 IO 2SO 100 
Cl 9IO 390 21 200> 350 
Cr 3.5 1.4 21 5.9 1.5 
Cu 5.9 2.5 9 10 3 . .5 
F {ppb) 2.50 I40 21 600 100 
Fe I60 91 21 soo 60 
Li (ppb) 320 90 6 440 200 
Mg(%) 0.24 0.061 9 0.36 0.17 
Mn 48 IO 21 62 26 
Ni 5.2 3.7 9 11 1.9 
N~ 110 41 19 240 43 
Pb 2.5 1.3 4 4.0 1.0 
PO• (%) 0.23 0.096 21 0.43 0.11 
Rb 3.1 1.4 19 6.9 1.1 
so. 470 210 21 830 170 
Ti 67 51 9 ISO 16 
Zn 21 s.o 9 27 9.2 

•oaa are reponed in pans per million (ppm) unless otherwise noted. 
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TABLE V. Elemental Coacentrations ill Piaoa Pille 

Standard No. or 
Element• Mea a Deviatioa Samples Maximum Minimum 

Al 200 65 18 310 100 
As (ppb) 150 60 17 300 80 
B 22 7.0 18 46 11 
Ba 24 6.0 3 28 17 
Be (ppb) 16 7.0 4 24 8.0 
Br 13 14 18 55 1.7 
Cd (ppb) 110 60 4 200 50 
C1 570 860 18 4000 230 
Cr 3.2 1.5 18 6.8 1.0 
Cu 3.9 2.2 4 7.0 2.2 
F (ppb) 190 160 18 700 100 
Fe 87 33 18 150 40 
Li 3.4 2.7 5 7.0 0.70 
Mg(~) 0.19 0.064 6 0.31 0.12 
Mn 200 160 18 S40 58 
Ni 5.5 4.4 4 12 2.2 
NO,b 
Pbb 

P04 (c;&) 0.18 0.077 17 0.32 0.080 
Rb 4.4 2.2 16 9.8 1.5 
so .. 750 380 17 1700 19 
Ti 94 160 4 340 11 
Zn 34 26 6 69 4.0 

-oa~ are reponed in paru per million (ppm) unless otherwise noted. 
~o averaae wu calc:ulalod (see data in the Appendix). 
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TABLE VI. Elemental Co~untntions iD Oak 

Standard No. or Element• Mean Deviation Samp~s Maximum Minimum 

Al 510 220 9 860 210 
As (ppb) 170 110 9 440 70 
B 63 13 9 81 48 
Ba 39 30 3 73 18 
Be (ppb) 46 39 3 90 18 
Br 6.4 4.6 9 16 2.2 
Cd (ppb) <200 3 
Cl 260 92 9 380 65 
Cr 4.0 2.0 9 6.9 1.9 
Cu 7.0 1.3 3 8.1 5.5 
F (ppb) 260 ISO 9 600 100 
Fe 210 68 9 350 140 
Li 4.3 3.5 3 7.1 0.31 
Mg(~) 0.25 0.026 3 0.28 0.23 
Mn soo 180 9 870 220 
Ni 4.4 0.40 3 4.8 4.0 
N~ 120 34 7 190 80 
Pb <3.0 3 
PO,.(~) 0.17 0.076 9 0.28 0.019 
Rb 17 10 3 26 S.9 
so. 470 320 8 990 200 
n 29 s.o 3 34 24 
Zn 25 6.0 3 30 18 

'Data are reponed in parts per million (ppm) unless ochcrwise noted. 
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TABLE VD. ElementaJ Ar>undance iD tbe E.irtb's Crust 

Conceatrations (ppm) 
Element Mason' Vinogradovb Vinocradovc Wedepohld 

Al 81300 104 soo 71 300 78 300 
As 1.8 6.6 s 1.7 Ba 425 800 soo 590 Be 2.8 7 6 2 Br 2.5 6 5 2.9 Cd 0.2 0.3 0.5 0.1 Cl 130 160 100 320 Cr 100 160 200 ·70 Cu 55 51 . 20 30 F 625 soo 200 720 Fe soooo 33 300 38000 35400 Hg 0.08 0.4 0.01 0.03 

Li 20 60 30 30 Mg 20900 13400 6300 13 900 
Mn 950 670 850 690 
Ni 7S 95 40 44 
Pb 13 20 10 IS Rb 90 400 100 120 
Ti 4 400 4 500 4 600 4 700 
Zn 70 80 so 60 
Ag 0.07 0.9 0.1 0.06 Ail 0.004 0.004 Ca 36300 25300 13 700 28 700 Ce 60 30 so 15 Co 25 23 8 12 Cs 3 12 s 2.7 Dy 3 4 6.1 
Eu 1.2 1 1.4 Ga 15 40 30 17 
Gd 5.4 5 8 Ge 1.5 7 1 1.3 HC 3 4 6 3 
I 0.5 1 5 0.5 
In 0.1 0.07 
K 25900 22800 13 600 28 200 
La 30 40 40 44 
Lu 0.5 0.2 0.6 
Mo 1.5 2 2 1 
Na 28 300 6600 6300 24500 
1-t'b 20 20 20 
Nd 28 18 >30 s 260 3 000 850 310 
Sb 0.2 1 0.2 
Se 22 10 7 14 
Se 0.05 0.6 0.09 
Si 277000 248 000 330000 305 000 

10 
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-• TADLI~ A-1. Soil: F.klaental CoauatratioDS• 

AI As D Da De Dr Cd Cl Cr Cu F Fe L«atioll ("'.) (pp•) (pp•) (ppm) (ppm) (ppaa) (ppb) (pp•) (ppm) (ppm) (pp1R) ('I.) 

IN S.StO.S 5.1:t0.7 24t .s 680 :t 100 2.7 :t0.2 4.0 :t o . .s 170:t 20 <100 41 :t 4 16t2 280± 30 2.4 tO. I 2N 5.1 :t O . .S 6.0:t0.7 27t .s 620:t 90 <0.2 <0.3 I.SO:t 20 <100 43 ± 4 ll :t I 260± 30 2.2t0.1 3N 5.1±0.5 3.0t0.5 lOt .S 210:t 30 <0.2 0.17±0.5 10±20 <100 9.2 :t 1.1 6±1 110±20 1.3 tO.I 4N 5.9 t 0.5 l.lt0.4 lOt 5 IIO:t 30 2.6±0.2 0.61 ±0.5 l9CH30 <100 9.0:t: 1.4 6tl .so± 10 1.2 :t: 0.1 5N 5.1t0.5 3.1 :t0.4 ItS 400t 60 2.1 :t:0.2 1.3 :t 0.4 210t20 <100 6.7:t: 1.0 U:t2 ISO :t: 10 1.2±0.1 
INE 6.2:t:O.S , 4.1t0.5 20±S 570± 90 U:t:0.2 5.1 ±0.1 140±20 <100 27 :t: ·2 ll± I 310:t:30 2.0±0.1 2NE 6.0±0.S 6.2:t0.7 25±5 620:t 90 1.4 :t:0.2 3.1 :t:0.5 260:t:20 <100 41 :t: 4 IIi 2 340± 30 2.1 ±0.1 3NE S.lt0.5 1.3:t 0.3 <5 150± 20 3.3:t:0.3 0.72 :t 0.5 210±20 <100 140 :t II 6±1 UO:t: 10 1.1 :t 0.1 4NE 6.2±0.5 1.1±0.4 7:1::5 120:t: 20 1.8 :t0.2 1.5 :t: 0.6 200± 20 <100 Hi 1.1 H:l 160±20 1.1 ±0.1 .SNE 5.1±0.5 2.7±0.4 10± .s IIO:t: 30 1.6:t:0.2 0.99 ±0.1 200t 20 <100 1.9 :t: 1.1 6±1 170:t:20 1.2 ± 0.1 6NE 5.3±0.5 3.7±0.S 11±5 240± 40 2.2±0.2 1.6 :tO.l <100 ll t 2 Btl 190t20 1.3 :t: 0.1 
IE 5.5 t 0.5 .S.7t 0.6 27t s 720± 110 1.6:t:0.2 2.2 :t:O . .S 170t 20 <100 39 i 4 IS:t:2 360±40 2.1 :tO. I 2E 6.2 :t O . .S .S.O:t:0.6 23 t 5 590t 90 <0.2 2.3 t0.4 10±20 <100 40 :t 4 14 .t. I 210±20 2.4 :t 0.1 3E 6.2 :t o . .s 4.1 :t O . .S IS t 5 390:t 60 1.7 :t 0.2 1.4 :t:0.4 IIO:t 20 <100 27 ± 2 9.t.J 220:1:20 2.1 t 0.1 4E 5.1±0.5 4.2 ±0.6 ll t 5 lOOt .so 2.1 t0.2 2.8 ±0.6 60±20 <100 IS :t 2 ll.t. I 210±20 U:tO.I .SE 6.1 t 0.5 2.B.t.O . .S lOtS 260± 40 2.3 t0.2 0.51 t 0.4 160± 20 <100 14 i 2 6±2 210± 20 1.7 t 0.1 bE .S.•J t O . .S 2.6t0 . .S 9±5 190± 30 2.0±0.2 1.2 t 0.4 <100 1.9± 1.2 31:1 2lO:t: 20 1.01:0.1 71! 6.210.5 1.1 t o . .s 10 t 5 IIO:t 30 2.6t0.2 1.7 t0.6 lOOt 20 <100 6.1 t 1.0 4±1 300±30 1.2 tO. I 
ISE 6.0 :t 0.5 3.5 t 0.4 14tS 440t 70 1.1 :t 0.2 2.1 :t0.4 160± 20 <100 II t 2 lOt I 240±20 1.5±0.1 2Sii. 5.4±0.5 1.7 t 0.3 9±5 130± 20 2.1 t 0.2 3.5 t 0.5 140t 20 <100 4.4 :t: 1.2 5±1 190± 20 1.0 t 0.1 3SE 6.0t0.5 1.610.3 71S 1401 20 2.2t0.2 1.6 :t:0.3 260t 20 <100 4.3 t 0.9 2t2 270±30 1.1 t 0.1 
IS S.l t 0.5 4.3 t0.5 16±5 l90t 60 1.7 t 0.2 3.6 t0.7 390±30 <100 21 t 2 14 t I 220:t: 20 1.7±0.1 2S 5.4 t 0.5 2.1 ±0.4 9tS 150:t: 20 1.9±0.2 1.9 t0.6 IIOt 20 <100 4.2 :t 0.1 5±1 140.t 10 1.0±0.1 JS 5.1 tO.S 1.7±0.3 <5 350± 50 2.3t0.2 0.10±0.5 110±20 <100 54 :t: 4 711 I.SO:t 10 2.6t0.1 
ISW 6.0t0.S 4.51 o . .s 19 t s 590 :t 90 1.1±0.2 2.9 :t:0.4 140120 <100 39 t 4 lit I 270±30 2.2 t 0.1 2SW 6.4 t 0.5 4.9±0.6 II :t 5 JIOt 60 2.0t0.2 2.7 t0.5 <100 26 :t: l 16± 2 300t30 1.9±0.1 JSW 6.1±0.5 3.5±0.4 ll±S 200±30 2.4±0.2 1.7 t0.5 100±20 <100 16 t 2 ll :t I 320± 30 1.7 t 0.1 
IW 5.3 t o . .s 6.7t0.7 27±S 110± 120 1.4 t0.2 2.1 t0.4 260±20 <100 40 :t: 4 11±2 270±30 2.2 tO. I 2W S.9:t O.S. S.5 t0.6 24±S 610± 90 0.9±0.2 1.1 t 0.4 190±20 <100 41 :t: 4 14± I 320:t: lO 2.2 :tO. I JW 5.5t0.5 4.1±0.6 25tS 510± 90 1.4±0.2 0.44 t0.4 90t20 <100 31 :t: l lit I 340± 10 1.9 t 0.1 4W 6.0:tO.S 5.1 t 0.6 20t5 690t 100 1.7:t:0.2 4.1 t0.6 30± 20 <100 42 t 4 IS t2 190± 40 2.2 tO. I .SW 5.1 t 0.5 5.1 t 0.6 19 t 5 700t 110 1.6±0.2 1.0 t0.4 520± .so <100 46 t 4 14 t I 320± 30 2.0±0.1 6W 5.5 t 0.5 5.4 :t0.6 25±S 6.S0t 100 1.1 ±0.2 1.4 ±0.4 llOt 20 <100 41 t 4 ll :t I 160:1:20 1.9 :t 0.1 7W 5.J:t:0.5 5.3 :t:0.6 2415 620± 90 1.310.2 l.O t0.5 30120 <100 40 :t 4 12 t I 280130 2.010.1 
INW 5.5 t 0.5 5.6 I •· 6 27±5 660± 100 1.1 :t 0.2 2.4 ±0.5 <100 32 t 4 16±2 310± 30 2.0t0.1 2NW 5.4 :t 0.5 5.1 .i 0.6 26±5 700± 110 1.4 :t 0.2 0.42 :t O.l I.SO:t20 <100 45 t 4 14± I 250 :t 20 2.1 :t 0.1 1NW 5.1 t o . .s 3.2±0.4 9±5 200± lO 1.5 :t 0.2 <0.1 250± 20 <100 7.6 t 1.1 6±1 IBO:t 20 1.1 .t 0.1 4NW 5.8 ±0.5 2.5±0.4 10± .s 160± 20 2.1 :t 0.2 0.71 :t o . .s 100±20 <100 1.1 :t 1.1 611 160± 20 1.2 :t 0.1 5NW 6.1 :t O . .S 3.0±0.4 II t 5 260± 40 2.4 ±0.2 0.40±0.4 UO:t20 <100 II t I 7 t I 220± 20 1.6 :tO. I 6NW 6.2 :t o . .s 2.4±0.4 8±5 220± lO 2.1 t 0.2 O.Mt0.5 140± 20 <100 B . .S ± l.l 5:tl 190± 20 1.1 ± 0.1 



TAUU: A-1 (Conlinutd) 
lit: Li M1 M11 Ni N01 Pb 1'04 Kb so4 Ti Zn Local ion (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (pp•) (ppm) (ppm) 

IN 22±4 24 ± 2 3800 ± 380 710±80 IS ±2 6.0±0.6 18±2 IS ± I 120± IS 10 i I 4200±400 Sltl 2N I<U:4 21±2 1400±340 SJO:t SO 11 ±2 6.0±0.6 )]t] <0.6 120t 14 . 9.0±0.9 4300 t 450 41 :t 2 lN llt4 29:tl UOO:t ISO 400±40 6.S :t I 2.0 t0.2 II t2 <0.6 not 1s 4.0t0.4 1200 t 170 Sltl 4N 21±1 I.SO:t 90 400:1:40 4.7 :t I 6.0±0.6 211 :t 2 <0.6 ISO± II 4.0 ±0.4 1100 t 170 52± 3 SN 12 :t 4 2.S :t l 2400±240 l.SO:t 40 6.11 i I 10 tl 6St6 <0.6 120± n 4.0±0.4 llOOt 220 64tl INE 22 :t. 2S:tl 3700±370 740±70 14 ±2 21 ±2 II t2 <0.6 120t 14 59 ±6 3700 t 390 S2t 3 2NE 27±4 25:t] 4000±400 570±60 14 ±2 <0.9 20t2 2.0 :t 0.2 ISOt II 10 :t I JKOOt 390 521 3 JNE 14 ±4 24±2 670:t 70 390±40 1.1 t I <0.9 12 ±2 7.0 :t 0.7 120 t 14 6.0±0.6 BlOt 140 64±) o4NE IO:t 4 26:tl JIO:t .SO 460:t .so 2.7 t I <0.9 IH:2 o4.0t0.4 not IS 2.0 ±0.2 1000 t 110 71±4 SNE 17±4 26±1 1200:1: 120 470± .so 6.1 t I <0.9 32 :t 3 <0.6 120t I] 3.0±0.3 noo t 140 63 :t 3 6NE 22±4 26:tl 1600± 160 640±60 5.2 :t I <0.9 lOt] 3.0t0.3 130± IS 6.0±0.6 1200t 120 71±4 
IE 21±4 2St3 3100±110 630±60 IS ±2 7.0 :t 0.7 2.S :t 2 1.0 :t 0.8 120 :t 17 9.0 ±0.9 4100± 4SO 4.S :t 2 2E nt..e 2.S :t 3 4000:1:400 140± 80 19 t2 6.0 ±0.6 12 :t 2 <0.6 120 :t lo4 1.0 :t 0.8 4900± 280 .SO:t l JE 17 :t 4 24 :t 2 2700±270 430t40 6.9 t I II :t I 20:12 <0.6 IIOt 12 7.0 ±0.7 2900 :t 130 48±2 • 4E 27 :t 4 24 :t 2 1100± 180 4)0±40 6.1 i I 14 :t I 2.S :t 2 <0.6 90± II 14 :t I 2000± 240 62± 3 SE II :t 4 27 :t 3 1400± 140 390± 40 5.6± I 16 :t I 16± 2 <0.6 120± 14 S.O ±O.S 1700 t 210 Sl :t 3 6E llt4 26 :t 3 930t 90 360t40 1.2 :t I 4.0 :t 0.4 l:t2 <0.6 IIO:t 12 3.0 :t 0.3 11001 110 47± 2 7E 11 ±4 29± 3 1100± 110 400±40 3.8 t I 12 :t I 19 :t 2 .s.o :t o . .s llO:t 14 3.0 :t:O.l 790 :t I .SO 5.H6 
ISE IS -t 4 2St 3 27001270 390t40 1.1 t I 6.0t0.6 19t2 3.0 tO.l 90t 10 6.0 ±0.6 2SOO:t 2llO 4S :t 2 2SE IJ 14 19 :t 2 BlOt 80 440±40 3.8 i I <0.9 14t 2 2.S t2 120±14 34 t) ISO± 90 5913 JSE 7.14 26tl 860±90 420±40 12 t2 <0.9 1±2 <0.6 110± 12 2.0 ±0.2 9SOt 100 SBtl 
IS 29±4 2.St2 2200±220 S40:t .SO 1.7 i I o.s tO. I 21±2 94 ±9 120t IS 22 ±2 2100 :t 240 62 :t 3 2S 16t4 22t2 760:1 10 400±40 34 t I 4.0 :t0.4 19t2 23 ±2 I lOt 12 <0.6 IIO:t 140 S6:t 2 JS 22t4 22± 2 1100± 170 460:t.SO 13 ±2 12 :t I ll :t 2 S.O ±O . .S lOOt IS S6 ±6 4000± 920 60:1 j 
ISW ll:t 4 24t2 3400t340 460:t .so 1.6 i I <0.9 19 :t 2 0.3 ±0.1 120± IS 1.0 ±0.8 4200 :t 430 49tl 2SW 20±4 27 :t 3 3000tl00 .S20tSO 1.5 1 I 6.0 ±0.6 20±2 <0.6 120t 14 9.0 ±0.9 3100± 340 Slil 3SW 29±4 21:tl 2100t210 330:tl0 10 ±2 <0.9 24 :t 2 2.0 ±0.2 IIOt 14 11 :tl 1400± 190 56± 3 
IW 17t4 22±2 3300±330 690±10 16 t2 I.OtO.I 2.5±2 4.0t0.4 120 :t IS 10 t I 4200± 250 41t2 2W 22t4 2.5 :t 3 3600± 360 670t70 II ±2 6.0 ±0.6 24t2 10 :t I JID:t 20 10 t I 3100 :t 400 46t2 3W 16± 4 20± 2 3000±300 J40:t so 9 . .5 :t I 22 ±2 25t2 4.0 ±0.4 120± IS 10 :t I 3600 :t 220 )9±2 4W 23 :t 4 26± 3 3900± 390 6.SO:t 60 16 t2 .S.O :t:O . .S 2j ±2 2.0t0.2 110± 14 . 2.0 t0.2 )900±410 4St2 SW 21 t4 24 :t 2 3900± 170 600±60 14 ±2 26 ±2 23 :t 2 <0.6 120 :t 14 12 :t I 4200 :t 240 41 t2 6W IO:t 4 21±2 )JOO:t 330 SJO:t SO 12 t2 1.0 :t:O.I 2.5 :t 2 <0.6 lOOt 14 7.0 t0.7 o4300:t 460 42t2 1W 18t4 23± 2 2700±270 S70t60 12 t2 6.0t0.6 2lt2 <0.6 120 :t 14 7.0 :t 0.7 4SOO:t 260 38 :t 2 
INW 31±4 23 :t 2 3400 :t )40 660± 70 16 t2 2.0 :t 0.2 98t9 1.0 t0.8 110 t 13 12 :t I 4300t 440 47 i 2 2NW 20± ... 22 :t 2 )300 :t 330 640±60 14 :12 4.0±0.4 24 :t 2 <0.6 no :t 16 9.0 :t 0.9 4400 i 460 ]9:t 2 JNW IK:t 4 24± 2 1100 t 110 JJOt 30 4.5 t I 2.0 ±0.2 22 ±2 <0.6 lOOt 12 1.0 ±0.1 940± 160 48± 2 4NW 20t 4 2Kt l 9SO:t 100 l60t40 1.6 ±I 2.0 t 0.2 16 :t 2 2.0 t 0.2 not u 4.0 t 0.4 940:t ISO S6t l SNW 714 39±4 1200± 120 600:t 60 4.11 i I <0.9 22 t 2 <0.6 160± 17 2.0 :t0.2 1200 i 1(.0 IIOiS 6NW Ui4 2112 1100:1110 370±40 1.7 i I 1.0 i 0.1 23±2 0.1 :t 0.1 110± ll 3.0 i 0.1 1100 i 170 52 :t l 

lA •1nsufficicn1 SlffiJllc for analysis where no da1a arc rcpor1cd. Unccrtainlics rcprcscnl anal)'lical unccrtainlics. 
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TABLE A-11. Grass: EltiMDial Coac:~alnlioas8 

