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1.0 INTRODUCTION 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Modified March 31, 1995 

This Amended Closure Plan has been prepared by the New Mexico Environment 
Department (NMED) as documentation of Los Alamos National Laboratory's (the 
Laboratory's) intent to perform a clean closure of TA-35 TSL-85 surface 
impoundment in accordance with the requirements of 40 CFR §265.228 (here and 
throughout this document, references to federal regulations include their state 
analogs) . This plan is a an amended version of the December 1991 Closure Plan 
for the TA-35 TSL-85 surface impoundment, for which NMED issued a letter denying 
Clean Closure Equivalency Demonstration and Disapproval of Closure Plan on June 
21, 1993. 

Initial investigations of the surface impoundment determined that an inactive 
underground storage tank connects to the surface impoundment. The Laboratory 
intends to address decontamination and removal of the tank as part of the surface 
impoundment closure. The surface impoundment is located on the rim of Mortandad 
Canyon, and, depending on the extent of any contamination associated with the 
unit, soil removal undertaken to attain "clean" closure potentially impacts the 
stability of the canyon wall. To minimize destabilization of the site, it is 
desirable to maintain the existing slope and to allow the native vegetation 
currently established to remain as undisturbed as possible. For this reason, if 
contamination at the site is found to be really extensive, the Laboratory will 
follow U.S. EPA guidance in establishing health-based "clean level" 
concentrations for any hazardous wastes or constituents that analytical results 
show to have been released from the unit. The U.S. EPA states that closure to 
these health based "clean levels" is considered sufficient to meet the clean 
closure requirements of 40 CFR §265. 228 (a) (1) . This Closure Plan has been 
amended to provide information sufficient to satisfy the equivalency 
determination requirements given in 40 CFR §270.1(c) (6) and further described in 
the Office of Solid Waste and Emergency Response Directive 9476.00-18 (May 12, 
1989). 

To achieve clean closure the Laboratory will remove of standing liquids, wastes 
and waste residues from the surface impoundment, the inactive underground storage 
tank, and their associated structures, and, removal of any underlying and/or 
surrounding soil contaminated with hazardous constituents. The Laboratory will 
also remove any contaminated media from the Mortandad Canyon Spill Pathway and 
other associated areas impacted by any releases from the unit as defined in 40 
CFR § 264.501, Subpart S. A risk assessment shall be performed based upon 
analytical data from the site. This risk assessment will be used to determine 
the extent of soil removal necessary to meet clean closure criteria. All soil 
with contamination above the "non-detect level" will be removed as part of the 
closure effort, and the site will be backfilled, regraded, and seeded with native 
vegetation as required by EPA Cover Design Guidance Documents. In addition, 
decontamination and removal of the underground storage tank system will be 
addressed as part of this closure effort in Sections 4.3 and 5.2 of this Amended 
Closure Plan. 
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2.0 FACILITY DESCRIPTION 

The Laboratory occupies an area of 43 square miles in Los Alamos County Figure 
1) located in north central New Mexico. The Laboratory and the associated 
residential areas of Los Alamos and White Rock are situated on Pajarito Plateau, 
which consists of a series of finger-like mesas separated by deep east-west 
trending canyons. The mesa tops range in elevation from approximately 7, 800 feet 
at the flank of the Jemez Mountains (located to the west of Los Alamos) to about 
6,200 feet at their eastern extent where they terminate above the Rio Grande 
Valley. Streams flow intermittently through the bottoms of the east-west 
trending canyons. 

The Laboratory is divided into 48 active Technical Areas (TAs) (Figure 2). TA-35 
is north-centrally located and is flanked by Mortandad Canyon to the north and 
Ten Site Canyon to the south (Figure 3) . TA-35 is underlain by volcanic bedrock; 
the main aquifer lies approximately 1,200 feet below the surface. Detailed 
descriptions of the geology and hydrology are presented in the RCRA Part B Permit 
Application for the Laboratory and in the Hydrogeologic Assessment of Technical 
Area 54, Areas G and L. 

Building 85 is centrally located on the northern edge of TA-35 (Figure 3). The 
surface impoundment, built in 1985 and brought into use by early 1986, is 
situated just northeast of the building, close to the rim of Mortandad Canyon. 

2.1 SURFACE IMPOUNDMENT 

The surface impoundment was initially used to contain accidental spills. The 
impoundment was also used to contain liquids, primarily oil and mop water which 
were discharged through floor drains, from inside Building 85. 

The surface impoundment is approximately 34 feet in length by 24 feet in width, 
covering an area of approximately 816 square feet (Photograph 2-1) The impound­
ment sides are sloped at a ratio of one to one and are constructed of wire mesh 
sprayed with approximately four inches of gunite. The bottom of the impoundment 
consists of a four-inch thick wire reinforced gunite slab, the surface of which 
is protected with a 15-mil waterproof coating. The surface impoundment is four 
feet deep and has an effective capacity (with a two-foot freeboard) of 7,640 
gallons. Engineering drawings for the impoundment are presented in Figure 4. 