AI As B Ba B~ Dr Cd Cl Cr Cu ... 
Locatio• (ppm) (p .. ) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (pp•) (ppm) (ppm) 

IN IJOO± 310 dUll <10 160 ±20 2700±400 S.O±O.S 1.6±0.2 2N ISOO± 460 0.17±0.0S 22±S 130 ± 10 1700±260 4.3 ±0.4 2.6±0.) lN 210± 70 0.06±0.02 1±S 16 ± 2 <0.2 1.500±220 3.1 iO.l 2.4±0.2 4N 4400± 1100 <0.01 6±S «± 10 21±2 )I ± l <0.2 2400 ± 360 4.0 ±0.4 J.HO.l 2.2±0.2 SN 320± 100 0.32±0.o6 14±S 9()±20 IIi: 2 20 ± 2 2000±300 3.7 ±0.4 4.4:10.4 1.3 i: 0.1 
1NE 720± 220 O.S7±0.10 d 110 ±10 2400± 360 1.S ±0.1 0.8±0.1 2NE 460± 140 0.2S±0.06 ItS 32 ± l IS00±220 ll ±l.l 0.9 i: 0.1 lNE 260± 10 O.SS±O.OI 2l±S 10 i: 1 900± 140 9.7 i: 1.0 0.7 i: 0.1 4NE 280± 90 0.23±0.05 d II ± I 0.07 ±0.01 I.SOO:t 230 6.1 ±0.6 0.6 i: 0.1 SNE 220± 70 O.SI ±0.07 9±S 10 i: I 2600±310 6 . .5 ±0.7 0.6±0.1 6NE 300± 90 O.Sl±O.OI I±S 13 i I ISOO:t230 4.1 ±0.4 0.7 i 0.1 
IE 1300± )80 0.17±0.06 <S .51 i s 1400±210 3.9 ±0.4 0.9 i: 0.1 2E llOi 90 0.08±0.0.5 d 34 i ) 960± 140 2.1 ±0.2 U±O.J lE 2000± 610 0.1.5±0.07 13iS 29 ± ) <0.2 2100±310 9.6± 1.0 1.6± 0.2 4E 240± 70 O.SO:t0.07 11:1 s SOtiO 4±2 12 :t I 910± ISO 2.1 :t 0.2 S.OtO.S 1.1 ± 0.1 .SE 290± 90 0.19±0.07 d so ± s 2700± 400 2 . .5 iO.l 0.8 :tO. I 61: ISOt .so O.JI ±O.OS IO:t S 6.2 :t 0.6 <0.2 IJOO:t 190 1.6 ±0.2 0.8 ± 0.1 7E 2SOt 10 0.61 ±0.08 lOiS 42± 10 6±2 11 t I <0.2 1400±220 l.S ±0.4 S.O:tO.S I.Oi 0.1 
ISE no± 100 0.33±0.06 ItS 13 ± 10 17± 2 12 ± l <0.2 IS00±220 3.3 iO.l 6.6±0.7 0.9±0.1 2SE 260± 80 0.24±0.04 9:tS 86±20 l:t2 2.7 ± 0.3 <0.2 400± 60 3.1 ±0.1 4.8± O.S I.Oi 0.1 lSE 240± 70 0.32±0.06 14±S 90±20 1±2 33 ± ) <0.2 2100± 320 7.6±0.8 14 ± 1.4 0.9±0.1 
IS 290± 90 0.19±0.04 12± s )) ± I IIOO:t 160 3.9 ±0.4 0.6±0.1 2S 250 :t 70 0.21±0.04 IO:t S 2S i 2 1600±240 3 . .5 ± 0.4 0.7±0.1 3S 240± 70 0.39±0.06 d 90±20 <) IS ± 2 <0.3 6000±890 13 i 1.1 6.9±0.7 0.7±0.1 
ISW 460± 140 0.31 ±O.OS 2l:tS 22± 10 6:t2 3.9 ± 0.4 <0.2 340± .50 3.9 ±0.4 9.2±0.9 1.2 :tO. I 2SW 250± 70 0.29±0.0S. 9±S 4S± 10 6±2 19 ± 2 <0.2 1300± 200 3.S ±0.4 7.6±0.8 0.7±0.1 lSW l40:t 70 0.31 ±0.07 d 150±10 S±2 2l :t 2 <0.2 S600±BSO 13 ± 1.3 3.9±0.4 0.6±0.1 
IW ISOO:t 460 0.11 ±0.12 l4±S 77 :t I 1600± 2.50 6.9 :t0.7 3.4±0.3 2W 600± 180 0.37 :t 0.11 d 100±20 10±2 98 ±10 <O.S 1900± 210 4.1 ±0.4 3.4±0.3 I.Ji 0.1 lW 1100± 340 0.72±0.13 12± s «± 10 10±2 ISO ±IS <0.2 4200±610 S.9 ±0.6 6.1± 0.7 1.2 ± 0.1 4W IIO:t 240 0.41 ±0.10 26i:S 69 ± 7 940:t 140 3.2 ±0.3 9.7± 1.0 1.6:t 0.2 sw 0.96±0.14 12± s 91 ± 9 2300± 340 13 i 1.3 II ±1.1 Ui:O.J 6W 1200± 3SO O.S9:t 0.10 29±S 200±40 42±4 12 ± 7 <0.2 2400± 370 2.1 i: 0.2 7.6:10.8 1.0 :t 0.1 
7W 710± 210 0.20±0.06 II iS 32± 10 16±2 37 :t 4 <0.2 2000±300 S.l ± O.S 0.1 :t 0.1 
INW 880± 260 0.29 ±0.08 1:tS 47 ± s 1900±280 S.2 tO.S 1.1 ± 0.1 2NW S40i 160 0.62 ±0.11 17 :t s 24 i 2 410± 60 6.3 ±0.6 1.1 ± 0.1 JNW 190± 60 O.ll :t:0.04 II t .S 5.9 :t 0.6 1100 i: 270 8.1 10.8 0.6±0.1 
4NW 390± 120 0.22±0.04 <S IS i 2 970± ISO 4.310.4 0.9±0.1 
.SNW 220± 70 0.25 iO.O.S <S 17 i 2 2300:t 350 6.3 ±0.6 0.7 i: 0.1 
6NW ISO± so 0.32 tO.OS 9t.S 19 t 2 1900± 290 2.8 iO.l 0.7 :t 0.1 



----------------

TABU; A-ll (Coolinu~d) 

.-~ Li Ma Mn Ni N01 Pb a•o4 Rb so. Ti Zn Local ion (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 490± 100 .S2 t II 110 t 10 2.SOO.t 2SO 4.4 t 1.2 )60± 40 2N .S40± 100 4.St 10 810 t 80 1400 .t 140 4.9 .t 1.2 4.SO .t .SO JN 90± 20 28± 6 4.0 .t 0.4 2000± 200 .S.J ± 1.2 990 .t 100 4N 810± 160 0.20±0.10 llOOt llO .S2 .t II 18 ±2 1300 .tllO J.O .t 1.0 2000 t 200 18 .t 1.2 270± )0 21t) 9.4 .t 0.9 .SN UO.t I 30 <0.20 1200± 120 17 .t .s 7.0 .t 1.0 4.SO ±.SO 2.0 .t 1.0 1100 ± 110 7.1 .t 1.2 .S70± 60 16 .t ) 21 ±2 
lNE )()() .t '60 J9.t 8 200 .t 20 2600± 260 II .t 1.2 920± 90 2NE 270± .so 33 .t 1 93 .t 9 2100±210 2.2± 1.2 IJOO .t IJO JNE 240± .so 73 .t 15 <0.9 2000± 200 4.3 t 1.2 .S20 .t .so 4NE 140± 30 32± 1 190 .t 20 2000±200 6.4 t 1.2 .S40i .so .SNE lOOt 20 3.S:I: 1 300 :1:30 2000 .t 200 9 . .S i 1.2 470 .t .so 6NE lOOt 20 .S7 .t 12 200 .t 20 IJOO .t 130 2.6 .t 1.2 740± 70 
IE 460± 90 J6± a 200 :1: 20 1600 .t 160 5.4 .t 1.2 320 .t JO 2E IIOt 20 2H: .S 100 i 10 1900± 190 <1.2 610± 60 JE 230± 40 17± 4 600 ±60 I.SOO i I .SO .s . .s i 1.2 1100 i 110 4E IIOt 20 <0.20 1100 :t 110 21 :t .s J.S i4 I .SO :t 20 . <l.O 1100 :t 110 3.6 .t 1.2 1120± 110 16 :t l 14 i I .SE 110± 20 24 .t .s 410 ± 40 700± 70 II ±1.2 230± 20 6E 60± 10 31± 6 2.SO i 30 2000±200 4.2 ± 1.2 990± 100 7E 90± 20 <0.20 1200 .t 120 ll± 6 IS ±2 60 .t 6 1.0± 1.0 820± 80 2.7 .t 1.2 1200 ± 120 12± 3 16 i 2 
ISE l~t JO O . .SO i O.O.S 820± 80 26:1: .s 28 .tl 270 .t )0 1.0 ± 1.0 1900 t 190 2.2 .t 1.2 ISOO t ISO 29 :t J 12 :t I 2SE 170 t 30 0.37 i 0.04 1100 i 110 ° 79 .t 16 20 ±) 260 ±30 1.0 :t 1.0 II 00 .t II 0 2.6 ± 1.2 270 ± JO 2.S :t 3 22 t 2 JSE 150± 30 0.20±0.10 ISOO ± I .SO 32± 1 29 ±l <0.9 1.0 ± 1.0 1100 :t 110 U.t 1.2 320± JO 17 ± 3 24 ±2 
IS not 20 2.S .t .s 100 .t 10 1700 t 170 4.4 t 1.2 840:1 80 2S 70t 20 30± 6 100 t 10 2J00t 230 3.8 .t 1.2 9.SO.t 90 3S 200± 40 <0.20 1500 :t I .SO 64 .t 13 32 ±4 660 :t 70 <1.0 2000± 200 2.3 i 1.2 IJO .t 10 16 .t l )9 ±4 
ISW 160± 30 0.71 .t 0.07 1100 .t 110 lBO ± U 22 ±3 600 ±60 l.Ot 1.0 760± BO <1.2 290± JO 22 .t J 16 ±2 2SW l.SO± 30 0.3.S .t 0.04 910± 100 61 i 12 2B ±l <0.9 <1.0 1400± 140 2.1± 1.2 1100 i 110 24 ± J 19 ± 2 3SW l.SO± 30 <0.20 IJOO± 130 60± 12 20 ±3 lBO :1: 20 <1.0 4700.± 470 7.0± 1.2 .S90 ± 60 36 i 3 .S2 .t .s 
IW 720± 140 17:1: II 1200 :1:120 4100±410 8.0± 1.2 1200 .t 120 2W 270:1: .so 0.27:1:0.10 610± 60 Jli I 24 ±J 110 i 10 <1.0 1900 :t 190 .s.o :t 1.2 8110 .t 90 88 .t 8 14 .t I JW 610:1: 120 0. 7.S :t 0.01 1100:1: 110 .S4 :1: II 2.S ±3 690 ± 70 l.O:t 1.0 3100:1310 7.0 :t 1.2 970 i 100 .S6 ± .s 23 ±2 4W 3.SO± 70 0.4.S ± o.o.s 1000± 100 .S9 :1: 12 1100 ±110 4.0:1:1.0 3200±320 2.6± 1.2 4.SO i .so .sw .SilO± 120 41:1: 9 200 ± 20 1800± lBO 4.8 :t 1.2 7.SO± 80 6W 470± 90 0.34:1:0.03 ISOO.ti.SO 52±11 34 ±4 1100 ±IJO 1.0 .t 1.0 2400 .t 240 6.9 .t 1.2 740 t 70 2.SO .t 2.S 22 ±2 7W 430± 10 0.21:1:0.01 ,700± 170 74± 15 .s.s ±6 310 ±30 1.0 :t 1.0 1600 :t 160 .s.o t 1.2 1100 t 110 64 t 6 u ±2 
INW JBO.t 70 Jlt 8 240 t 20 2100 .t 210 J . .S i 1.2 BIOi 80 2NW 270± .so 170:1:33 140 :1: 10 910± 90 <1.2 11110± 90 
JNW 110 .t JO 26± 6 1200 ±120 1900 :t 190 8.1 ± 1.2 2110± 30 4NW 170± JO 26± 6 290 :t 30 1300 t 130 4.Ji 1.2 120:1 10 .SNW 160± 30 )Ji 7 960 ±100 2000±200 6.1 i 1.2 170± 20 6NW BOt 20 13± J 380 ±40 980± 100 2.11 i 1.2 8.SOi 90 

- 1 lnsufficiena sample fw analysis where no daaa are reponed. Unceraainaies rcpresena ~nalytical uncmainaies. -.l 
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TABLE A-111. Juniper: F.ltmealal Conc:ealralions• 

AI As 8 Ba De Dr Cd Cl Cr Cu F Localioa (ppiD) (pp•) (pp•) • (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 300±90 0.17 ±O.O.S 28±.5 26 ± 3 790± 120 J.7 ±0.4 0.40±0.04 SN 560± 160 0.08:1:0.02 11 :1: .s 9 . .5:1: 1.0 0.13± 0.01 780:1: 120 4.7 ± o . .s 0.30±0.03 

INE 400± 120 0.10:1:0.03 16±5 33 ± 3 1200± 180 4.0±0.4 0.40± 0.04 2NE 270:1: 80 o.o.s :1: 0.02 22:1: s .S . .SiO . .S 1100 i 170 .5.9±0.6 0.30±0.03 3NE 2.50:1: 70 0.06:1:0.02 27 :1: .s 6.3±0.6 0.11 i 0.02 1200± 180 3.0±0.3 0.10± 0.01 

IE 260± 80 0.10±0.04 23 i .s 38 i 4 0.10±0.02 IJOO ±200 2.0±0.2 0.10± 0.01 21! 240± 70 0.06±0.03 24 ± .s 22± 10 12±2 42 ± .s <0.20 920± 140 2.9±0.3 4.7 ± o . .s 0.30 ± 0.0} 3E 200± 60 0.06±0.02 18 ± .s 7.6±0.8 0.20± 0.02 460± 70 2.9±0.3 0.10± 0.01 4E 140± 40 <0.02 16 :1: .s 3.7 ±0.4 3.50 ± .so s.o :1: o . .s 0.10± 0.01 .SE ISO± SO 0.04±0.02 IS :t .S 4.3:1:0.4 0.22±0.02 540:1: 80 3.5±0.4 0.10± 0.01 7E 280:1: 80 0.1.5±0.02 16 :1: .s .52:1:20 27 ±2 3.8:1:0.4 <0.20 480± 70 1.6:1:0.2 3.6±0.4 0.10±0.01 

ISE 480± ISO 0.1.5:1:0.04 17:1: s 290:1: .so 29±3 5.1 ±0.6 <1.0 460± 70 1.5 ±02 4.0 ± 2.0 0.20 ± 0.02 

IS 2.50:1: 70 0.08±0.02 21 :1: .s 3.2±0.3 0.10±0.01 800± 120 .5.9±0.6 0.20± 0.02 

ISW 330:1: 100 0.06:1:0.02 23:1: .s 31 :1: 10 14 ±4 3.6±0.4 0.10 i 0.10 710:1: 110 1.7 :1:0.2 3 . .5 :1:0.4 0.10:1: 0.01 

IW 310:1: 90 0.14:1:0.04 22 i .s 34 ±3 0.13± 0.01 990 ±I .SO 2.9 ±0.3 0.60± 0.06 2W 2.50:1: 70 <0.03 34±.5 28± 10 II ±2 JO ±3 0.2.5 ± 0.10 1100± 110 2 . .5 i 0.3 .5.9 i 0.6 0.40 ± 0.04 3W .520±220 0.08±0.03 27±5 180±40 12 i 2 27 ± 3 <0.30 830± 120 4.0±0.4 9.4 i 0.9 0.30 ± 0.03 4W 460± 140 <0.03 .SO± s 83±20 24±2 .SI ±S 0.10±0.10 1400± 210 4.6 i o . .s 7.7±0.8 0.30±0.03 6W %0± 290 0.06±0.04 29 i .s 220±40 22±2 6.5 i 1 <0.70 2000±290 4.7 ± O.S 10 ± 1.0 0.40 ± 0.04 7W 430± 130 0.06±0.02 22±.5 44±10 14 i 2 18 i 2 <0.20 780± 120 1.9 i 0.2 4.7 ± O . .S 0.30 i O.Ol 

INW 300± 90 0.08 i 0.04 21 ± .s 32 i l 970± 1.50 4.1 ± 0.4 0.10± O.ol 
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TABLE A-111 (Coaliaued) 

Fe Li Ma Mn Ni N01 Pb P04 Mb so,. Ti Zn l.ocalion (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 140± 30 SSt II <0.9 2400±240 1.9 ± 1.2 610± 60 SN 200± -40 37± 8 43± 4 1100± 110 3.0± 1.2 180±20 I 

INE 180± ..0 38± 8 98± 10 -4300±430 6.9± 1.2 830±80 2NE 140± 30 51± II II()± 10 3800± 380 2.4 ± 1.2 790±80 3NE 110± 30 58± 12 <0.9 1400± 140 2.9 ± 1.2 440±40 

IE 90± 20 44±9 88± 9 3400± 340 3.4 t 1.2 S20t SO 2E 60± 10 <0.20 2SOO i 2SO .S6 t II 9.0± 1.0 130± 10 <3.0 3200± 320 1.9 ± 1.2 3S0±40 30± 3 20 ±2 ' 3E 80± 20 38± 8 90± 9 1500± ISO 2.1 t 1.2 280± 30 4E 70± 20 26± s 88± 9 1600 i 160 s.o i 1.2 220±20 SE 80± 20 37 ± 8 97± 10 1200± 120 2.0 t 1.2 280± 30 7E 110 t 20 0.24 t 0.10 1700 t 170 43 ± 9 3.0± 1.0 ISO± 20 3.0 ± 1.0 1600± 160 1.8 t 1.2 S30tSO 41± s 19 t 2 

ISE IHO t 40 <1.0 1700± 170 30± 6 2.0± 1.0 130± 10 4.0±2.0 1200 t 120 <1.2 170 t 20 I .SOt 20 9.2± 0.9 IS 140± 30 .S3± II SSt S 1900± 190 2.6 t 1.2 340±30 

ISW 110 ± 20 <0.20 2300±230 46± 9 2.0 ± 1.0 71± 1 <3.0 1600± 160 1.9 i 1.2 240± 20 23± 6 24 ±2 

IW 160± 30 .s-4±11 240±20 2200±220 <1.2 370±40 2W 140± 30 0.20±0.10 2S00±2SO 62± 13 11.0±2.0 120 i 10 <3.0 2100 i 210 2 . .S ± 1.2 820±80 16t 3 21 t s 3W 190± 40 0.30± 0.10 3000± 300 .SI ± 10 4.3±0 . .S 110± 10 1.0 t 1.0 3100 i 310 3 . .S t 1.2 .S60t 60 6.S t 6 20 ±2 4W 240 ± 40 • o.1s ± o.04 2600 ± 260 sa ± 12 1.9 ±O . .S 110 ± 10 2.0 ± 1.0 3400 t 340 4.7 t 1.2 .S20 t .so 48± 3 27 ±3 6W SOOt 100 0.44 ± 0.04 3600 ± 360 SS i II 9.8 ± 1.0 110± 10 <3.0 3400± 340 4.1 t 1.2 600±60 I.SOii.S 27 t) 7W 170± 40 0.41 ± 0.04 2000 ± 200 44 ± 9 4.1 t o.s 110± 10 <3.0 2400± 240 1.1 t 1.2 120± 70 78± 8 19 t 2 

INW 160± 30 S6t II 90±9 2400±240 4.3 t 1.2 .S90 t 60 --
•Insufficient sunple for analysis where no da1a ue rc:porlcd. Uncc:rtainlic:s rc:presc:m analy!ical uncertainties. 

-\£) 
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TABLE A·IV. Piioll: Elc-.e•lal CMU•Iratlc.s• 

AI AI 8 
Local- (pp•) q.,.) <PP-) 

2N 140 t 40 <0.03 18 t .s 
3N 190 t 60 0.09± 0.03 14 t .s 
4N 130 t 40 0.11 t 0.()4 22 t .s 

4NE 220 t 70 o.a.s ± o.ol 22 t .s 
5NE 140 t 40 0.10± 0.02 21 t .s 
6NE 180 t 60 0.11 t 0.03 11 t s 

6E 140 t 40 o.a.s ± 0.02 2.s t s 

2SE 250 t 70 0.20± 0.03 17 t s 
3SE 310 t 90 0.17 t 0.03 28 t .s 

2S 230 t 70 0.08± 0.02 19 t .s 
3S 290 :t 90 O.lO:t 0.04 18 :t s 

JSW 220 :t 70 0.21 t 0.03 46± s 

sw 280 t 80 0.19 t 0.04 2) t s 

2NW 100 t 30 0.18 t 0.05 17 t s 
3NW 290± 90 O.I.S t 0.03 17 :t s 
4NW 200 t 60 0.14 :t 0.04 23 t s 
SNW 230± 70 0.08 t 0.02 25 t .s 
6NW 120 t 40 0.09± 0.02 23 t .s 

•• Be 
(pp•) (ppb) 

27±10 18 t 2 

28±10 ll t 2 

17±10 8±2 

<100 24 t 4 

f 

Dr Cd Cl Cr Cu F 
(pp•) (pp•) (pp•) (pp•) (ppm) (p,.) 

19 ±2 320 t .so 2.9 t 0.3 0.40 t 0.04 
7.9 t 0.8 230 t 30 3.6· t 0.4 0.30 t 0.03 
.s.o t o..s 0.10 t 0.01 420 t 60 3.1 t 0.3 0.30 t 0.03 

IS ±2 280 t 40 4.2 t 0.4 0.10 t 0.01 
.S.I t o..s 470 t 70 2.8 t 0.) 0.10 t 0.01 
9.9 t I 330 t .so 2.3 t 0.2 0.10 t 0.01 

6.0 t 0.6 <0.30 400 t 60 1.4 t 0.1 2.2 t 0.2 0.10 ± 0.01 

.S. I± 0.5 0.10 t 0.02 260± 40 1.9 t 0.2 7.0 t 3.0 0.20 t 0.02 
8.3 t 0.8 0.20 t 0.01 370 t 60 3.6 t 0.4 2 . .S t O.l 0.10 ± 0.01 

1.7 t 0.2 <0.20 440 t 70 1.0 ± 0.1 0.10 ± 0.01 
7.3 t 0.7 <O • .SO 230 t 40 1.8 :t 0.2 4.0 t 1.0 0.20 t 0.02 

9.4 :t 0.9 4000 t 600 4.1 t 0.4 0.20 t 0.02 

.s.s ±6 o.o.s t 0.01 710 t 110 2.1. :t 0.2 0.70 ± 0.07 

41 ±4 460 t 70 6.8 t 0.7 0.10 ± 0.01 
9.1 ±I 390 t 60 5.2 :t 0.5 0.10 ± O.QI 

29 tl <8.0 450 :t 70 3.3 ± 0.3 <IS 0.10 ± O.QI 
3.0 ± 0.3 250 ± 40 4.8 ± o.s 0.20 ± 0.02 
3.6 ± 0.4 330 ± so 2.7 ± 0.3 0.10 ± O.ol 
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TARLE A-IV (Coa&i•ued) 

Jo'e IJ Ma M• Ni N01 ..., 
P04 · Rb so4 Ti Za Luc:a&io• (pp•) (p,.) ( ... ) (pp•) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

I 
2N 72±20. 74 ±IS <0.9 <0.6 4.8 ± 1.2 19 ± 2 3N 110 ± 20 190 ± 39 8± I 1600 ± 160 4.9 ± 1.2 1000 ±100 4N 53± 10 100 ± 18 <0.9 2400 ± 240 9.8 ± 1.2 730 ± 70 

4NE 95 ±20 500 ±100 <0.9 820 ± 80 2.7 ± 1.2 1300 ±130 5NE 40 ± 10 220 ± 44 <0.9 2000 ± 20 3.8 ± 1.2 770 ± 80 6NE 47 ± 10 150 ± 31 100±10 800 ± 80 1.6 ± 1.2 470 ± 50 

6E 40 ± 10 5.3 ± 0.5 2000 ± 200 86 ± 17 2.2± 0.5 <0.9 1.0 ± 1.0 2200 ± 220 S.3 ± 1.2 840 ± 80 13 ± 3 39 ± 4 

2SE I)C) .t 20 7.0 i 2.0 1200 ± 120 130 t 25 <0.9 <20 1400 ± 140 4.0 ± 1.2 610 ± 60 3SE 130! 30 1.1 ± 0.1 1800 i 180 190 t 38 3.Si 0.5 SOtS 1.01 1.0 890 ± 90 1.8±12 960 ±100 II± 3 23 ± 2 

2S 70 i 20 2.7 ± 0.3 1700 ± 170 150 ± 31 4.1 ± 0.5 <0.9 3100 ± 310 6.7 ± 1.2 6.50 ± 70 13 ± 3 39 ± 4 3S 150 ± 30 0.7 ± 0.5 1600 t 160 120 t 24 62± 6 <3.0 1100 i 110 <1.2 sso ± 60 28 ± 3 

JSW 120 ± 20 76 tIS 130±10 1300 ± 130 <1.2 420 ± 40 4.01 0.4 sw 130 t 30 .sa± 12 110±10 2500 ± 250 3.3 ± 1.2 360 ± 40 

2NW 94 ±20 11 ±IS 92±9 3200 ± 320 3.3 ± 1.2 130 i 10 
JNW 89 ±20 340 t 70 120±10 1100 ± 110 1.5 ± 1.2 1100 ± 110 
4NW 60 t 10 <8.0 3100 t 310 540 ±110 12 ±10 100±10 <99 1600 ± 160 4.6 ± 1.2 630 ± 60 340± 100 69 ± 7 .SNW 86 ±20 460 ± 90 <0.9 2400 ± 240 6.8 ± 1.2 1700 ± 170 
6NW 79 ± 20 61 ± 12 <0.9 1400 ± 140 .S.8 t 1.2 460 :t .so 
•tnsufficiena sunplc: for analysis where: no dala arc: reported. Uncc:nainaies rc:prc:sc:nl analyaical uncc:nainaies. 

N 
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TABLE A-V. Oak: .. lem~alal Conctalraliom8 

AI As B Ba B~ Dr Cd Cl Cr Cu ... Localioa (ppm) (pp•) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

lN 8601260 0.441 0.07 811 8 12 i I 6S 110 3.S i 0.4 0.601 0.06 
2NE 300190 0.071 O.oJ 6216 3.1 1 0.3 200130 2.9 ± 0.3 0.20 ± 0.02 
2E 1«1 1230 0.161 0.()4 6917. 16 12 0.341 0.03 230 ± 30 2.4 ± 0.2 0.20 .t 0.02 
ISE 3701110 0.201 0.03 481 s 25110 18 ± 2 S.3 i O.S <0.20 260 i 40 2.2 ± 0.2 s.s l 0.6 0.10 ± o.oa 2SE 6SO 1200 0.131 O.oJ 6316 18110 2913 3.4 10.4 <0.20 360 i so 1.9 l 0.2 7.3 i 0.7 0.20 ± 0.02 
IS 3SO 1110 0.101 0.04 6617 S.3 ± O.S 280 ± 40 6.S i 0.7 0.20 ± 0.02 2S sao ±180 0.141 0.04 7918 73±20 90± 9 S.3 ± O.S <0.20 280 ± 40 3.3 ± 0.3 8.1 ± 0.8 0.40 1 o.o4 
ISW 4701140 0.12 ± 0.04 48 ± s S.4 i O.S 380 i 60 6.9 i 0.7 0.201 0.02 2SW 210 i 60 0.14 i O.OJ 491 s 2.2 10.2 240 i 40 6.4 10.6 0.20 i 0.02 

··~ u M1 . M• Ni NOJ Pit 1"04 Rb so. Ti Zn Lucalioa (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppna) (ppm) (ppm) (ppm) 

lN JS0170 4301 86 <0.9 1901 20 <0.6 

lNE 190140 2201 43 <0.9 19001190 230± 20 

2E 2801«1 3901 78 1201 10 28001280 930± 90 24 ± 3 18.12 

ISE 180140 0.3110.03 23001230 S001100 4.8±0.5 80110 <3.0 11001110 18 12 200± 20 34110 26.13 . 2SE IS0130 7.1 10.7 24001240 SS01110 4.0± 1.0 110± 10 <3.0 1400± 140 26 ±3 290± 30 

IS 140130 4SO± 90 100± 10 1800± 180 490± so 
2S 210±40 S.4 ±O.S 2800±280 590± 120 4.4 ±O.S 130± 10 3.0± I 2S00±2SO 5.9 ± 1.2 990 i 100 30± 3 JOt 3 

ISW 240±SO SOO± 100 190± 20 1600± 160 250± 30 
2SW 170±40 87Gt 170 120± 10 1600± 160 JHOt 40 
•ansufCicienl sample for analysis where no data are reporled. Unccrtainlies rcpresenl analytical uncatainlies. 
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many tala c:outa.aliJWtian from 
SWMDI willflady exceed action 
levels. The Agency befievn tD.t the 
di'9VIIttJ af SWMth and CDDtamination 
scenario~ caHa for tom. disaetion in the 
requirement to perform lt.t:WticaJ 
analytU. For example. in IO'IDe 
eituat'ora, contaminatiaD from a SWMU 
may be lmown to be extmsnoe in atze 
and concentntion. In such situations. 
etati.Ucal anaJ,.ea are not needed to 
determtne that an action len! bu been 
exceeded. In other 1ituationa. a 
contamiDant relaue at a SWMU may 
not be n:ten8ive enQUib leither in lize 
or concentration) to c:la..dy iDdicate 
contammatioa. In fh ... caa ... a 
atatiatica.l tnt may be l"8qUiNd to 
determine ff a releaM baa actual)y 
occurred iD excne ofac:tton levels. 'nut 
Apncy Nqae.U coaunent on it8 
propoeed approach of proY'idinl 
di.Jc:reacna to the Repm.J Adlni:Din8tor 
in requiJ 1xaa nmutical anaty..., and aa 
the a.hlraatm of maJdq IUch u.a}JM8 
mandlahftJ Ill determillial wbether 
acttcmlevell baft been exceeded. 
n. ApncJ examined lnat did DOt 

propoM two aJtemativll tD f'lq1IUiDI the 
Cornc:Un Meuure Studr wbicb did aot 
lnvolft tbe 11M of ac:Uoa J.vela, Under 
one approach. tb.e A,_,:r would ban 
reqaUed 1be P.Jnlliftft to coachlct • 
CorncUft Milal1n StadJ conc:aa.ntt, 
witb tbe Nlllecblillflltiptilaw 
conducted parnaat tD I ZM.ItO. u.ler 
thU optiaa. tbe lt.fat:J woald bft aRd 
the NJU trtawr for~ a CMI u 
Ia UMd to reqain an RPI-Cbe f!.adlat of 
an exiltiat or Ubty rwleue pumuull tD 
Ul RFA. 'l'1lil alterutlft ... Njec:t..t 
becnR of ttl potntlat for Mtuirbli 
UDDecnN!'J ltad1ft. 

The MCOilCl altarutm COMidend br 
the Ap/IJI:J woald ban requind die 
pcmiU. to COilchac:t a CorrKilN 
Meuan StadJ cndJ .ttwr caarplilliDia fill 
the ramedialla..-tlpliaD ~ 
pumwst to ,.,.-1211.510 Ulll a 
determiDaticm of tbe aeecl 8D pruteal 
hUDWl bealtb ud tba &tbWL If 
the ApDq bad aclopM tlda appocc:la. 
it would aot have~,. .... 
to coa.duct a CMS IIDII • 
contammation and cow••..-• aoarea 
at the fadllty wen fair ' w:tliiiLtwcl · 
and fha need for couwatltw ......_at 
the fadlilJ wu •tahlt+wt. 'l1le Afi1/IIC'I 
rejected the altematiw beca1llt of tba 
delay tbat would be aaaoctaqd witlt 
conducttq theM pbuet of the 
inveattcattona aequeatiaDJ even in caMI 
when eaty data iDcllcata diG 
resucliatioD il btPtJ lfJntr to be 
reqairwd. 

The A.fnt:J alto examiMd alterutift 
approac:bel for Mnlalactioa laftla. Ou 
altemattve would haft required a 

Corrective Meatare Study whenever 
bac.kgroWld levi!U of ccmtaminantl were 
exceeded. Expemme1t iD the tubpart P 
program hat demomtrated that the 
dettmnination af baclcgrouad leve!a can 
be alensthy. controvereia.l procen. 
Furthermore. badt3round Ieveli will 
often be moc:D lower tha health-based 
levels. nn.z.. thia altel"D8tiYI wu 
rejected. l'iDce it milbt det.y tbe 
initiation of the CMS and altimate 
cleanup. and might often require 
Comtettve Meann Studi11 nan where 
levels wen lipi:flcudy below beatdl 
and em1ronmental-bued tt&Ddarda. 

A ucand ahernatit'e wouid ban 
reqtait'id a CMS whenner ctem:tton 
limitl wen exceeded. This .t~e 
waa alto rejected. liDcl ctet.ctlOil tbaita 
can be c:IHftcatt to define .- do IIIIJt 
dlracttr relate 1D the .,.a of comctt" 
action: tbm & protection of bumu 
health and tbe emtronmat. 

The Aa•ncr allo corwidmld but did 
not adopt Ul de!Uti9W ror reqlliziDI 
the Correcttnt Meuun ShldJ thet 
would involve dae 11M of. ranae r4 
acttaa ..... Ia. tbier tbia app ......... aw 
Apnt:J would aelect coatitaent· 
1pec:iftc acttoalenla wtddD tile 1 x r• 
tot xt~Ttlk rap t..- oa tD 
expoeun acaliario. propoeacllllldlr 
It Z81.SZ1 (a){Jl, (bl. fc}(S1. and t~ 
dependq aa 1M llktUhood dlat 
exponre woahl ill fac:t ocea. Par 
exampt.. flU. AfDt:l '»aad be 
coaWM:ed 1bat tben II a mfntonal 
oppor.hlailJ far bumu ftJN II~ 
one medlUIIl or anenl.-cla. an actt. 
level could bl ..aablilbed • tba 1 X'l«r1 

rtak lnaL '!'btl attllraattv. ... 
c:.ollllidwnll becaliM dl8 A..-:r il 
conc:erud •boat tile PDMibllltr 1ta.t 
101M SWMUa llliPt be twta ed IDtD a 
CMS at tile 1X .... 1nwii'ND ....... 
.., do DGt,.... *-ttD ........ 
b..ttb adtbe ......._ ... tD. lack., ............ ....,_, 
futan ap ....... AldlaaP Ilia die 
Allacr'• t1ww*-t .. paopwwcl 
fll'llatlaal baw IIIGUib llldblll9 • 
avvtd nqailtllt a Coltectt• ....._. 
StudJ wb8n it il aot ........,, die 
A..-:1 il nquntlllt com~ aaibl 
11M of I 1'111111 of acticm ...... 

The Afttru:l b ..... tM IJIPI'Nc:la 
propoeed iD tDdaJ'1 nl8 ..... It wtdl 
tile flatbilltr to NqaiiiGe peradn.t ... 
IDvntiptl comc:ti¥W-.... 
aut!datt, eart, (......._ 
alDNitalleoUIIJ widt tbl 1ft • 
aeqaatla.llJJ ill the cauwctlww ~«*a 
proce& wMe miehn1siJIIIM pcMat1a1 
for WUU1CW1111J ~ 
Expertace ta e. 8acMifuad propua 
1QIInt8 dill eadr c:aaUIIntioa f1l 
potatial rwautdin .now._.... 
imwettptloal and prn'llltl delay. 

wttho'Cit ~ mmecnAry reaource 
burdena on~ the pe1mittee or the 
Agenc,. 

b. Critma for DtltermirJiTIJ Action 
!Ani•. In tnerwl ca .... !PA h.u 
promulptMI bea:hh-bued •tandarda 
approprin for actioa..,. far epeafic 
mediL Where tUM atandatda are 
available. ~ iuteada to ae them u 
actioa hwela. The IDCMt obrioaa of theae 
are muimwD coatamiuant .....U 
(MCLa), w4lic:b eetablift cirtllkiq water 
ltandardlac* the Sde DrUlk:iDa 
Water Act (SDWA). EPA will liM th1M 
etandard.a to Mt wettoe Ieveii for 8f0Wld 
watw. aad. ill- cua for aarfac:e 
wat& 

In tba ~ ...;aritJ of 
ca-. lwwe ..... praaalllpgd lta.Ddard.a 
wt1l- .. •dab~&. Jtii'VWthelaM. 
be~a-Wnla tt.t .... 1111dersone 
exteuive tlllictik nmnr. bat wbic.b 
have nllt .._ farmdy pnc 'sated. are 
aniWMtara.ur c:Dnil ' The 
Aaent:J il I I . DJ tDdilr il 
I 261.am(&DI CIHtirt Cl'itlll:ia wlBch 
-~ ... I I',.., f\dm*=i , •or to 
u. nall-.p~.Mal·bued 
levela to derive acttOD lav• 
c::a.a.aM~ ~Ina.,.. 

prom~._.....,_..,_.. ttt.t 
iUet ~ ltllliwilll ._ Clitin'ta iBdllded 
iA tect.re,. e 11al _,.be uM for 
_.. ~ P1at. ._ ceDCMtratioa 
... t ................ CIDDiiltmt 
witll prt•riplU aM ~UNI Mt forth 
iD AawDir ..... liMe far UMNiOS the 
hMltll Nkl el•WweerKal -,ollutanta. 
wiUda- ,.,.. ...... dae,..... 
I a' IE•S.S•lwll.l-(51FR 
33812. 340a 3tGH. ~ Secaad. 
toxicoUw tmdill 1-.d te darin action 
levu - bl scient'kaUr va.Ud. 
.................... ""' witb the Good La...,_, Ptactice St.t.ndatda (40 CFR put,_, • llll'dv&J.&. n. Good 
~ ~ Slaadarda ptucribe 
8ood labora-~ far COD.ductinl 
etudi8e na.t.d t8 baltb effecta. 
e~ effacta. aDd cbemi.eal fate --ad .. Jatendad tit .. \IN 
q1lllitr data ol IDf.IFtr. The ll'idalinn 
uw far llllllrial.,...,tflcaU, valid •tudi• Md allo may be llHfW u 
,wduca. ID addiiDa. .tle Apacy 
paida'iael far au111iq dM health riaka 
of•~ -poDutan~ (cit.ad 
abaft) c:llll ....... publlt:Mionl wbich 
OIIIIIM pc:ocldUDI far ev&lutinl atudie1 
for leladc aMqaacJ ami 1tati1tical 
aoaar:blltl 1'!dld. canceatr.uora used 
u acta. ..... 1a111t (fDr cardnopn.) 
be~wttb.a1x~ 
uppwbuuall ami~ can~ rtlk ror Clan 
A. .... l....,....udatxto-• 
uppabcawd IBII8I c:aacer riU for Cla11 
C CL I ¥JW l'bi&DJ, far ty'ltamic 
toxiCIIIU (nfmtaa to toxic chemical• 
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that caUM effect. other than cancer or 
mutation~). the action level mu.~t be a 
concentration to which the human 
population (includi.na MD.Iitive 
subgroupe) could be expoeed on a daily 
baeie that ie likely to be without . 
appreciable risk of adverse effect• 
durinl a lifetime. Theee criteria are 
aimilar to thoae upon which promulgated 
health-baaed atandardt and criteria are 
based. Action levela derived accord.int 
tol theH criteria repreeent valid. 
reaaonable eaUmatn of leve!. in media 
at or below which corrective action ia 
unlikely to be necnnry. 