There is no permanent outfall from the surface impoundment; however, the 
impoundment is suspected of having overtopped during the rainy spring of 1988, 
releasing an unknown volume of liquids. Sandbags were subsequently installed 
around the surface impoundment in an effort to prevent any additional 
overtopping. 

2.2 PIPING AND ASSOCIATED STRUCTURES 

Two six-inch schedule 40 PVC pipes (Photographs 2-2, 2-3, and 2-4) drain into the 
surface impoundment on its west side, by traversing along the top of the 
impoundment, five feet from the bottom, and tapering down into the impoundment. 
Therefore, the PVC pipe does not penetrate the gunite liner (Figure 4) . One pipe 
leads to a drain in a bermed storage pad located on the east side of Building 85. 
This storage pad contains a 15, 000 gallon above ground Marx tank. The other pipe 
is connected to an inactive underground storage tank located to the west of the 
surface impoundment. Although the original purpose of the underground storage 
tank is not known and no inflow lines are currently connected to it, Laboratory 
personnel indicate that it was thought to be a flow-through settling tank 
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(Mcinroy, 1991) . The period during which the tank was actively used also is not 
known, but is believed to have ceased prior to 1985. Activities conducted in 
Building 85 and the nature of any discharges to the surface impoundment 
associated with these activities are described in Section 3.0. 
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3.0 PROCESS INFORMATION 

Building 85 is used for developing electron guns and related laser assem­
blies/equipment for a Laser Technology Research Program at the Laboratory. 
Equipment utilized in the building requires the use of nonhazardous insulating 
oil. The storage pad, upon which the Marx tank is located outside Building 85, 
drains to the surface impoundment and may have discharged cleanup water 
containing accidental spills and de minimus losses of insulating oil to the 
surface impoundment. Other potential sources of releases that may have drained 
to the surface impoundment include the Marx tanks located inside Building 85 and 
washwater from equipment- and floor-cleaning activities. Some of these oils and 
liquids may have contained degreasing solvents, the primary source of hazardous 
constituents in the waste oil stored in the surface impoundment. 

Although the likelihood for Building 188 to have historically contributed to the 
TSL-85 waste stream is not certain, it is considered a potential source because 
lines that may have been connected to the underground storage tank at one time 
were traced to Building 188. It is thought that the wastes from Building 188 may 
have been similar to those from Building 85. Building 188 was meant to be used 
as a high voltage test area and was used for that purpose for a short period of 
time, before becoming a facility for chemical analysis (gasses only) and a 
machine shop (Umphres, 1991) . No records are available to document this 
potential waste stream contribution. 

3.1 SURFACE IMPOUNDMENT 

The surface impoundment normally receives nonhazardous insulating oil and 
equipment/floor cleaning rinseate via the floor drain in the bermed storage pad 
located outside of Building 85. In addition, the impoundment receives rainfall 
runoff from the bermed storage pad area. The liquids form two phases in the 
impoundment, an upper oil phase underlain by a water phase. Subsequent to the 
accumulation of rinseate from cleanup operations and insulating oil from Marx 
tank losses in the surface impoundment, the oil phase is pumped out and trans­
ferred to the TA-54, Area L storage area. Based on analytical results, the 
insulating oil is transported offsite for either recycling or disposal at RCRA 
permitted facilities. The remaining water phase is also removed from the 
impoundment and handled in the same manner. 

3.2 FLOOR DRAIN AND PIPING 

The floor drain in the bermed storage pad area captures rinseate and insulating 
oil spills that may occur inside Building 85, spills from the Marx tank located 
on the storage pad, and rainfall. These fluids empty directly from the floor 
drain to the surface impoundment via the PVC drain pipe. 

3.3 UNDERGROUND STORAGE TANK AND PIPING 

A past potential intermediate receptor of waste from Building 85, and possibly 
from Building 188, is the inactive underground storage tank system. Although no 
inflow lines to the underground storage tank exist today, lines may have 
transmitted waste to the underground storage tank from Building 85 and possibly 
from Building 188 in the past. Because the underground storage tank is connected 
to the surface impoundment via a PVC drain pipe, most waste flowing into the 
underground storage tank eventually drained into the surface impoundment. 

3-1 



4.0 WASTE INVENTORY 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Process knowledge of the operations at Building 85 indicates that Shell DIALA(R) 
OIL AX is the only insulating oil that has been used in Building 85. Process 
knowledge for the types of waste contributed to the surface impoundment from 
operations in Building 188 is insufficient to make a judgement concerning 
Building 188's impact on the surface impoundment. 