A. mentioaed prevtou.~ly. ,Wdance 
!eve!. are available for many chemicala. 
Appendix A of tbia preamble littl 
conc:tlltratioaa f.x Mlected bazardoua 
COD.Itituelitl ill water. toil. and air which 
the A,ency belleYH mnt theH four 
r.riteriL EPA ntablitbed theH 
conc:tlltratioD.I by an aueument 
proceu which evaluated tbe quality and 
weisbt-of-evidence of aupPQrtinl 
toxicolostcaL epidemloloticaL and 
clinical atudiea. and which relied on the 
expoaure aaiUIDptiona ill appendix D of 
thia preamble. 

The AseCJ'• approach to a ..... iq 
the riaka aaiOdated with IJitemic: 
toxicity ia diffllnllt from that far tba 
riaka aiiOCiatad with c:uciDopllidty. 
Thie Ia becauee diffiNilt IDIChanilme of 
actioa are thoqbt to be iPolvacl ill tba 
two ca .... In the cue of c:arciDopDI. 
the Apacy a11111Dt1 that a ....U 
number of molecular avatl can evoke 
chaqea in a •fnll• ceU that can lead to 
uncontroUed ceUula.r proliferation. Thia 
mechaniam for carciDotenllil ia 
referncl to u '"llontbrnbolcL" eilu:e 
there it nMDtially no lnel of expoauN 
for auch a chamical that dote not poee a 
smalL bat 8Dite. poaibiJity of ...-.tiDI 
a c:arciDopllic retpODM.Ja tbe ca• of 
IYitemic toxicity, orp.aic laameoetatic. 
compeaaatiq. and adapU.. 
mechanteme exilt that aUit be 
OVUCOIIM befan tM toxic ead poiDt Ia 
manilntad. p, ........ tbere cou.ld be 
a large aum~ aloelll perfamiJII tbe 
aame or li:Di1ar .._,. wllole 
p':lpWatiOD mlllllle :;:-adJ 
depleted belen... 11--. 

The tbraehoW a_,.lllmpartaat Ia 
the r.p.Jatory coatat. TheladWtdual 
thrallold bypotbelil bolda that • rua
\lf expoeura from uro to 101M flDita 
value can be tolerated by tbe orpllilla 
with .... tially no cbaace of expi'Hiioa 
of the toxic affect. Further. it it oftea 
pnadeat to focu oa the alOit Hll.litive 
meaben of tbe popalatioa: dMnfora. 
replatory effort~ are ,......n, made to 
keep axpoaura below tbe populatioa 
thratbold. which it dellDed u the 

loweet of the thresholds of the 
individual• within a population. 

Thua. for the chemical• on appendix A 
w.hich cauae aystemic toxic effecta, the 
Agency hae eatimated reference doan 
(RIDs). The R.fD ia an eatimate of the 
daily expoeure an individual (includ.iaa 
ae111itive individuala) can experience 
without appreciable rilk of health 
effect• durill3 a lifetime. and ie 
conaiatent with the threahold concept 
described above. 

For the chemicala on appendix A 
which are believed to cauae cancer, the 
Agency baa estimated carcinogenic 
slope factore (CSFa). Sillce the Agency 
asawnea that no auch thnabold exiet. 
for cardnopaa. the ieeue to be reaolved 
in health aaaeeamentl of carcinopaa ia 
the probability of the occurrence of an 
effect. The CSF, or UDit cancer riak. ia ua 
estimate of the exce1alifetime riak due 
to a continuoUI coaataat lifetime 
expoeure from one UDit of carcinopaic 
concentration (•·I·• rq/'q/day by 
mseation. 1J8/m' by iDbalation). 
Chemic:ala which cauee caac:er aDAl 
mutationa alto commoalJ evoke otbao 
toxic effecta. Tbua. aa RID aDAl CSP may 
both be available for a •intle chemicaL 
In thaN caMe. the level which II lower 
(mora protective) lhoWcl be liNd •• aa 
actioa level. Ceaerally, the protective 
lt~vel for caacer will be lower. 

For c:a.rciaoplll. BPA belinn that 
actioa Ieveii connpaaci'JII to a 1 x tcr• 
rlak level (or t x tcr• for Clue c 
cardllopu) fAD~ are appropriate. 
Tbia ia at the lUPer protective ead of 
the tcr • to to-• rtlk ru,.. (See 
diacuutoa ill MCtioa VLF .I of today' a 
preamble.) Uaiqa value frOID the hiP 
end of tbia raap 111111n1 that the 
huardou coutitaatllaHiled out at 
thil poiat are tboM for which cornctive 
meuura are ualiblJ to be aecnaary. 

Ia ·~ tbe txtcr•to tx tcr•riak 
raq~ for tiUI propolld rule. the A,..r;r 
recopiad tbat t x to-• rilk lnela of 
coutitaeatl mey not be protac:tive at all 
ait-. due to aaltlple coaatitaeatl. 
mu.ltiple expoean pathwaya. • otbao 
aite-tpedk facton. 

Tbua. tbe altmlatm of eatabltehiJII 
actiou Ieveli at tbe lower protKtift 
end of tbe rilk ru,. ,...,.. 1 )( tcr, wu 
rejected..._ it wwld be tao . 
inleuitift a trt. I -1.&. it woald fail .. 
requin a Carnc:Uve......,. StDdJ at 
aome aitel wbU:Ia may poae a tbnat to 
bwaaa hMlth aad tbe eDYiraaallaL The 
Ageac:y beUnee tbat tbe ..a.cted risk 
Ieveii are r.uaaable polatl to ntablllla 
actiOD Ieveii for~ 

Sect1aD 2M.IZ1(a)(2KW) prmdee 
101M flexibility to the ...... 
Ac:lmiDiatrator to COILiidar the overeJI 
weiJbt of evidaace of carc:iDDpDidty ill 

setting action Ieveli for CU1:inogens. 
EPA hal explained ita classification 
acheme for carci.nogene baaed on the 
weisbt of evidence for carcinogenic1t) 
ita cancer ,Wdelines (51 FR 33992). The 
conatituent concentrationa provided as 
example actionlevela ill appendix A 
reflect thi1 approach. In tbia table. 
knowa or probable humaa carcinogens 
(known •• Clu1 A and Cla11 8 
carcinogena. respectively, wtder the 
Agency ,Wdelines) ant liated at a 
1 x to-• riak level. where a• 
conceatrationa lilted for coaatituents for 
which the welabt of evideace of 
cardnopllicity Ia weakar (known as 
Cla11 C. or poeeible human carcinogena 
under the Apacy'a guidelinee ), 
correspcmd to a 1 X 10-• riak level. Some 
expert~ bavearsued that it ia 
inappropriate to weisbt Cla1e C 
cardDopaa ill thie way, and that all 
aubetaaca clauified ea carcinogens 
abould be weitbted equally, whereat 
othera aqua that Claee C carcinogens 
abould be weilbtad more heavtly (j.e .• 
mora 1trinpatly) bacauae of the greater 
unc:ertaiaty auociatad with the limited 
lvideDoe of their carciaogenicity. The 
Apacy 101idw comment. oo how it 
abould baad1e Clau C carcinoaena in 
Mttiq actiOD Ievett. 

Maar of tbe RfDa aad CSF1 Uled to 
am. tbe c:aaceotratioaa U.ted in 
appeadix A are available through th· 
Iat.trawei R1ak Iaformatioa Syatem 
(IlUS). a campater-boUMd. electronic~~&. .. 
COIIUDUIIicatad catalogue of Agency risk 
&lltMIIllllt and riak maaqement 
ialormetiOD for chem.icalaubetancee. 
IRIS ia dftiped eepec:ially for Federal. 
State, and local environmental health 
qadn u a aource of the lateat 
ialormatiOD about Acaocy health 
ari'Nmrtl uad replatory decieione 
for epeci8c cbemicala. (To eetabliah an 
lRlS aacoaat. call Dtalcom at (Z02) 488-
0510.) 'l'be rtak ....,....t information 
(i.a. am. aad CSPa) coata.illed in IRlS. 
except u apeciflcally noted. baa been 
....... aad qNed upoa by Intra
...., revt .. II'OUPI. and represents • 
A..-:'/ C0D111L1U1 AI BPA working 
pvupe CODtiaue to rntew aDAl venfy 
risk ••n•==t valun.. additional 
chemtcal• aad data compollallta wtll be 
added to IRIS. IRIS hardcopy will be 
available tbroqb tbe Natioaal 
Tec:Judcellalormatioa Service (NI'IS). 1 
additlca IPA will routiuly update 
aJ'PIIIdbr A u new data oa buardou.~ 
c:autltaeatl are developed. 

c. ActiM Lrlwb for Ground Water. 
Propoeed I211M.Ul(a) •tablitbea actio1 
lnela far II'OWid water ill aquifen. By 
._,_ die term .. aquifer" In this 
c:Oatmd. tbe Acenc:y intmda to deli 
broadlr the type of lfOWld-water 
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contamination aituatiODI that may 
require Corrective Meuure Studies. 
while triaertna auch ttudin only in 
tituationa where actual ground-water 
cleanup Ia a reuonable remedial 
approach. 

The Agency considered uaina the tenn 
"uppermott aquifer," but decided that 
till! would limit ita flexibility in 
addressin3 contamination in lower 
aquifert that are not hydraulically 
connected with the uppermost aquifer. 
Such a situation could arise ii wute 
were leaked from the caaing of an 
underground injection well. Thua. the 
wording of I 26U2l(a) will explicitly 
allow the Agency to addre11 any tuch 
unusual inatance1 where aolid wute 
management unitJ have contaminated 
ground water that la not in m 
"uppermost" aquifer u defined in 
I2&U10. 

The Agency alto conaidered not uain& 
the term "aquifer" in I ZM.521(a). Tbia 
would have required Corrective 
Measure Studin for ground water to be 
performed even when the ground water 
is of nqligible uae u a resource, auch 
u a amal1 pocket of aoil which become• 
satureted only epiiOdically. AlthoUih 
contamination in any satureted 10ne 
that could act u a pathway tranaportiq 
cont•min•ntJ to aquifere cow4 be a 
concern. the A,eaq would i:!:mld to 
address thoM lituatiODI in the context 
of tetti.ft8 action Ieveli for IOi1a (IN 
I ZM.SZl(d)), indudiq "deep IOila" that 
could act u alfOUDd-water 
contamin•nt pathway. 

EPA hu. under a number of atatutes. 
promulgated atmdardl and criteria 
relevant to protection of environmental 
media. Amona the mo1t importaDt of 
theM are maximum cont•mlunt Ieveli 
(MC..) promulgated Wldar the Safe 
Drinkinl Water Act (U U.S.C. MCUoD 
300(f) et uq.). which have beaD 
incorporated into dlil rule u action 
levela for ground water under 
I 2&U21(a)(1). MC.. promulpted under 
the Safe DriDkina Water Act are 
maximum concentratioaa af 
contaminaDtJ allowed Ia ... uecl far 
dJin.kint ('" appendix &a. fte- of 
MCI.a for action Ieveli • _.._t wttb 
current RCRA ground-..._ JII'GIICUCIII 
1tanderda (40 CFR part a Rbput P). 
which Mt the interta prbDuJ clrtnJdlli 
water atudardl (MC..) for 1t 
conatituentJ (which 1Xiat8d at tJw t1Ju 
subpart P reauJatiODI WeN promW,at8CI) 
.. around-water protection ltmciardllD 
the abMnce of anotber A8mcJ dec:iaion. 
Currently than an M MC.. 
promulgated. of wbida lix are 
microbiololical contaminants. thne are 
radionuclidllo and 21 an orpnic and 
inorsmic cont•min•ntJ; the MC.. for 

the chemical contaminantJ are Usted in 
appendix B. 

Where Ma.. are available for a 
particular conatituent but the around 
water at a Mte la not currently uaed for a 
drinkinl water supply, and il unsuitable 
for use u a drinking water supply in the 
future. MCI.a Will ttill ordinarily be used 
as action levelt (i.~ .• to require a CMS); 
however. cleanup to the MCL might not 
be required (see section VLF.5 for 
discussion of media cleanup stmdardl). 
The Agency is persuaded that. in cuea 
where ground water 11 contaminated at 
Ieveli above action Ieveli. further 1tudy 
It neceuary (~., .• to make 1ure that 
tources or releases are controlled). 

Where MCI.a have not been 
promulgated for hazardoua conatituentJ, 
EPA would develop Ieveli accordina to 
the criteria specified in propoMd 
I Z64.521(a)(2)(fHlv) and dnc:rtbed in 
detail above in thiJ preamble (IH 
section VIJU.b). ln thiJ analyais. the 
Agency would 11M the atmdarcl 
expoaure uaumptioaa of two Utere a 
day for a 70 ldloaram adult ov.. a 70 
year lifetime (IH appendix D). 
asaumptiona that an uaed exteaalvely 
throughout EPA and other qenc~ ... 
Appendix A lilta levela that WeN 
developed for water by the Agency 
accordint to th1M prtndplet and wblc:h 
the Agency beUwn would be 
appropriate for lfOUDcl-water actioa 
levela. Ia addltioa. propoeecl (bat not yet 
promulptld) MC.. woalcl alto typically 
meet tt. criteria propoeeclla 
I ZM.a21(aK2)(1Hlv) and could 111ft u 
groUDd-water actioa levels. 

Where data an inlu!ldaat to develop 
action levfil accordiq to dane criteria. 
the A1eaCJ would ntablilh lnell · 
accordinl to tJw proc:eclunlla propoMd 
I ZM.szt(e). which are dnc:rtbed Ia 
more detail Ia Mctioa VLUc of dlil 
prn.mble. 1'1la Apftq IOik:ltl COIIIIIIellt 
on tJw propowd approac:la and 
alternative appraac:Mt to ntablilbfna 
actioa Ieveli for around water. 

d. ActiDll UrM for Air. PIP!oDoleda-ld 
I21M.5Z1(b) ldeatifln criteria far 
ntabllahina actioa Ieveli far air, 
aaaWIIinaexponre throqb inhalation of 
air coatam.iDated with 1M buardoUI 
coaatituent. Appendix A lilta poutbla 
action Ieveli that meet theM criteria. 
1'1la Aanq UMd the foiJawiDI 
procaclunt to develop coacatratioaa Ia 
air Uatecl Ia appendix A: 

N ... ~-A ecau. .... IN 
c:unwntly tu.. uduift!J r.. dllllltll 
data bue. ud ............. 
proced11N8 1 .. 41 dUa .....-dlx wtllbe 
lllOCiifted ID iDcl'* odler lalal...._lld 
llWDbeft DOt calftlldJ •IIJI. cllriftd hla 
proc:edllftl a aad s. Thia 1a oaaailtllllt wttll 
CW'!'ellt !kqlerfuDd practic. .. policy. 

1. Where an Agency-verilied health
based intake level for inhalation (e.g .• 
RID) wa1 available, that level waa used 
to calculate the concentration in air. 

2. Where an Agency-verilied level (II 
in (1), above) waa not available. a level 
based on a valid inhalation 1tudy wu 
used. even .if it had not yet gone through 
the formal mtra-Agency venfication 
procesa. 

3. U a level based on an inhalation 
study (as i.n (1) or (2) above) was not 
available. a health-based intake level 
(e.g .. RlD) based on an oral study was 
used. with a conversion factor of one for 
routa.to-route extrapolation to calculate 
the concentration In all--except where 
such an extrapolation factor was 
determined to be inappropriate. For 
example. It il not appropriate where a 
conatituent tbt la a tyatemic tolticant 
through the oral route of exposure 
cauae1 local adverse effectJ on the lWll 
throUih the inhalation route. A 
conaUtuent milbt also be determined to 
be an inappropriate candidate for route
to-route extrapolation due to tignificant 
difterencee in metabolilm or absorption. 
Where the extrapolation from oral route 
to inhalation route of expoaure Ia 
determiDecl to be inappropriate. and a 
level buecl oa m inhalation ttudy (aa in 
(1) or (Z) abow) la not available, 
appendix A doet not lilt a concentration 
in air ( ... llction VI..!..%.1 for a 
dlac:ualoa of how to Ht action levels 
whew baJtb- and nvtronment-based 
Ieveli are not available). While the 
concentratiODI in air U.ted in appendix 
A (and C) are betnaevaluated further by 
the Apncy with retard to the 
appropriatenna of thi1 routa.to-route 
extrapolation. they will be uaed only aa 
m interba meuun. The Agency will 
adopt IUDe buecl on actual inhalation 
toxidty data a1 IOOD U the data 
bec:om. available. 

4. The ltandarcliXpOIUre aatumptiOD 
for air typically uaecl iD Agency risk 
aiiiiiiDeQta (i.e .. Da'/day for a 70 
kilopaa adult for a 70 year lifetime) 
wae liNd (IN appendix 0). 

Under propoeed I28U21(a)(2). action 
levela woald be meuurecl or estimated 
at tJw facility boaaclary. or another 
locatioa c1oMr to the unit if neceuary to 
protect bUIIWl health and the 
environalent. 

The Aaatr:J bu choeea the facility 
bounc1arJ u the location where air 
action li'Nla are pr~ to be 
typically meuuncL :t:ftra1 reaaonL 
Meuuri.q at the fadlilJ boundary will 
have tJw etftct of requJrtna Corrective 
Meuure Stad1es to be conducted 
wheunr pot8Dtially health-threatening 
Ieveli of airborne coaatituentJ that 
originate from waate mmagement un.ita 
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.,. MiDI re.l.....t to uea eu.a.ia. the 
Cac:iliaiy JdopliiJ. The Af1mcy recQIIliat 
that m aome ~ tAia coaid require 
owa•loperaton to etudr potential 
remedial eolutiona wMn IIC!Ua.l 
remediation of air ral .... , will not be 
required-under today' a propot.W. the 
requi.ooement ac.tuall7 to remediate air 
rl!!eaaet iJ tied to actual expoaure: i.• .. 
exceedence of health-bated Ieveli at the 
moat expoeed individual (tee the 
diacuaaion of air cleanup standard.t iD 
section VLF.7.a of today' a preamble). 
However. under thia ac:enarto. if 
expoaure conditions were to 
aubaequently c:haap and tria- the 
need for corrective actiGa for air 
emilaioaa. the owu.loperator would 1M 
able to 1110n expediUouly lmplemat 
the remedy that bad already bea 
dewloped lD the CorncUve Meuure 
Study. The A1eDcY beUevee that 
mea~UrJDtacUOD Ieveli at tha facility 
bounda.rJ, while eaYiroDIDIDtallJ 
couervaUve. wtllaot r:J:eeent a 
UDdue burd.a oa owur opentan. 

Under today'• prapoea1. tbe .Rational 
A~tor coaJd. wbea~MC~UUJ, 
require ac:tiGD lfteJ. to be •euund at 
one or men locaUou withal tbe lac:Wty. 
AA example waald be if.IDdiWiuall 
ww. actuallJ I"Micciq oa tbe fditJ 
propertJ. ••lllilbt be tbe cue at a 
Fecia'al fadlitJ ( ..... a ai1itarJ bue). 
On-eite wodt• expoliiN ....ad DOt ,...u, be • ·tll'llltalal--111 
eetabli.lbiDilocadou far actt. ..... 
aiDce IUCh expcwN ta ....... tid by tbe 
ac:.:up.*-1 SafetJ aad tt.1tll 
Adminiltradoll (- farda• dilc:uaioa 
in taction VLP.7 .a(2) of tadaJ't 
pl"'UDble). 

The At#aJ:J CODiiciiNd. bat did .. 
propoee. etlwr locatioaa for ettab~ 
ac:ttoa Ieveli for air relH-. '~'hate 
alternatt" locations woald lin. 
involved determiniq ac:ttoa leftJa at (1) 
tha W1U bo-.,, or (2) tbe ..a 
e~ iadn1daa1.,. altlrutiw., 
detll'lllicilll ac:tioa I8Yela at 1M ad 
bou.adarJ wat N'jacMrll u -•-lrilr 
atrin3ent. ainc:e it__......, haw tbe 
effect of "'7 oftaa •'a Jq tbe _. 
for a Corrective'' ...,., w._. 
no actul or potallll *-t tD baleD 
health .and tha au b •llilt8IL 'l1le 
option of meanrt~~~..._ ll'llllllt tM 
most exposed indivtdull wu Dat c:ll.
becau. In 101M c:ua a CWS waald DOt 
be trigered bued on C1lrNIIt locatiaal 
of receptol'lo aftll thouth futan 
rnideatial dftelapmeat dote to tba 
fadlitJ ... plGUied and coald nnlt iD 
exponn abow ac:daa lawll. n. 
Agency epeciScally Nqaeltl '*"IDIId 
oa tblmaet approprtatlllocatiml far 
meal1ll'fnlac:ttoa !nell for tbl air 
medium. 

e. Action Lneh for Surface Water. 
Proposed t 2&1.521(c) identifiet act:ica 
levela for aurfact water. 
Notwtthatandins tbeN actioa levele. 
aome releatel from aolid waate 
manasemeat unita to aurfac:e water may 
be subject to the National Pollutant 
Dilcharp Elimination System (r-.'POES) 
punuant to section 402 of tht Clean 
Water Act (CWA). The CWA prohibita 
the unregulated diacharp of any 
pollutant to watera of tbe United Statee 
from any point aource. ReleiMI to 
surface watera that are nonpoint IOW'tel 
may be aubject to tht Nonpoiat Seurce 
Manqement Prosrua eetabUaMd IIDdar 
sectiona 208 and 311 of tbe CWA: If the 
Agency diac:oYan releuet froaaeolW 
waate 11L1.Do1J81D8Dl llllita whicb are 
point aourcu. but lack Ill NPDBS 
permit. CWA autlloriUu wtllpDUallJ 
beued to addnu tbe NleaH. It lhould 
be underatood that the tenia aurface 
water iD t1u. coataxt lnd11des wetluda. 
a a preac:ribed UDder MCtioa 40t of tb.e 
cw A. Sec:UOil40t permit~ u.l"'q11ireel 
for dredp ud/or fill iDta wet1aadL 

Propoaed I ZIM.IZ1(c:) .,.as. that 
State w.._ qualitf ttaaduda 
eetabliabad purnut to MCtioa 3D3 of 
the CWA that IN GPNI8M u 
numartcal val- will be IIMd u ac:tloa 
levela. wll .. tber llaYe bMa 
eatabU.hed far tbe aurfac:e water boclr 
iD queetio& HoWIIYW.IPA utk:ipa• 
tbat lUCia DIIIMl'lc:alttududl :c·• 
-cu.. ........... -·~ 
at the time wll.- re-edta1 iD=u-
are btiDI CGDductM at RCRA U.. 
Ia th ... c:a._ actlaaltvela llliJ' be 
eetabliabed u awurtc iDtar,ntadau 
of State urrative water qua11IJ 
•taDd.uda. 

Wawr qu.a.UlJ atllldudl bada 
ntabUih water~ p1l. aM...,. 
at • bMia --- '"• tmaiiMDt CGDIIa1l. bued aa tb.e ue or a. whicb 
the State daeipatee far the EIIC8iviJII 
waa.r ( ..... na.atlma or pubUc watw 
aupply). '1118ataadardl CGIIIUt of a 
detipated ue or uee. aad 1M wat• 
quaUtJ criteria wbida wdl}ntla ncla 
UHL Criteria IN exprnaad u aUblr 
numeric COD.Itttueat CODceatntloa Ieveli 
or narrattv. ltatnleata tbat rapnMDt a 
qualltJ of waw that eapporta a 
parUc:a1ar Ul& 

Ill applyiq auratm ataaduda to 
apec:ik water bocli-. 1011185tatllllave 
prncrtbed matbacla far calculadDt 
nWDtric valuee for the W8t8r body. Such 
meth.,. ftr7 frola Stllw to at.t.ID tbair 
complaitJ, the time nqaind to 
eatabliab tbt awurtc valua. and the 
proc:eciunl tavolvtd. Altboulla aavtaa 
~ DIIIUric iDtarpntallaal hla 
narrative ataadarda will oa ...... 
1trailbtforwwd. tbe A..-. apect8 

that ill ... aimatioaa ttm d~ of 
lllc.l vam• CIII'U1 be~ camplr
a:td time-W:w · lD neil caa. th.r 
RetieM! A*'••!' ' &IDI' amid cletezm. 
that the ae atmun.rtc ~ 
of narrative water quality atand.m1 
waa not approprt.te far the P\Jl1IOM of 
eatab~ ac:UDn 189ela. EPA 
emphaaiMa that U. - oi aw:h 
narrative atendarck m.uat AOt delay the 
co~Uve action PI"DaeeL 

Whll"' numeric wablr quality 
staDdmda line not t.. atabJished bv 
the State, IDd wb .. munecc 
ln__.tiaa. of .aarnti.Ya standard.t 
are ettber .....alab1e or inappropriate 
(llr l"'UGm d•aibed abcate). propoud 
t 28U2:l(r:)(3) pmyidn that III&Ximum 
coatamtnent .l.t...U (!«:U) 4Jioaudptlld 
under the.5dt DrtrWrin& Water Act will 
be ue.d • -=tioalenla. if the lmface 
water bu beea dnl.gnated u a drin.ktng 
..... toan:e bJ tbe State tne d'em•• m ...._ ltdioo • the uae 
of MC.. • ectiaa luw ill pound ....,. 
Ills._~ wllae • .DIUDIIl"i.cai water 
~-"-.'' a.DJI8!ric 
bmiqawtiiL1Ua of IIUaltba 1daDduda. ar 
.. wet .... ·~ far a puticular 
hl.w*w " 1a..a.. wmer 
J lg tad by .. sua far 4Dntrina. P.,_.• I »LUU(cJ(olt .,.a!n tbat 
the czttllta 1lllloC6er i JIM.5Z1(a)(2) (i)-(ivl 
be..t --Moti .... &ctiUD levelJ 
IUI'tlla ...,, ' '"I expenm 
.._........._,.._elthawatar 
coatuUDa.- ..... baurdOUI 
coudtueat. The lltUdard expoaare 
a ,.a .. ot-.JiW./day fora 70 
q ~ 0...,. ,..,..tim. iD 
'AI t tM:I D allr.a.id be ued, ~~~~lea 
~ aJea coar a r MIU8tic Ol'llaniamt ._ tt.--. ..-.lD that caMS. 
tbt ,...,_, -• -.c PedeN1 Water a-litr ertt.fta be IIMd u action levela. 
aiDce th., •.W, 'tbe c:at.-ia fur acticm 1.-~..-I 2K.521{aK.2} 
UHiY). , ..... Water Quilty Criteria 
.. wtla"-' ttl contwninanta 
dttenldaed te M ,.utectift olluunu 
hultb and/w aqudc orpd
Crilllta .. piiOtlei!ICIIl af hamaa beaJth 
us.,_. oa ..,._.. threaP drinkina 
.. ..,, • well • ..-rw IAroulb 
.,.._water Mdiatudal a~~uatic 
Cll'l ' 1 CdiiBa far pJGblctiea of 
'Ntl .. , ...... mdiii&J'iat 
orpnt.,. .. U. anM.a.. EPA has 
~~~- 'read wa• ...,_criteria for 
Ul palhtea•• adar tbt Clan Water 
AI& 

IDIIitua'l ,.._a mow• !.cal wab!r 
qualitJ mwMnt • Mit ..... .fDr a 
p~ aoaatitlulat.iD 
....._ wa.r •·a , c1 br ta. State 
far- 0111w ._ dziakiQ!J proJ:ID'Ied 
1 •et(c)(IJ pea...._ the ReiionaJ 
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AdmWttntor with the flexibility te 
constder th• State-desisnattd. ~He ol tha 
surface water ill Hta'.Jhshinaa 
concentration u the a<:tion ~el. For 
example, in some s~ace watera 
designated for il'lduatr:al u..., the 
Agency believes that an MO. ma.J be 
too sensi~ve a trigger fer a CMS. In 
other situationa. MCLa may be too 
inser..sttive. a t:igger for a o.rs (for 
example, :n trout streams). Feder:~l 
Water Quality Criteria may pro·.i..!a 
useful guidance in setting action levela 
under IZ64.52.4(c)(S). 

U Federal Water Quality Criteria are 
used as acticn revell, the purposes for 
'Nhich auch criteria were developed 
should be considered In determinin& 
which criteria are appropriate to use. 
For example, for a aurface water b<idy 
used for fishina end driD.kinJ, the criteria 
for protectioll of human health baNd on 
drinJdn& water and eatfnl aquatic 
organism would be matt appropriate. 
For Cla11 A and Can B carcinopna. 
the criteria c:orrespondms tD a to-• rtak 
level should be uted. wbenat tor Clata 
G carciJ:lopa the A.pncy 11111J8m that 
the criteria carrespondiJ1a to to-• ritk 
level be used. (See disc:ualioa of 
Agency-4tstabU.bed c:latHe of 
cardnogmt md reladn risk 18Y11ls 
conlider.d appropriate iD teetfcm 
\1.!.Z.c of thie preamble.) 

U ccmta.z:l2inanb attrtbutabl• to 
:-eleaHt from a SWMU exceed aD actioa 
l13vel anywhere In snrface water, a 
Corrective MHIUI'8 Study mar be 
required. Proposed t 2&1.52tfc) don not 
apeclfy where ill surface waten 
concentrationtshould be meaiWid 
against action lenl .. In determiniJll 
appropriate Nmplinf (oeatiou the 
Agency w;IIsenerally attempt to epecilJ 
location• ill the turface water wb.,. the 
ru,hnt concentratioftl of haardaa. 
conatituentl relHsed from SWMUe .,. 
expec:ed to OCC1U'-i .•• , at or aev dw 
point or points wflerw relea ... ew ~ 
surface water. However. iD tome cas.., 
est&blisbint the precise point( I} wlerw 
releases enter the surface waW.., be 
Cif!lcult and time-cor.s~ _. • ill 
the case of a ground-water,._.. a 
<.omptn hydrogeolog!c s._dllll 
flows into a lake. In thete c..-. tbe 
Age:tcy would not wisb to..., die 
i:utiation of a Corrective NHiure StwiJ 
while the poi.ct of releaM l•locatM. if 
concentrationall'later t.'tu actioa l.evela 
could already be detected In the 1~ 
water. 

EPA sptci.ftcally request~ CIDIUUDt GD 

today' a propoaal for ntabiisbint action 
levels for eurfac. water. 

Proposed I 26L520(b). -~dl ellOWI 
•he R .. oaal AdmlDi.ltratar to r.qun a 
~ whee neceuary to protect lllau 

.1ealth aae the eavironmet, I'VItl wbaa 

no action level• han been exceeded. 
may be particularly important for 
surface water. For e~ample. the 
Regional Adminiitrator may determine 
that a thrnt from ccn3umption of 
aquatic organism• ex.istl at levels at or 
below the MCL. sinca the MCL does not 
incorporate exposure through ingestion 
of contaminated organisms. 

A Corrective Measure Study may alto 
be required under I Z64.520(b) if the 
Regional Adminiatrator determines that 
there ia a threat to human health o• the 
environment from contaminated 
sediments even thouah action Ieveli for 
surface water have not been exceeded. 
The Agency believe• it ia important tcr 
clarify ir. authority tl) addresa 
sedimeru. contaminated by rei•._ 
from solid waste manageJUDt llllita 
under MCtiona 3eol (•) ue (Y} ol 
HSW A. al1h.ouab todaJ'a pi/Qpoeel doa 
not eatabu.ll actioa la¥el. tpeciftcally 
far~ ne AaenCJ Ia cwreaU, 
drlelopina sediment eli ted& wbicb. 
whea pramuljated.. may be UMd ae 
guidance lD: enl.ttq c:oataminatltcl: 
eedimente. Howner. ao beei~ 01 

euviroamaallneia ar. curadJ 
av•il&bl• wbi.cll are apprepriate u 
eediment actioe ~ela. Thu. llfttilsudl 
criteria an dneloped. tba Deed for 
Colnctiva MeMwe Studiee NHd oa 
s~dimeat cantwminatioa wtllb. 
determ.iaiMl oa a c:a.Hty-cua Dasil. The 
Ageacy *(\AIIItl CCIIUlellt. OA thie 
approach to addreMIDa ~ 

FinaJly, tb.e Realaa.alAdmiDiatntor 
maJ re<lWie & CelftCtive W.uun Stuq 
f~ turface water lander I ~t 
whltl a thaat to ~CLuatic beatb ai.te a• 
leva» et or below actiGIL !ftela. F.-. 
W.tar QualltJ Crit.efte far ptetKtioa of 
aquatic health sJ.oa.W be 11M& • 
guidaac:e ill ~~~Mia~ thia datmai.aatioa. 

L Acticm ~ /ot' Soil. Pl'opaiM 
I2M.m{ci}wah1Wiea c:rttMia for 
ettablahiq adiola levela lot MiL 
._,mJne ~ Waqla CODIWilptioa 
of tb.e sail,...•a••awd w;tla, tM 
haaanlo1111 c:outituat Actioa levala 
would be Ml ca tb.e bam. af tM 
exposure uaumptiou l.llappead.lx D, 
wl:.ich •••Will • retidential use pattem. 
witb.l01111-wna dinc:t contact and soil 
ingeaboll by cbilcina. ActiODI.evela for 
soil would typjcally be meuuncl oa tM 
aurface (&aMrtily tM upper two feet of 
eartfll. 

Tha aceptiola ta thia approadl. Ia 
wlwre EPA. au aln.d)l ettabl.iahtd 
standarda fortY cleanup of spillecl 
polychlorinate4 bipheayla (JICBI). wbida 
are regulated udlr the Toxic 
Subttancea Control Ad (TSCA),. 'I1Ie 
A.-KY hH uaeftllillaC ta.t t11a 11M a1 
theN pnaulpte4 IWlduU. u actiaa 
level• and clMavt etaadarde for Mil. Ia 
relevct 10 RCtA cornc"w actioG. Tbia 

policy is alae COflaiatent wtth Stiper~..md 
pobcy. The- PCB Spill Polic.y umier T'SCA 
ts discasncl more fvlly in aecuon VTI.B 
of this preamble-. 

Alt.'l.oush action levels for soils are 
established la'ing direct contact 
assurnptiocs moat appropriate for 
aurficial10il.a. it i..a intended that these 
action levwla will often also be~ as a 
presumptioll that a GMS may be 
n!?ce•ary for cont&mina.ted deep soil.a 
which may pou a threat to ground 
water iD aquifers. The ~cy does not 
believe that generic action Level• based 
on the potenti&l. for hazardout 
conatitulll~ iD eod to conta.minata 
growui water ce be developed at this 
time. since the type of soil. distance to 
groun4 water. and other sir.tpecific 
facton. u w.U u the propertiet of the 
huedaa.ccmatitunt. in.1lu.nce thi, 
potentfal. A Pft!Dittee may attempt to 
rebet thia praqmption by demonetra~.ng 
fhet tllew ~ ae thrft t to human hea I th 
and tb. ftl9tJoftment from tucll deep soil 
CODtaJBintiOD, either~ direct 
contect fl1f Jllitrati01l to aquifers or 
surface weter: Alternatively, 
t 2M.~ IU)' M ulfi to require a 
CMS lJt eitllaaton. wher9 deep 10ill are 
contamiDeted below aetlcnt lrnla. but 
poH a threet to around water in 
aquifna 

Altboqlr ntimatea oiiOil. intah are 
not as frequently used by the Age:1.cy as 
are eltimatn of air or wa tar in tab. 
appendix D providn n~commmded 
expotuN auumptiODI fbr non
cardDopnic and carcinogenic soil 
contamtnantsgivtnulllU'ftt:icted use 
scmarte. A soU ingestion rate of 0.1 g/ 
day Ia recammeuded tor carcinogens, 
and a rete ofO.Z a/day, based on an 
averep child's bcdy weigb.t oC18 kg, is 
recommended for noft-carcinogent. 

In the cau ofncm-carci."lopnic 
contami.DIDta. the oral RID would be 
uaed to ceh:ulate Ill actfon [avel ar 
threahalcl coru:en!ra!ioll below whi:b. 
adverta eff'ectt would not occur. 
a lllliDiDI U pam par day olaoU ia 
conaumed. SiJI.taen kifoarama represents 
an averap body welaJn for children 
aged one to abc. T!la Aianc.y beJ.ie,·u 
the .. axposura asswnptiona are 
reftadive or. cea.urvative average 
•~•arta. lA whida clUldle& aaes 1~ 
yeara (J.• .. tha time pariod during w!tich. 
chlldra axbibit tb.e arutaat tmdancy 
for b.d.to-mOI&lla acdvity) ue uaum.ed 
to ia8lllt uaa~vuqe amouct of 
IOU OD • daily buia. tba upGIUla 

level& utimatad ia tbi& ~D&DD• a.nr 
c.alculata& tG keev Ul)Oimel well below 
the papalatioa "tbNahoW" ror toxic 
effect. ( .. ...u. ,.....wae dtmutim). 
Since the tuic. affect of conam Ia 
aMWDed te -=ur oace the threshold 
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level it exceeded. the amount of soil 
ingetted on a daily baaia becomes of 
maier importance in determ.inin3 non
carcinogenic effect.t. Therefore. to 
account properly for the risk from 
elevated exposure to non-carcinogenic 
soil contaminants dlllinl early 
childhood yea~. it 11 important that the 
uposure not be estimated over a 
lifetime: to do so would "smear" out the 
peak exposure occurrir.g di.!rir.g the 
above-mentioned time period of five 
yean and retult in the failure to detect 
an Wlacceptable exposure level (i .•.• a 
level which exceedl the RfD), 

ln the case of can:inogena. the action 
level would be derived by atiWill.ns 
consumption ofO.t glday averqed out 
over a lifetime. baaed on an adult body 
weight of 70 kilogr&JDJ. Because the 
expre11ioa of carcinogenic effects it 
principally a function of cumulative 
dose (i.•~ the time coune of expoture it 
usually secondary), the Aaency believea. 
in seneraL that elevated expoauret 
dunnteariy childhood are relatively 
unimportAnt In determi.oinllifelime 
cancer riak. Therefore. total lifetime 
(cumulative) aoil inaestioa can be 
a verqed to derive a per day value. 
Thete expoeure aaaumptioaa do. 
however. reflect a reuoaable wont· 
case acenaric.-0.1 glday ~an upper
ratlie ntimate of toil inpttioa for older 
cltildrea and adultt. 

The above recommeadatioaa are 
based on the coaaervalive auumptioaa 
that 100 percent of the inaested non· 
carcinogenic and c:arcinoaenic toil 
contaminants are absorbed acrou the 
gastrointestinal tract and that inpation 
occurs 365 dayslyeu.rqardleu of 
cl:matic conditioaa or.,.. The Apacy 
solicits comment on the above 
assumptiona for toil expoeure for 
establishinl action levela. 

The Atency coDJidered the UN of 
other generic expoaure a11umptioaa for 
establisltinl action Ieveli for toil baMd 
on direct contact (6.,., expoeure throuah 
dermal contact. expoeun throutb 
i:1gestion under a DOIH'IIidatial 
s~nario). but reject8d tbeM alwaativet 
for several reasoaa. Pint. •tabliahiq 
action lev~ls based •~~Uric 
assumptions for derma( expoaun or 
expoeure via inpttioa of eoiland8r a 
non-residential aceaario would be a far 
lesa sensitive triger. and could iD effect 
cause a "false nesative" in aituatioaa 
where the Aaeacy believe• corrective 
action would be necnaary. Secoad. the 
data base for developinaactioa levela 
ba.sed oa dermal exposure or expoture 
vta ingestion of toil uader a noa
residentialexpoaure acenario it limited. 

In addition to CODiiderinapneric 
exposure aaaumptiona. the Apncy 
cons1dered the uae of site-apec:iftc. direct 

contact exposure factors for derivm, 
soil action levels. However. the Agency 
believes that aasessing aite-specific. 
exposul1! in settiQ8 action levels would 
be a resource-intensive process. and 
would run counter to the objective of 
using acUon levels as a s1mple acreening 
mecharusm. The Atency recognizes that 
the proposed approach ia conservative. 
Neverthelna. the Atency believn that 
these levela are appropriate ae action 
levels (as opposed to cleanup targeta)
that it. they can reasonably aerve u 
rebuttable pretumptiona that further 
study. includins analysis of posaible 
remediet. it necuaary. 

Soil cleanup levels are discussed in 
more detail 1n aection VI.F.5 of thit 
preamble. However. it should be 
recogaized that facilities with eoil 
contamination above an action level
particularly where the Ieveli would r" 
no threat under current coaditioDI o 
expoaure-would have a wide raap of 
remedial optiont open to them. iDclucllJll 
"conditional" remediee (for which the 
permit would apecify appropriate 
expoaure controla), or the conrtna of 
the contaminated toil wtth a toil cap. Ia 
this caH. a Corrective Meuure StudJ 
might aimply be a proposal to clean up 
to protective levela. UIUII1iDt iaduttrial 
land 11M. and to eDIUN reetrtcted ac:ceee 
for the life of the permit. Tb1J nitet the 
isaue of "condltioaal" remedln. wbida 
ia diiCUIHd iD more detail iD HCtioa 
VLF.I of thia prtamblL 

1- Action /Ani• WhetW H«Jlth- and 
Environmental-&zud lAveii A.lw Not 
A vailoble. lf. for any medlu'll. AaeacY· 
promuisated atandardt or criteriL or 
other bealth-baHd levellmeetina the 
proposed criteria are not available or 
cannot be developed for uH •• actioa 
Ieveli. I2&Uzt(e) allowe the Rllional 
Admiaittrator to Ht an action level for 
any conttitueat on the baeit of available 
data and reuoaable wont-cue 
aatumptiona. Ia moet catet. partial data 
or data on atructural analop will allow 
the Rllional Adminiatrator to •ttmate 
whether the detected level of a 
contaminant 11 likely to cause a 
problem. In other cuea. other 
contaminant• Will be prnaat at biib 
level• (triaerint a CMS In any caM). 
and it will be cleer that the coDJtitueat 
ia not a drivint factor in detlfllliDiDI the 
risk at the site. even uader wont-cue 
a11umptiont conceminl ill toxicity.ID 
such casn it may aot be necnaary to 
specify an action level for the 
conatituent. Finally. uader propoHd 
I 2&U21(e)(2). the Retioaal 
Adminittrator would have the authoritJ 
to set the action level at backarouad far 
a hazardous conatitueat for which data 
were inadequate to seta health- or 
environment-baaed action leveL Tb1J 

option. however. is providad Primar:ly 
as a fall-back position. The Agency 
believes that it will very ra~ly be 
necesaary to set action levels at 
backJround.. 

A. indicated earlier. appendix A lists 
possible action levels for a range of 
hazardous conatituenta based on the 
crite~a proposed in I Z84.52l(a)(Z). 
EPA I Office of Solid Waste (OSW) is 
developing. for the purpose of guidance. 
health-baaed numbers on additional 
constituents. These levels would also 
aatiafy the criteria of propoaed 
I 284.521(a)(ZJ. ~ these additional 
health-baaed level.a are developed. they 
will be entered into tha Integrated Risk 
Information System (IRlS). For 
inlormation on these suidance numbers. 
the OSW TechnicaJ A.aesament 
Branch/Health Ataesament Section 
should be conaulttd at (202) 382_.781. 

b. Authority to &quire a Correcti~·~ 
Mea•ure Study Where Action Level 
Have Not &en ExCHded. The Agency 
bellevnlt it important to provide the 
Resioaal Administrator authonty to 
requin a CMS under I284.5ZO(b) even 
whea DO coaaUtutnll elteeed action 
levela. For example. a CMS could be 
required lf there are threats to certain 
eeaaitive aavtronmaatal recepton at a 
pudc:ular facillty with contamination at 
or below action Ieveli. Also. a CMS 
could be required in aituations where 
the riak poHd by the presence of 
multiple coatamjnantamay be ltigh 
eJlOUib to warrant a Corrective Measure 
Study even lf no aingle corutituent 
exceed.e the individual action level for 
the CODitituenL Similarly, if individuals 
livtq nau the aite are recei villi 
sitaificaatexpotunts &om eources other 
than SWMUe at the aita. the incremental 
expoaure due to SWMUa at the s1te may 
mull ill 1 cumulative riak la11e enough 
to warrant a CMS. ln addition. there 
may be aituationt where "erose-media" 
riakl could Indicate the need for a C~lS. 
even thoqb action level• in a particular 
medlWD have not been exceeded. An 
example mitht be where at nearby 
rniMncn releun in both the air and 
grouDd water are present at very low 
levelt. but the cumulati\·e risks from 
both pathwa)'l of expoaure are 
eufllc:iant to be of concern. Although 
aucb eitaatioaa are expected to be 
relatively ran. the Apncy will examine 
aucb Cl'OIHil8dia rislu when lite
speciftc: conditiona indicate the potenttal 
for eucb IXpCHW'e factors. 

A a.tS may a.lao be required if 
conatitueam pose a threat through 
expo~Urt pathwa)'l other than that 
a11111118d in eetttq action levels. For 
example. CODitituenta in surface watt 
that do not exceed Meta may 1till pas .. 
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guidance on Replatory Imp.ct AuJyaia The Regulatory Flexibility Act and the draft Regulatory Impact n~quirea Federal agenciea to fully Ana.lyaia Guidance publiahed In the 1Q88 analyze the economic effacta of Rqulatory Program of the United Statee. n~gu.lationa on amell entitiea. The The analyse• will exptidtJy examine the Agency analyzed the economic impacta coati. health and environmental for the n~gulatory optiona that are moat benefita. and technologicallimitationa similar to today' a propoaed rule (i .•.• for the key regulatory n~quirementa "Immediate Cleanup to Health-Baaed contained in the propoaal-especially Standarda" and "Flexible Cleanup to for the Mveral alternative approachea to Health-Baaed Standarda"), 
ground water n~mediation outlined In The RIA uaumea that a small 
the propoaed rule. Thit aulyail will buainesa ta aignilicantJy impacted II ita aJao eatimate the agresate i.mpacta. exceae of caah flow over ten percent of Identified above, for aitea eligible for ita totalllabilltiea ta inlufBdent to mnt 
n~medietion under tbia rule and for corrective action coati. or II Ita net thoae aitea which are lilted on the NPt. income ta inauffldent to mnt ita and will. therefore. look to tbia rule ae corrective action coati. 
an ARAR. under the proviliona of For the alternative analyzed. It wu CERCLA. Upon completion of the found that amall ftrma encounter more reviled analf'". EPA wtllaolldt severe impacta from the cornctive comment on the reaulta of the analytet action requirementa than W.. firma. and the methodolov uaed to dertq The optiona moat atmilu to the them. The Apncy will thea uaa.e theee propoaed rule n~sult in Incremental commente. alona wtth commeata which impacta (i .•.• relative to the b ... UDe) on wtll haq been received prevtoualy on approxi.mately 8 to 11 pei'CIIlt of amall 
the propoaed rule. 'l'brO\Iah theM actiou buain ..... OWftinl RCRA fadllti• EPA wtllenaure that the net aoc:ial Baaed on the Agency' a JU.idellnn for beneftta (lncludiq enviroamental and implementiDI·the Replator, PeuibWt, health beneftta) ol the rule propoeed Act. the reaulta of the aulyail u today .,. ma...tmlzed. t.akiq illto IWIUIW'ized above, nant tit. d tbe 
account coati. tec:lmolop:alllmitatiou. propoled rule doee DOt impoM 
rtab. and realiltic a111ameat1 of both aipiflcant lmpacta on amalleatiU... 
actual and reuonably expected uea of a-J... each ait8. If the reviled RJA. topther C. Pa~l'fllfJ'* ~WVuction Act 
wtth the commenta received. Thelnlormatioa coUectioa 
demonatrate that the rule propoled requimDIDta In tbia propoMd rule baq 

(OMB) lmder the Ptperwork Reduction 
Act. 44 U.S.C. 3S01. et 111q. Repol'ti.ni and . 
recordkHpq burden on the pubUc for 
thia collection ta tttimated •t 42.491 
houn for the 874 t1!apondenta, wtth an 
averase of 1.151 houn per t1!SJ)Orue. 
(Burden eatimatea should Include all 
aapecta of the collection effort and m•y 
Include time for revtewtns inatruetiona. 
aearcJUns exiatfna data aourcn, 
gathertna and maintainins the data 
needed. completfns and t11vtewtq the 
collection of information. etc.) 

1 If you wtah to aubm.it commenta 
rep.rdina any upect of the collection of 
information. including •uaeationa for 
reducint the burden. or if you would !ike 
a copy of the information collection 
requeat (pleaM n~ference ICR #'1451), 
contact Rick WeatJund. Information 
Polley Branch. PM-223. U.S. 
Enviroamllltal Protection Agency, 40t M 
Street. SW .. Waahiqton. DC 2044!0 (202-
382-2145): and Tim Hunt. Office of 
Information and Regulatory Alfairs. 
Of!lce of Manqemeat and Budget. 
Waabiqtoa. DC 20503. The final rule 
will reapond to any OMB or public 
commenta on the information collection 
requirementl contained in tbia propoaaJ. 
Lilt of Sublecta ia t1 CFR Partl 21o1. 285. 
211,ad171 

Adminiltratiq practice and 
procedure. Corncttve action. Hazardous 
waate; IDiuraDc.. Reportins and 
recordkeepllll requinmenta. 

Dated: JIIIJ S. 1JIQ. 
wa.....a,. 
AtiJninUilattw. today don not ac:hie" tbia outcome. the bed aubmitted for approval to the 
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t. In denVUJI action level• for h.urdOUI 
coiUtl:uenll til ~ater. aui&IDI 1 wat• 
i.,take of z liters/day rar 7'0 k. adult/10 )·ear 
W'etime axpoaw-e p!!nad. 

J.ID denvln& actioa levela for baurdout 
COIUititaeJIIIID aJr, ,....,. air ill take of m 
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U!etime txpOIUN perild. 

I. Ill clemtDt ICtiaa lnela for bu.udou 
cooatit\leDIIID IOU. wWc:la are btowa • 
tuapecWd lobe~ aMWDJIGG 
tntakl of 01 ;nm/d., fur 7'0 q adult/7'0,... 
l.Jeti.me uj:IOaute period. 

t. l.a cio.:r: :ina ac:t1ca ml8 for llualdaM 
constftwllla iD aoa. ....... tlloM wt»dd 
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ch.IJd/1 ,..., oponN ...... { .. wt.. 
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A • a baor,»Uoa factar 1 ( di.DMnaionlHI ~ 

I. ClJI'Cil'IOfflllic O..t.ituenlll 
C.·(R·w·LTJJ(CSf'"l• A ·mt 
wherr. 
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fc. dau A I 8; to-• for daaa C 
~DOIII»k 
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LT • UiiiWMd lifetilllol (1_,.1: 
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dapaadaatl: 
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• "--d too ... t ,_ ... ,..... .._. .... 
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R•Dr1 (U.U.Tetnc:hloroethantla a Ca• 
C~) 

W•70qaclah 
LT •7'0 ,.., lffwtllnJ 
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C.• adlaa lone! 1D ••• IIIIIILJ 



P Jail ...... I Vai. se. No. t4S I Friday, Ju.IJ 'Z!, 1990 I Propoted ~ules 

No! •a.IO(III'IIC .... ~ .. 
Olw ........ a.. 

01-. APD ........ a.-. 
~t;" ·::~ 

'"'-("''lllrfldt ..... 
~~no~·~ 

~ 0 2.01-01 01••..,••-•• II &.11+01 S.IET01 ntoa.Auoawa 0 1.01-0. 

2.~·--· 0 2.01-011 
~-a ....... 8Z e..ee-01 
1.~ aa 1.11-012 
~1¥111·• 0 2.!111-01 
1~lfi!JG·• II 1.01-01 l.OE-01 
~ 0 4.01-01 
Endlalllft 0 5.01-01 --
EtldaiWI 0 2.01-01 -
Erwlrtn 0 3.01-0. ' -__ , ___ 

• 2.01-111 UE-031 4.2!-03 Uts••-• 0 1.01-01 
E ..... ._ II 1.51+01 l-7'6£-:ot 

11 4 5E-02 
~ ... 0 1.01-01 ····-.. ·····----GJn,tcWt-- 0 4.01-0. ···--·-
1' .... II s.GI-0. 4.51-00 4-!E-00 ,.. ....... - II 1.3E-01 1.11-00 I.IE-00 
I' :Iss .. I • II iiDiin II ..... 1.2£+03 c ..... 7.11!-01 7eE-02 ..... • Da,al ._ • II ·---00 8.3E-OO 
llllllaiiJ I Jaex:•=- c 1AIE-OO 18E-OO 

0 7.•-• Z.OE-01 ··---c 1.01-· 1.4-01 UE-02 
0 1.01-CM ·-...... • 101-00 1.7!+01 

..,......~ 0 1.01-41 ,....... .... 0 1.01-· ............ 0 S.GI-01 ....... c 2.01-01 4.11-011 ....;.. • ----·--
~-~--

.....,., .. _ .. IIIC 1.01-CM Ul-00 ---·-.........., ... 7 *• 0 ...... ·--·---· .... 0 1.01-o.t ........... 0 ... _ .. ......, ...... 0 1.01-CM ------............. 0 1.01-CM J.GE-CM ····-......... 0 U.-01 ·-··----....... 0 ········-....... ..,. ..... 0 5.01-01 t.OI-01 ---------.....,......,. ..... D 5.01-01 2.01-01 ............. 0 U.-CM i.se.:oa ---··-............. I ... _ . UE-02 ..... ........ • 5.4£-00 5.4E-OO ...,.._.....,.... I ·----
MaaAIW_.,..... •••• • 2 .. 21!+01 ...,.. IIIRIIIIP!I·- • 701-00 ---·-·--...... ........ • z.•-oo 1-----·-...,_I ........ • 4.--03 -------...... _,, .... _ • 2.11-- Z.IE-00 ........... D 2.11-01 ...... .....,- A 1.4£-01 ...., ..... D 1.01-01 --··-
~-- - 0 5.01-CM M-0. -·-
Nllr"'*' clallde ' D 1.01-00 --- -------
OatU:t 111ft- ·----- D 1.01-01 ·---·-··-
"-rlliaft ·- c ... _. -·-----
Pa.....,_ 0 ... _ .. ·-
PaltiCHGGA .... - I c ,.._. 

Z.SE-01 , ........ 0 ,.._. 
·-·-

PtiiiiGI 0 ... _01 ····-·-,..,..,....._ D ... _. -·--,.,..... .. 0 ,.._ .. ,.,..._,.... D 1.01-00 ---Pu¥:Hat• .... ..,.,._ II' 7.7E-OO 1----
Pc ... • C'IWide D &.01-01 -·-111::---- _,_ 0 2.11-01 --·-
Pill-- D 7 .• -01 ···-
~ 0 1.01-· -··-s.nau. ... 0 U.-01 --·-

0 
... _. ·----·-- 0 1.01-· -· 

-~ ·--· .. --·-·-=::] 
0 1.01-01 -··· 

Soclul:l~ - D 4.•-• .............. 



Federal Resi-ter I Vol. 55. :"''o. 145 I Fnday. July 27. 1990 1 Propcaed R.ulea 

R1D•0.30 rqfqjday for toluene 
W •7'0 q adult 
I•ZL/day 
A•l 

a. CucinoJenic Con•tituen,. 
Sample calc:ula tioa for l.l.J.l.· 

tetrachloroeth1..111: 
~-[to-•7'0 fkll"70 fyrlJ/(o~ f~D~Iil/ · 

dayj·••z (L/day)T;'O (yrl)•t.7SE-oo 
11'18/L 

~·here: 
C.•actioa level iD water (11'18/L) 
R•to-• (1.1.Z.Z·Tetrac:hloroethane ia a Clau 

C carcinopn) 
W •70 ka adult 
L T -10 year lifetime 

CSF -o~ (m,/'q/ dayt • 
I•ZL/day 
A•l 
ED•70 year expoaure duration 
IV. Sample C..lculationa for Hazardout 
Contutuentt in SoU. 

A. Systemic Toxicant.r 
Example calculatio111 for toluear. 

C.•(O.JO !ma/ka/day)"te (qlJ/(o.z fa/ 
day)"t•o.oot (q/sl •Z4.ooo lftllq 

where: 
C.•action level in aoil fma/k,) 
R1D•O.JO rq/q/day for toluene 
W•te ka (5 year old child) 
r-o.zs/day 
A•l 

B. C4n:ino,eruc Con1tituen~ 
Sample talculatiou for t.t.%.4-

tetracb.loroethanr. 

C..•[to-•70 fktl"70 (YTtlJ/(0.20 (11!3/k3/ 
day)-••o.t (8/day)"O.oot Oci/g)'l"70 
(yn)J •35.0 IDI/q 

where: 
C..•actioalevelin aoU (!D8/q) 
R •to-• (1.1.%.%-tatracb.loroethan.e it a Claaa c 

carcinopa) 
W -10 q adult 
L T •70 year lifttimt 
CSF•O~ fmc/q/dayt• 
1•0.1 a/day 
A•l 
EDa7'0 yeartxpoture duratioa 
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Analytical results that are not specific for a 
panicular compound (e.g., total organic carbon 
[TOC), total organic halogens (TOX]) or results 
of insensitive analytical methods (e.g., analyses 
using ponable field instruments such as organic 
vapor analyzers and other field screening methods) 
may be useful when considering sources of 
contamination or potential fate and transpon of 
contaminants. These types of analytical results, 
however, generally are not appropriate for 
quantitative risk assessment; therefore, the risk 
assessor may not want to include them in the 
summary of chemicals of potential concern for the 
quantitative risk assessment. In addition, the 
results of analytical methods associated with 
unknown, few, or no QA/QC procedures should 
be eliminated from funher quantitative use. 
These types of results, however, may be useful for 
qualitative discussions of risk in other sections of 
the risk assessment repon. 

The outcome of this step is a set of site· data .. 
that has been developed according to a standard 
set of sensitive, chemical-specific methods (e.g., 
SW-846 Methods [EPA 1986], EPA 600 Methods 
[EPA 1984], CLP Statements of Work [EPA 
1988b,c]), with QA/QC procedures that are well
documented and traceable. The data resulting 
from analyses conducted under the CLP, which 
generally comprise the majority of results available 
from a Superfund site investigation, fall into this 
category. 

Although the CLP was developed to ensure 
that consistent QA/QC methods are used when 
analyzing Superfund site samples, it does not 
ensure that all analytical results are consistently 
of sufficient quality and reliability for use in 
quantitative risk assessment. Neither the CLP nor 
QA/QC procedures associated with other methods 
make judgments concerning the ultimate "usability" 
of the data. Do not accept at face value all 
remaining analytical results, whether from the CLP 
or from some other set of analytical 
methodologies. Instead, determine -- according to 
the steps discussed below -- the limitations and 
uncenainties associated with the data so that only 
data that are appropriate and reliable for use in 
a quantitative risk assessment are carried through 
the process. 

5.3 EVALUATION OF 
QUANTITATION LIMITS 
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This step. involves evaluation of quantitation 
limits and detection limits (QLs and DLs) for all 
of the chemicals assessed at the site. This 
evaluation may lead to the re-analysis of some 
samples, the use of "proxy" (or estimated) 
concentrations, and/or the elimination of cenain 
chemi~ls from funher consideration (because they 
are believed to be absent from the site). Types 
and definitions of QLs and DLs are presented in 
the box on the next page. 

Before eliminating chemicals because they are 
not detected (or conducting any other 
manipulation of the data), the following points 
should be considered: 

(1) the sample quantitation limit (SQL) of 
a chemical may be greater than 
corresponding standards, criteria, or 
concentrations derived from toxicity 
reference values (and, therefore, the 
chemical may be present at levels greater 
than these corresponding reference 
concentrations, which may result in 
undetected risk); and 

(2) a panicular SQL may be significantly 
higher than positively detected values in 
other samples in a data set. 

These two points are discussed in detail in the 
following two subsections. A third subsection 
provides guidance for situations where only some 
of the samples for a given medium test positive 
for a panicular chemical. A founh subsection 
addresses the special situation where SQLs are not 
available. The final subsection addresses the 
specific steps involved with elimination of 
chemicals from the quantitative risk assessment 
based on their QLs. 

5.3.1 SAMPLE QUANTITATION UMITS 
(SQLs) THAT ARE GRFATER THAN 
REFERENCE CONCENTRATIONS 

As discussed in Chapter 4, QLs needed for 
the site investigation should be specified in the 
sampling plan. For some chemicals, however, 
SQLs obtained under RAS or SAS may exceed 
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certain reference concentrations (e.g., maximum 
contaminant levels [MCI.s], concentrations 
corresponding to a 10·6 cancer risk). The box on 
the next page illustrates this problem. For certain 
chemicals (e.g., antimony), the CLP contract
required quantitation limits (CRQLs) exceed the 
corresponding reference concentrations for 
noncarcinogenic effects, based on the EPA-verified 
reference dose and a 2-liter per day ingestion of 
water by a 70-kilogram person.l Estimation of 
cancer risks for several other chemicals (e.g., 
arsenic, styrene) at their CRQLs yields cancer 
risks exceeding lo-4, based on the same water 
ingestion factors. Most potential carcinogens with 
EPA-derived slope factors have CRQLs that yield 
cancer risk levels exceeding 10·6 in water, and 
none of the carcinogens with EPA-derived slope 
factors have CRQL values yielding less than 10·7 

cancer risk levels (as of the publication date of 
this manual; data not shown). 

Three points should be noted when 
considering this example. 

(1) Review of site information and a 
preliminary determination of chemicals 
of potential concern at a site prior to 
sample collection may allow the 
specification of lower QLs (i.e., using 
SAS) before an investigation begins (see 
Chapter 4). This is the most efficient 
way to minimize the problem of QLs 
exceeding levels of potential concern. 

(2) EPA's Analytical Operations Branch 
currently is working to reduce the CRQL 
values for several chemicals on the TCL 
and TAL, and to develop an analytical 
service for chemicals with special 
standards (e.g., MCLs). 

'IYPFS AND DEFINITIONS OF DETECTION UMITS AND QUANTITATION LIMITS 

Strictly interpretccl, the detection limit (DL) is the lowest amount of a chemical that can be "seen" above the normal. random 
noise of an analytical instrument or method. A chemical present below that level cannot reliably be distinguished from noise. 
DI..s are chemical-specific and instrument-specific and are determined by statistical treatment of multiple analyses in which the 
ratio of the lowest amount observed to the electronic noise level (i.e., the signal-to-noise ratio) iJ. determined. On any given 
day in any given sample, the calculated liutit may not be attainable; however, a properly calculated limit can be used as an overall 
general measure of laboratory performance. 

Two types of Du may be described - instrument DLs (IDLs) and method DI..s (MDI..s). The IDL is generally the lowest 
amount of a substance that can be detected by an instrument; it is a measure only of the DL for the instrument, and does not 
consider any effects that sample matrix, handling, and preparation may have. The MDL, on the other hand, takes into account 
the reagents, sample matrix,· and preparation ~ applied to a sample in specific analytical methods. 

Due to the irregular nature of instrument or method noise, reproducible quantitation of a chemical is not possible at the DL. 
Generally, a factor of three to five is applied to the DL to obtain a quantitation limit (QL), which ia considered to be the lowest 
level at which a chemical may be aCCUl'lltely and reproducibly quantitated. DLs indicate the level at which a amall amount would 
be "seen," whereas OLa indicate the level" at which measurements can be ''trusted." 

Two types of OI..s may be described- contract-required OI..s (CROI..s} and sample QLs (SOLs). (Contract-required detection 
limits [CRDL] is the term used for inorganic chemicals. For the purp<lSe" of this manual, howe\'er, CRQL will refer to both 
organic and inorganic chemicala.) In order to panlcipate in the CLP, a laboratory must be able to meet EPA CRQLa. CRQLs 
are chemical-specific and vaty depending on the medium ~malyzed and the amount of chemical c:xpecled to be present in the 
sample. As the name implies, CRQLs are not necesBarily the lowest detectable levela achievable, but rather are levels that a 
CLP laboratory should routinely and reliably detect and quantitate in a variety of sample matrices. A specific sample may 
require adjustments to the preparation or analytical method (e.g., dilution. use of a· smaller sample aliquot) in order to be 
analyzed. In these cases, the reported OL must in tum be adjusted. Therefore, SQL.s, not CROLs, will be the QLs of interest 
for most aamples. In fact, for the same chemical, a specific SOL may be higher than, lower than. or equal to SQL values far 
other samples. In addition, preparation or an.alytical adjustments such as dilution of a sample for quantitatian of an extremely 
high level of only one compound could result in nan-detects for all ather compounds included as analytes for a particular 
method, even though these compounds may have been present at trace quantities in the undiluted sample. Because SOLs take 
into account sample characteristics, sample preparation. and analytical adjustments, these values are the most relevant QLs for 
evaluating non-detected chemicals. 
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EXAMPLE OF HEALm RISKS FROM INGESTION OF WATER CONTAMINATED 
WITH SELECTED CHEMICALS AT THEIR QUANTITATION LIMrfSD 

CRQL or Cancer Risk 
Chemical CAS# CRDL (ug/L)b CRDI..JRfCC at CRQL or CROLd 

Antimony 7440-36..0 60 4.3 
Arsenic 7440-38-2 10 5x1o-4 
Benz(a)pyrene 50-32-8 10 3x1o-3 
Bis(2-Chloroethyl)ethcr 111-44-4 10 3x10-4 
2.4-Dinitrotoluene 121-14-2 10 211:10-4 
Hexachlorobenzene 118-74-1 10 Sxlo-4 
N-Nitroso-di-n-dipropylamine 621-64-7 10 1X!o·3 
PCB-1254 11096-69·1 1 2x1o-4e 
PCB-1260 11096-82-S 1 2xto-4 
Styrene 100-42-S 5 4xlo-4 
Vinyl chloride 75..01-4 10 7xlo-4 

a All values in this e:rample are for illllstration purposes only. 

b CRQL = Contract-required quantitadon limit (organica) of the Contract Laboratory Program (revised April 1989). 
CRDL • Contract-required detecti® limit (inorganics) of the Contract Laboratory Program (reviled July 1988). 

The CRQL and CROL values presented bere are for the regular multi-media multi-concentration CLP methods. 

c R!C "" Reference ooncentration (based on the August 1989 reference dose for oral c:xposure. IIIWII.ing a 70-ltilogram 
adult driJ1U 2 liters of contaminated ~ter per day). 

d Cancer Risk at CRQL or CRDL = Excess upper-bound lifetime cancer risk (based on the August 1989 slope factor for 
oral exposure, assuming a 7o-kilogram adult drinks 2 liters of contaminated water per day), 

e PCB-1260 slope factor was used. 

(3) In several situations, an analytical 
laboratory may be able to attain QLs in 
particular samples that are below or 
above the CRQL values. 

If SAS was not specified before sampling 
began and/or if a chemical is not detected in any 
sample from a panicular medium at the QL, then 
available modeling data, as well as professional 
judgment, should be used to evaluate whether the 
chemical may be present above reference 
concentrations. If the available information 
indicates the chemical is not present, see Section 
5.3.5 for guidance on eliminating chemicals. If 
there is some indication that the chemical is 
present, then either re-analyze selected samples 
using SAS, if time allows, or address the chemical 
qualitatively. In determining which option is most 
appropriate for a site, a screening-level risk 
assessment should be performed by assuming that 

the chemical is present in the sample at the SQL 
.(see Section 5.3.4 for situations where SQLs are 
not available). Carry the chemical through the 
screening risk assessment, essentially conducting 
the assessment on the SQL for the panicular 
chemical. In this way, the risks that would be 
posed if the chemical is present at the SQL can 
be compared with risks posed by other chemicals 
at the site. 

Re-analyze the sample. This (preferred) 
option discourages elimination of questionable 
chemicals (i.e., chemicals that may be present 
below their QL but above a level of potential 
concern) from the risk assessment. If time allows 
and a sufficient quantity of the sample is available, 
submit a SAS request to re-analyze the sample 
at QLs that are below reference concentrations. 
The possible outcome of this option is inclusion 
of chemicals positively detected at levels above 
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reference concentrations but below the QLs that 
would normally have been attained under routine 
analysis of Superfund samples in · the CLP 
program. 

Address the chemical qualitatively. A second 
and less desirable option for a chemical that may 
be present below its QL (and possibly above its 
health-based reference concentration) is to 
eliminate the chemical from the quantitative risk 
assessment, noting that if the chemical was 
detected at a lower QL, then its presence and 
concentration could contribute significantly to the 
estimated risks. 

5.3.2 UNUSUALLY mGH SQI..s 

Due to one or more sample-specific problems 
(e.g., matrix interferences), SQLs for a particular 
chemical in some samples may be unusually high, 
sometimes greatly exceeding the positive results 
reported for the same chemical in other samples 
from the data set. Even if these SQLs do not 

EXAMPLE OF UNUSUALLY mGH 
QUANTITATION LIMITS 

In thiB example, CODCII:IIlllltioDa of iemivolatileorpnic 
chemicals in BOils !lave been detamiued 111iDJ the CLP'a 
RAS. 

Olemical Sample 1 Sample 2 Sample 3 Sample 4 

Pbenol m ua ·. 390 19,000 u 490 

a U - CompouDd wa 8JIAiyl.ed for. but not detected. 
Value presented (e-a., 33G U) II the SQL. 

The ou praellted m thla campte·(t.e.t 330 to 19,000 
~) vary widely Croat ample 10 18111pk:. SAS would 
not aid in rectucm, 1be IIJIUIUaUy blP QL oC 19,000 
ug/kg noted in Sample 3, .8IIUI&iDc it Will due to 
unavoidable matrir interferax:a In thilcue, tbe nsult 
for phenol in Sample 3 would be dimiaat.ed £rom the 
quantitative rialt IIJ"IIIICDt bec:auiC It would c:auae the 
calc:ulated C!XpOIUre coac:entrationa (froln Qapter 6) to 
a:c:eed the maximum daectal CDJ~C~mtralian (ill this 
case 490 Ulfkl). ~ the data ad would be reduced 
to three aamplec the noa-dc:tec:t in Sample 1 ami tbe 
tVIO detected Yaluea in Samplo lllld 4. 

exceed health-based standards or criteria, they may 
still present problems. If the SQLs cannot be 
reduced by re-analyzing the sample (e.g., through 
the use of SAS or sample cleaning procedures to 
remove matrix interferences), exclude the samples 
from the quantitative risk assessment if they cause 
the calculated exposure concentration (i.e., the 
concentration calculated according to guidance in 
Chapter 6) to exceed the maximum detected con
centration for a particular sample set. The box 
on this page presents an example of how to 
.address a situation with unusually high QLs. 

5.3.3 WHEN ONLY SOME SAMPLES IN A 
MEDIUM TEST POSITIVE FOR A 
CHEMICAL 

Most analytes at a site are not positively 
detected in each sample collected and analyzed. 
Instead, for a particular chemical the data set 
generally will contain some samples with positive 
results and others with non-detected results. The 
non-detected results usually are reported as SQLs. 
These limits indicate th.at the chemical was not 
measured above certain levels, which may vary 
from sample to sample. The chemical may be 
present at a concentration just below the reported 
quantitation limit, or it may not be present in the 
sample at all (i.e., the concentration in the sample 
is zero). 

In determining the concentrations most 
representative of potential exposures at the site 
(see Chapter 6), consider the positively detected 
results together with the non-detected results (i.e., 
the SQLs). If there is reason to believe that the 
chemical is present in a sample at a concentration 
below the SQL, use one-half of the SQL as a 
proxy concentration. The SQL value itself can be 
used if there is reason to believe the 
concentration is closer to it than to one-half the 
SQL. (See the next subsection for situations 
where SQLs are not available.) Unless site
specific information indicates ~hat a chemical is 
not likely to be present in a sample, do not 
substitute the value zero in place of the SQL (i.e., 
do not assume that a chemical that is not detected 
at the SQL would not be detected in the sample 
if the analysis was extremely sensitive). Also, do 
not simply omit the non-detected results from the 
risk assessment. 



5.3.4 WHEN SQLs ARE NOT AVAILABLE 

A fourth situation concerning QLs may 
sometimes be encountered when evaluating site 
data. For some sites, data summaries may not 
provide the SQLs. Instead, MDLs, CRQLs, or 
even IDLs may have been substituted wherever a 
chemical was not detected. Sometimes, no 
detection Q! quantitation limits may be provided 
with the data. As a first step in these situations, 
always attempt to obtain the SQLs, because these 
are the most appropriate limits to consider when 
evaluating non-detected chemicals (i.e., they 
account for sample characteristics, sample 
preparation, or analytical adjustments that may 
differ from sample to sample). 

If SQLs cannot be obtained, then, for CLP 
sample analyses, the CRQL should be used as the 
QL of interest for each non-detected chemical, 
with the understanding that these limits may 
overestimate or underestimate the actual SQL. 
For samples analyzed by methods different from 
CLP methods, the MDL may be used as the QL, 
with the understanding that in most cases this will 
underestimate the SQL (because the MDL is a 
measure of detection limits only and does not 
account for sample characteristics or matrix 
interferences). Note that the IDL should rarely 
be used for non-detected chemicals since it is a 
measure only of the detection limit for a 
particular instrument and does not consider the 
effect of sample handling and preparation or 
sample characteristics. 

5.3.5 WHEN CHEMICALS ARE NOT 
DETECI'ED IN ANY SAMPLES IN A 
MEDIUM 

After considering the discussion provided in 
the above subsections, generally eliminate those 
chemicals that have not been detected in any 
samples of a particular medium. On CLP data 
reports, these chemicals will be designated in each 
sample with a U qualifier preceded by the SQL or 
CRQL (e.g., 10 U). If information exists to 
indicate that the chemicals are present, they 
should not be eliminated. For example, if 
chemicals with similar transport and fate 
characteristics are detected frequently in soil at a 
site, and some of these chemicals also are detected 
frequently in ground water while the others are 
not detected, then the undetected chemicals are 
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probably present in the ground water and 
therefore may need to be included in the risk 
assessment as ground-water contaminants. 

The outcome of this step is a data set that 
only contains chemicals for which positive data 
(i.e., analytical results for which measurable 
concentrations are reported) are available in at 
least one sample from each medium. Unless 
otherwise indicated, assume at this point in the 
evaluation of data that positive data to which no 
uncertainties are attached concerning either the 
assigned identity of the chemical Q! the reported 
concentration (i.e., data that are not "tentative," 
"uncertain," or "qualitative") are appropriate for 
use in the quantitative risk assessment. 

5.4 EVALUATION OF QUALIFIED 
AND CODED DATA 

For CLP analytical results, various qualifiers 
and codes (hereafter referred to as qualifiers) are 
attached to certain data by either the laboratories 
conducting the analyses or by persons performing 
data validation. These qualifiers often pertain to 
QA/QC problems and generally indicate questions 
concerning chemical identity, chemical 
concentration, or both. All qualifiers must be 
addressed before the chemical can be used in 
quantitative risk assessment. Qualifiers used by 
the laboratory may differ from those used by data 
validation personnel in either identity or meaning. 

5.4.1 'IYPES OF QUALIFIERS 

A list of the qualifiers that laboratories are 
permitted to use under the CLP -- and their 
potential use in risk assessment -- is presented in 
Exhibit 5-4. A similar list addressing data 
validation qualifiers is provided in Exhibit 5-5. 
In general, because the data validation process is 
intended to assess the effect of QC issues on data 
usability, validation data qualifiers are attached to 
the data after the laboratory qualifiers and 
supersede the laboratory qualifiers. If data have 
both laboratory and validation qualifiers and they 
appear contradictory, ignore the laboratory 
qualifier and consider only the validation qualifier. 
If qualifiers have been attached to certain data by 
the laboratory and have not been removed, 
revised, or superseded during data validation, then 



I ' 

and also is useful as documentation of the 
exposure pathway analysis. Exhibit 6-8 provides 
a sample format for presenting this information. 

6.4 STEP 3: QUANTIFICATION 
OF EXPOSURE: GENERAL 
CON SID ERA TIONS 

The next step in the exposure assessment 
process is to quantify the magnitude, frequency 
and duration of exposure for the populations and 
exposure pathways selected for quantitative 
evaluation. This step is most often conducted in 
two stages: first, exposure concentrations are 
estimated, then, pathway-specific intakes are 
quantified. The specific methodology for 
calculating exposure concentrations and pathway
specific exposures are presented in Sections 6.5 
and 6.6, respectively. This section describes some 
of the basic concepts behind these processes. 

6.4.1 QUANTIFYING THE REASONABLE 
MAXIMUM EXPOSURE 

Exposure is defined as the contact of an 
organism with a chemical or physical agent. If 
exposure occurs over time, the total exposure can 
be divided by a time period of interest to obtain 
an average exposure rate per unit time. This 
average exposure rate also can be expressed as a 
function of body weight. For the purposes of this 
manual, exposure normalized for time and body 
weight is termed "intake", and is expressed in units 
of mg chemical/kg body weight-day. 

Exhibit 6-9 presents a generic equation for 
calculating chemical intakes and defines the intake 
variables. There are three categories of variables 
that are used to estimate intake: 

(1) chemical-related variable -- exposure 
concentration; 

(2) variables that describe the exposed 
population -- contact rate, exposure 
frequency and duration, and body weight; 
and 

(3) assessment-determined variable 
averaging time. 
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Each intake variable in the equation has a 
range of values. For Superfund exposure 
assessments. intake variable values for a given 
pathway should be selected so that the 
combination of all intake variables results in an 
estimate of the reasonable maximum exj>Osure for 
that pathway. As defined previously, the 
reasonable maximum exposure (RME) is the 
maximum exposure that is reasonably expected to 
occur at a site. Under this approach, some intake 
variables may not be at their individual maximum 
values but when in combination with other 
variables will result in estimates of the RME. 
Some recommendations for determining the values 
of the individual intake variables are discussed 
below. These recommendations are based on 
EPA's determination of what would result in an 
estimate of the RME. As discussed previously, a 
determination of "reasonable" cannot be based 
solely on quantitative information, but also 
requires the use of professional judgment. 
Accordingly, the recommendations below are based 
on a combination of quantitative information and 
professional judgment. These are general 
recommendations, however, and could change 
based on site-specific information or the particular 
needs of the risk manager. Consult with the RPM 
before varying from these recommendations. 

Exposure concentration. The concentration 
term in the intake equation is the arithmetic 
average of the concentration that is contacted over 
the exposure period. Although this concentration 
does not reflect the maximum concentration that 
could be contacted at any one time, it is regarded 
as a reasonable estimate of the concentration 
likely to be contacted over time. This is because 
in most situations, assuming long-term contact 
with the maximum concentration is not 
reasonable. (For exceptions to this generalization, 
see discussion of hot spots in Section 6.5.3.) 

Because of the uncertainlY associated with 
any estimate of exJ>OSure concentration, the upper 
confidence limit (i.e.. the 95 percent upper 
confidence limit) on the arithmetic average will be 
used for this variable. There are standard 
statistical methods which can be used to calculate 
the upper confidence limit on the arithmetic 
mean. Gilbert (1987, particularly sections 11.6 
and 13.2) discusses methods that can be applied 
to data that are distributed normally or log 
normally. Kriging is another method that 
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potentially can be used (Clark 1979 is one of 
several reference books on kriging). A statistician 
should be consulted for more details or for 
assistance with specific methods. 

If there is great variability in measured or 
modeled concentration values (such as when too 
few samples are taken or when model inputs are 
uncertain), the upper confidence limit on the 
average concentration will be high, and 
conceivably could be above the maximum detected 
or modeled value. In these cases, the maximum 
detected or modeled value should be used to 
estimate exposure concentrations. This could be 
regarded by some as too conservative an estimate, 
but given the uncertainty in the data in these 
situations, this approach is regarded as reasonable. 

For some sites, where a screening level 
analysis is regarded as sufficient to characterize 
potential exposures, calculation of the upper 
confidence limit on the arithmetic average is not 
required. In these cases, the maximum detected 
or modeled concentration should be used as the 
exposure concentration. 

Contact rate. Contact rate reflects the 
amount of contaminated medium contacted per 
unit time or event If statistical data are available 
for a contact rate, use the 95th percentile value 
for this variable. (In this case and throughout this 
chapter, the 90th percentile value can be used if 
the 95th percentile value is not available.) If 
statistical data are not available, professional 
judgment should be used to estimate a value 
which approximates the 95th percentile value. (It 
is recognized that such estimates will not be 
precise. They should, however, reflect a 
reasonable estimate of an upper-bound value.) 

Sometimes several separate terms are used to 
derive an estimate of contact rate. For example, 
for dermal contact with chemicals in water, 
contact rate is estimated by combining information 
on exposed skin surface area, dermal permeability 
of a chemical, and exposure time. In such 
instances, the combination of variables used to 
estimate intake should result in an estimate 
approximating the 95th percentile value. 
Professional judgment will be needed to determine 
the appropriate combinations of variables. (More 
specific guidance for determining contact rate for 
various pathways is given in Section 6.6.) 

Exposure frequency and duration. Exposure 
frequency and duration are used to estimate the 
total time of exposure. These terms are 
determined on a site-specific basis. If statistical 
data are available, use the 95th percentile value 
for exposure time. In the absence of statistical 
data (which is usually the case), use reasonable 
conservative estimates of exposure time. National 
statistics are available on the upper-bound (90th 
percentile) and average (50th percentile) number 
of years spent by individuals at one residence 
(EPA 1989d). Because of the data on which they 
are based, these values may underestimate the 
actual time that someone might live in one 
residence. Nevertheless, the upper-bound value of 
30 years can be used for exposure duration when 
calculating reasonable maximum residential 
exposures. In some cases, however, lifetime 
exposure (70 years by convention) may be a more 
appropriate assumption. Consult with the RPM 
regarding the appropriate exposure duration for 
residential exposures. The exposure frequency and 
duration selected must be appropriate for the 
contact rate selected. If a long-term average 
contact rate (e.g., daily fish ingestion rate averaged 
over a year) is used, then a daily exposure 
frequency (i.e., 365 days/year) should be assumed. 

Body weight. The value for body weight is 
the average body weight over the exposure period. 
If exposure occurs only during childhood years, 
the average child body weight during the exposure 
period should be used to estimate intake. For 
some pathways,. such as soil ingestion, exposure 
can occur throughout the lifetime but the majority 
of exposure occurs during childhood (because of 
higher contact rates). In these cases, exposures 
should be calculated separately for age groups 
with similar contact rate to body weight ratios; the 
body weight used in the intake calculation for 
each age group is the average body weight for that 
age group. Lifetime exposure is then calculated 
by taking the time-weighted average of exposure 
estimates over all age groups. For pathways 
where contact rate to body weight ratios are fairly 
constant over a lifetime (e.g., drinking water 
ingestion), a body weight of 70 kg is used. 

A constant body weight over the period of 
exposure is used primarily by convention, but also 
because body weight is not always independent of 
the other variables in the exposure equation (most 
notably, intake). By keeping body weight 



constant, error from this dependence is minimiZed. 
The average body weight is used because, when 
combined with the other variable values in the 
intake equation, it is believed to result in the best 
estimate of the RME. For example, combining a 
95th percentile contact rate with a 5th percentile 
body weight is not considered reasonable because 
it is unlikely that smallest person would have the 
highest intake. Alternatively, combining a 95th 
percentile intake with a 95th percentile body 
weight is not considered a maximum because a 
smaller person could have a higher contact rate to 
body weight ratio. 

Averaging time. The averaging time selected 
depends on the type of toxic effect being assessed. 
When evaluating exposures to developmental 
toxicants, intakes are calculated by averaging over 
the exposure event (e.g., a day or a single 
exposure incident). For acute toxicants, intakes 
are calculated by averaging over the shortest 
exposure period that could produce an effect, 
usually an exposure event or a day. When 
evaluating longer-term exposure to 
noncarcinogenic toxicants, intakes are calculated 
by averaging intakes over the period of exposure 
(i.e., subchronic or chronic daily intakes). For 
carcinogens, intakes are calculated by prorating 
the total cumulative dose over a lifetime (i.e., 
chronic daily intakes, also called lifetime average 
daily intake). This distinction relates to the 
currently held scientific opimon that the 
mechanism of action for each category is different 
(see Chapter 7 for a discussion). The approach 
for carcinogens is based on the assumption that 
a high dose received over a short period of time 
is equivalent to a corresponding low dose spread 
over a lifetime (EPA 1986b ). This approach 
becomes problematic as the exposures in question 
become more intense but less frequent, especially 
when there is evidence that the agent has shown 
dose-rate related carcinogenic effects. In some 
cases, therefore, it may be necessary to consult a 
toxicologist to assess the level of uncertainty 
associated with the exposure assessment for 
carcinogens. The discussion of uncertainty should 
be included in both the exposure assessment and 
risk characterization chapters of the risk 
assessment report. 
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6.4.2 TIMING CONSIDERATIONS 

At many Superfund sites, long-term exposure 
to relatively low chemical concentrations (i.e., 
chronic daily intakes) are of greatest concern. In 
some situations, however, shorter-term exposures 
(e.g., subchronic daily intakes) also may be 
important. When deciding whether to evaluate 
short-term exposure, the following factors should 
be considered: 

• the toxicological characteristics of the 
chemicals of potential concern; 

• the occurrence of high chemical 
concentrations or the potential for a 
large release; 

• persistence of the chemical in the 
environment; and 

• the characteristics of the population that 
influence the duration of exposure. 

Toxicity considerations. Some chemicals can 
produce an effect after a single or very short-term 
exposure to relatively low concentrations. These 
chemicals include acute toxicants such as skin 
1mtants and neurological poisons, and 
developmental toxicants. At sites where these 
types of chemicals are present, it is important to 
assess exposure for the shortest time period that 
could result in an effect. For acute toxicants this 
is usually a single exposure event or a day, 
although multiple exposures over several days also 
could result in an effect. For developmental 
toxicants, the time period of concern is the 
exposure event. This is based on the assumption 
that a single exposure at the critical time in 
development is sufficient to produce an adverse 
effect. It should be noted that the critical time 
referred to can occur in almost any segment of 
the human population (i.e., fertile men and 
women, the conceptus, and the child up to the age 
of sexual maturation [EPA 1989e]). 

Concentration considerations. Many 
chemicals can produce an effect after a single or 
very short-term exposure, but only if exposure is 
to a relatively high concentration. Therefore, it 
is important that the assessor identify possible 
situations where a short-term exposure to a high 
concentration could occur. Examples of such a 
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EXHIBIT 6-14 

RESIDENTIAL EXPOSURE: 
a INGESTION OF CHEMICALS IN SOIL 

Equation: 

Where: 

Intake (mwkg-day) = cs x IR x CF x FIx EF xED 
BWxAT 

CS = Chemical Concentration in Soil <mwkg) 
IR = Ingestion Rate (mg soil/day) 
CF = Conversion Factor (10-• kwmg) 
FI = Fraction Ingested from Contaminated Source (unitless) 
EF = Exposure Frequency (days/years) 
ED = Exposure Duration (years) 
BW = Body Weight (kg) 
AT = Averaging Time (period over which exposure is averaged- days) 

Variable Values: 

CS: Site-specific measured value 

IR: ZOO mwday (children, I through 6 years old; EPA 1989g) 
100 mwday (age groups greater than 6 years old; EPA 1989g) 

NOTE: IR values are default values and could change based 
on site-specific or other information. Research is currently ongoing 
to better define ingestion rates. IR values do not apply to individuals 
with abnormally high soil ingestion rates (i.e., pica). 

CF: 10 -e kg/mg 

Fl: Pathway-specific value (should consider contaminant location and 
population activity patterns) 

EF: 365 days/year 

ED: 70 years (lifetime; by convention) 
30 years (national upper-bound time (90th percentile) at one 

residence; EPA 1989d) 
9 years (national median time (50th percentile) at one residence; 

EPA 1989d) 

BW: 70 kg (adult, average; EPA 1989d) 
16 kg (children 1 through 6 years old, 50th percentile; EPA 1985a) 

AT: Pathway-specific period of exposure for noncarcinogenic effects 
(i.e., ED x 365 days/year), and 70 year lifetime for carcinogenic effects 
(i.e., 70 years x 365 days/year). 

a &e Section 6.4.1 and 6.6.2 for a discussion of which variabk values should be used to coJculllle 
the reasonabk maximum aposurr. In general, use 95th or 90th percentik values for contact rate 
and aposurr frequency and duralion variables. 
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8.2 QUANTIFYING RISKS 

This section descri))es steps for quantifying risk 
or hazard indices for both carcinogenic and 
noncarcinogenic effects to be applied to each 
exposure pathway analyzed. The first subsection 
covers procedures for individual substances, and 
is followed by a subsection on procedures for 
quantifying risks associated with simultaneous 
exposures to several substances. Sample table 
formats for recording the results of these 
calculations as wen as recording associated 
information related to uncertainty and absorption 
adjustments are provided in Exhibits 8-2 through 
8-4. 

8.2.1 CALCULATE RISKS FOR INDIVIDUAL 
SUBSTANCES 

C.rdnogenlc etrects. For carcinogens, risks 
are estimated as the incremental probability of an 
individual developing cancer over a lifetime as a 
result of exposure to the potential carcinogen 
(i.e., incremental or excess individual lifetime 
cancer risk). The guidelines provided in this 
section are consistent with EPA's (1986a) 
Guidelines for CaTCinogen Risk Assusment. For 
some carcinogens, there may be sufficient 
information on mechanism of action that a 
modification of the approach outlined below is 
warranted. Alternative approaches may be 
considered in consultation with ECAO on a case
by-case basis. 

The slope factor (SF) converts estimated daily 
intakes averaged over a lifetime of c::lpOSure 
directly to incremental risk of an individual 
developing cancer. Because relatively low intakes 
(compared to those elperienced by test animals) 
are most likely from environmental c::lpOSures at 
Superfund sites, it generally can be assumed that 
the dose-response relationship will be linear in the 
low-dose portion of the multistage model dose
response curve. (See the Background Document 
2 of IRIS for a cUscussion of the multistage 
modeL) Under this assumption, the slope factor 
is a constant, and risk will be directly related to 
intake. Thus, the linear form of the cardnogenic 
risk equation is usually applicable for estimating 
Superfund site risks. This linear low-dose 
equation is described in the nell box. 

UNEAR LOW~ CANCEit 
RISK EQUA'nON 

.Rilt •. CDI x SF 

RJst. Iii a Ullitlaa probability (e.g., 2 x 
tO'S) of u iDdiYi4ual developing 
CIIIICCt; 

CDI 1.. dBoalc:dailyintake averaged over 
·.· ·. '10 yeam (JD81kl-4ay); and 

However, this linear equation is valid only at 
low risk levels (i.e., below estimated risks of 0.01 ). 
For sites where chemical intakes might be high 
(i.e., risk above 0.01), an alternate calculation 
equation should be used. The one-hit equation, 
which is consistent with the linear low-dose model 
given above and described in the box on page 
8-11, should be used instead. 

Because the slope factor is often an upper 
95th percentile confidence limit of the probability 
of response based on e~perimental animal data 
used in the multistage model, the cardnogenic risk 
estimate will generally be an URper-bound 
etrimate. This means that EPA is reasonably 
confident that the "true rist- will not exceed the 
risk estimate derMd through use of this model 
and is likely to be leas than that predicted. 

NoaeardDopDJc etrects. The measure used to 
describe the potential for noncardnogenic toxicity 
to. occur in an individual is J1Q! expressed as the 
RfObability of an individual suffering an adverse 
effect. EPA does not at the present time use a 
probabilistic approach to estimating the potential 
for noncarcinogenic health effects. Instead, the 



ONE-HIT EQUATION FOR HIGH 
CARCINOGENIC RISK LEVELS 

Risk = 1 - exp{·CDlx SF) 

where: 

Risk = a u_pitless p~~~ilitY (~g~ 2 x · 
10': } of an tndivtdual · · . 
developing cancel'f. ·. 

exp = the exponential; .. 

CDI = chronic daily intake averaged 
over 70 years (mglkg-day); and 

SF = slope factor,in (1Uglkg:-<Jayr1. 

potential for noncarcinogenic effects is evaluated · · 
by comparing an exposure level over a specified 
time period (e.g., lifetime) with a reference dose 
derived for a similar exposure period. This ratio 
of exposure to toxicity is called a hazard quotient 
and is described in the box in the opposite 
column. 

The noncancer hazard quotient assumes that 
there is a level of exposure (i.e., RID) below 
which it is unlikely for even sensitive populations 
to experience adverse health effects. If the 
exposure level (E) exceeds this threshold (i.e., if 
EIRID exceeds unity), there may be concern for 
potential noncancer effects. As a rule, the greater 
the value of E/RfD above unity, the greater the 
level of concern. Be sure. however. not to 
interpret ratios of E/RfD as statistical 
probabilities; a ratio of 0.001 does DQ! mean that 
there is a one in one thousand chance of the 
effect occurring. Funher, it is important to 
emphasize that the level of concern does not 
increase linearly as the RID is approached or 
exceeded because RIDs do not have equal 
accuracy or precision and are not based on the 
same severity of toxic effects. Thus, the slopes of 
the dose-response curve in excess of the RID can 
range widely depending on the substance. 

Three exposure durations that will need 
separate consideration for the possibility of 
adverse noncarcinogenic health effects are chronic, 
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NONCANCER HAZARD QUOTIENT 

Noncancer Hazard Quotient = EJRID 

where: 

E = exposure level (or intake); 

RID= .reference dose; and 

E and RfD are expressed in the same 
units· and represent the same exposure 
period (Le~ chronico subchronic, or 
shorter-term). 

. > 

subchronic, and shorter-term exposures. As 
guidance for Superfund, chronic exposures for 
humans range in duration from seven years to a 
lifetime; such long-term exposures are almost 
always of concern for Superfund sites (e.g., 
inhabitants of nearby residences, year-round users 
of specified drinking water sources). Subchronic 
human exposures range in duration from two 
weeks to seven years (as a Superfund program 
guideline) and are often of concern at Superfund 
sites. For example, children might attend a junior 
high school near the site for no more than two or 
three years. Exposures less than two weeks in 
duration are occasionally of concern at Superfund 
sites. For example, if chemicals known to be 
developmental toxicants are present at a site, 
short-term exposures of only a day or two can be 
of concern. 

8.2.2 AGGREGATE RISKS FOR MULTIPLE 
SUBSTANCES 

At most Superfund sites, one must assess 
potential health effects of more than one chemical 
(both carcinogens and other toxicants). 
Estimating risk or hazard potential by considering 
one chemical at a time might significantly 
underestimate the risks associated with 
simultaneous exposures to several substances. To 
assess the overall potential for cancer and 
noncancer effects posed by multiple chemicals, 
EPA (1986b) has developed Guidelines for the 
Health Risk Assessment of Chemical Mixtures that 
can also be applied to the case of simultaneous 
exposures to several chemicals from a variety of 
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sources by more than one exposure pathway. 
Although the calculation procedures differ for 
carcinogenic and noncarcinogenic effects, both sets 
of procedures assume dose additivity in the 
absence of information on specific mixtures. 

Information on specific mixtures found at 
Superfund sites is rarely available. Even if such 
data exist, they are often difficult to use. 
Monitoring for "mixtures" or modeling the 
movement of mixtures across space and time 
present technical problems given the likelihood 
that individual components will behave differently 
in the environment (i.e., fate and transport). If 
data m available on the mixtures present at the 
site, but are not adequate to suppon a 
quantitative evaluation, note the information in 
the •assumptions• documentation. 

Carcinogenic effects. The cancer risk equation 
described in the box below estimates the 
incremental individual lifetime cancer risk for 
simultaneous exposure to several carcinogens and 
is based on EPA's (1986a,b) risk asseSsment 
guidelines. This equation represents an 
approximation of the precise equation fur 
combining risks which accounts for the joint 
probabilities of the same individual developing 
cancer as a co~uence of exposure to two or 
more carcinogens. The difference between the 
precise equation and the approximation described 
in the box is negligible for total cancer risks less 
than 0.1. Thus, the simple additive equation is 
appropriate for most Superfund risk assessments. 

CANCER RISK EQUATION FOR 
MUL11PLE .. SUBSTANCES·•· 

wbere: 

. .. 

·lust·.·= 1: u;.lT . . . T . . .. 4--t 

•.·c·.. . 

> .. · ···ruar = ~t~ ~lisle, apressm··· 
as· a lmitle&l probability; and 

... ·.·.· .. 
·... .. .. 

Risk; = the risk estfuiate for the fh 
subslane¢···. 

The risk summation techniques described in 
the box on this page and in the footnote assume 
that intakes of individual substances are small. 
They also assume independence of action by the 
compounds involved (i.e., that there are no 
synergistic or antagonistic chemical interactions 
and that all chemicals produce the same effect, 
i.e., cancer). If these assumptions are incorrect, 
over- or under-estimation of the actual multiple
substance risk could result. 

Calculate a separate total cancer risk for each 
exposure pathway by summing the substance
specific cancer risks. Resulting cancer risk 
estimates should be emressed using one significant 
figure only. Obviously, the total cancer risk for 
each pathway should not exceed 1. Exhibit 8-2 
provides a sample table format for presenting 
estimated cancer risks for specified exposure 
pathways in the "Total Pathway Risk" column. 

There are several limitations to this approach 
that must be acknowledged. First, because each 
slope factor is an upper 95th percentile estimate 
of potency, and because upper 95th percentiles of 
probability distributions are not strictly additive, 
the total cancer risk estimate might become 
anificially more conservative as risks from a 
number of different carcinogens are summed. If 
one or two carcinogens drive the risk, however, 
this problem is not of concern. Second, it often 
will be the case that substances with different 
weights of evidence for human carcinogenicity are 
included. The cancer risk equation for multiple 
substances sums all carcinogens equally, giving as 
much weight to class B or C as to class A 
carcinogens. In addition, slope factors derived 
from animal data will be given the same weight as 
slope factors derived from human data. Finally, 
the action of two different carcinogens might not 
be independent. New tools for assessing 
carcinogen interactions are becoming available 
(e.g., Arcos et al. 1988), and should be considered 
in consultation with the RPM. The significance 
of these concerns given the circumstances at a 
particular site should be discussed and presented 
with the other information described in Section 
8.6. 

Noncarcinogenic effects. To assess the overall 
potential for noncarcinogenic effects posed by 
more than one chemical, a hazard index (HI) 
approach has been developed based on EPA's 



(1986b) Guidelines for H~alth Risk Assessment of 
Chemical Mmures. This approach assumes that 
simultaneous subthreshold exposures to several 
chemicals could result in an adverse health effect. 
It also assumes that the magnitude of th~ adverse 
effect will be proponional to the sum of the ratiQS 
of the subthreshold exposures to acceptable 
exposures. The hazard index is equal to the s~ 
of the hazard quotients, as described in the box 
below, where E and the RfD represent the same 
exposure period (e.g., subchronic, chronic, or 
shorter-term). When the hazatd index exceeds 
unity, there may be concern for potential health 
effects. While any single chemical with 81) 

exposure level greater than the toxicity value will 
cause the hazard index to exceed unity, for 
multiple chemical exposures, the hazard index can 
also exceed unity even if no single chemiC'(ll 
exposure exceeds its RfD. 

Hazard Index = B11RID1 + E~ + ··• . 
+ EdRfD;•••· 

where: 

= exposute level (()I' intake) for 
the i*·.· toxicant; •·•·•· •···· •• > •·••• •····· · · ·. ·· ... 

Rfl)i = reference .~o5e ~~ $~ tt 
toxic:ant;. and ···· ·•· · · 

. >: . >>:::..: .. :<<<<::.: :.:-.- '. : ·.::··.:. 

E and RfD are expressed iJ1 ijie. wac ·.· 
units and represent the same ezposure 
period (i.e.t chronic; subchronk; ()J' < 
shorter-term). · · · · 

It is important to calculate the hazard i.ndex 
separately for chronic, subchronic, and sh<>$r
term exposure periods as described below. It is 
also important to remember to include RfDs for 
the noncancer effects of carcinogenic substances. 

(1) Noncarcinogenic effects chronic 
exposures. For each chronic exposure 
pathway (i.e., seven year to lifetime 
exposure), calculate a separate chronic 
hazard index from the ratios of the chronic 
daily intake (COl) to the chronic reference 
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dose (RID) for individual chemicals as 
desCribed in the box below. Exhibit 8-3 
provides a sample table format for 
recording these results in · the. •Pathway 
Hazard Index" column. 

. . 

··· CBRONICNONCA.NCBil ~ 
JNDEX 

Chronic< 
·.Hazard lodeS = CDJIRfl) . + CDt-IDm ... ·· .· ... . ·.· .. · .. J. 1 ~ .. ~z 

+·~· +CDI,JR!Di 

·:.:··: . .-:·. ::>.::: .·.·· : . 
. · ··.:· ····· ... :::······-: ·· .. :·.· ·· .. 

·•i··•'CDit=·d:lromc··daily -~for the irh 
·· ·· tOXiamtin mglkg~y. and 

1111: COliS~ m Slhibitl'-11 through 6-19 
. . - 6-la 811d. tbe RfD •• idCDd6ed in E:h~it 7-2. 

(2) Noncarcinogenic effects -- subchronic 
gposures. Fo.- each subchronic exposure 
pathway (i.e., two week to sev~n year 
expos~re), calculate a sep~te su~hronic 
hazard index from the ratios of the 
subchronic daily intake (SOl) to the 
subchronic reference dose (RfQ3) for 
individual chemicals as described in· the box 
on the next page. Exhibit 8-4 provides a 
sample table format for recor~~g these 
results in the •Pathway Hazar.~ Index" 
column. Add only tho$,e ratios 
corr~ponding to sllbcW,onic exp<)sures that 
will be occuriing simultaneously. 

(3) Noncarcinogenic effg - less tbfn two 
week <;lpOSures. 'J¥e same pr~ure ~y 
be applied for sim~neous shorter-t~ 
exposures to several chemi~. For 
drinking water expqsu.re,s, 1- and 1,0-:daY 
Health Advisories can be used a$ reference 
toxicity values. Depending on ~~~le 
data, a separate hazard in,dex might jilso be 
calculated for developiQental · toxicants 
(using RfDms), which might ~use adverse 