4.1 SURFACE IMPOUNDMENT 

The surface impoundment is subject to regulation as a hazardous waste management 
unit because of the suspected introduction of degreasers into the waste stream 
during cleaning and maintenance of equipment parts and the floors in Building 85. 
Degreasers have entered the surface impoundment through the piping that connect 
the floor drain in the storage pad to TSL-85. 

Analytical results of a grab sample collected from the surface impoundment on 
June 9, 1988 confirmed the presence of degreasers. The sample was collected 
using a composite liquid waste sampler (COLIWASA) illustrated in Figure 12. 
COLIWASA's obtain a vertical composite of the two-phase liquid and sludge. The 
sample was stored in appropriate containers and preserved as specified in Section 
5.5. and Table 1. The sample was analyzed for volatile organics, semivolatile 
organics, the results of which are found in Table 8. Toxicity Characteristic 
Leaching Procedure (TCLP) for metals (Table 10), polychlorinated biphenyls (PCBs) 
(Table 11), and radionuclide activity. Results of volatile organic analyses 
indicate the presence of a cleaning degreaser profile with parts per million 
(ppm) concentrations of 1, 1, 2-trichloro-1,2, 2-trifluoroethane and parts per 
million (ppm) concentrations of acetone (Table 8) . Surrogate spike recoveries 
for the volatile organic analyses are reported in Table 9. Semivolatile organic 
results were inconclusive because of the presence of the oil phase in the sample. 
No EP Toxic concentrations of metals were detected in the liquid sample; however, 
the sludge sample contained a total lead concentration of 5.2 ppm (Table 10). 
Radiological analyses of the sample detected 10.0 picocuries per liter (pCi/L), 
5.6 pCi/L, and -600 pCi/L1 of alpha, beta, and gamma activity, respectively. 
These values indicate that radionuclide activity was below both background 
concentrations and the maximum contaminant concentration for drinking water 
established by U.S. EPA. Analytical results from surface impoundment oil/water 
grab samples collected on June 9, 1988 and previous dates indicate the absence 
of detectable levels of PCBs in the insulating oil waste stream on those dates 
(Table 11). 

4.1.1 Estimate of Maximum Volume of Liquid in the Surface Impoundment 

The amount of waste oil/water stored in the surface impoundment has varied with 
time, and no complete records of the total waste volume contained at the TSL-85 
surface impoundment are available. Based on its dimensions, the maximum capacity 
of the surface impoundment, including the two feet of freeboard, is 7, 640 
gallons. During the period of heavy rainfall in the summer of 1988, however, the 
maximum capacity of the unit was exceeded. 

4.2 FLOOR DRAIN AND PIPING 

The floor drain and piping inside Building 85 and the drain below the bermed 
storage pad outside of Building 85 have captured spills of insulating oil and 

1Note: Negative value indicates concentration below analytical detection limits. 
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equipment/floor cleaning rinsate and directed it to the surface impoundment. 
Introduction of volatile organic compounds such as 1,1,2-trichloro-1,2,2-
trifluoroethane into the waste stream is suspected to be through the use of 
cleaning/degreaser compounds for floor cleaning and equipment maintenance. 

4.2.1 Estimate of Floor Drain and Piping Waste Volume 

The floor drain and piping that drain to the surface impoundment are designed 
such that liquid does not pond, but instead is drained immediately into TSL-85. 
Therefore, there is no standing liquid in these areas. 

4.3 UNDERGROUND STORAGE TANK AND PIPING 

The inactive underground storage tank located west of the surface impoundment is 
connected to TSL-85 through a six-inch schedule 40 PVC pipe. Laboratory 
personnel believe that piping from Building 85 and possibly from Building 188 may 
have been connected to the underground storage tank in the past. Because the 
contents in the underground storage tank were able to drain to TSL-85 via the PVC 
pipe, the underground storage tank was an intermediate receptor of surface 
impoundment waste prior to its decommissioning. 

4.3.1 Estimate of Waste Volume in the Underground Storage Tank 

No records are available identifying the total waste volume that passed through 
the underground storage tank. The underground storage tank has a capacity of 
3,000 gallons. The contents of the underground storage tank drain through the 
piping into TSL-85, and the maximum volume of waste stored in the underground 
storage tank system would be less than the 3,000 gallons. 
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5.0 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 I), beneath the UST and associated piping (Phase III), and along the 
Mortandad Canyon spill path (Phase IV) . For a description of Phase I through 
Phase V see Table 12. 

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. 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 6.0 of this Amended Closure Plan. As a 
result of the risk evaluation, all detected hazardous constituents will be 
addressed as determined appropriate by LANL with NMED approval. 

5.1 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 are indicated in Figure 8. Six soil samples will be 
collected at a depth of 2 to 3 feet at the approximate locations shown on 
Figure 5. The soil samples will be collected with a hand auger in accordance 
with the procedure described in Section 5.4.1.2, placed in approved containers, 
and preserved appropriately (Table 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 2), SVOCs (Table 3), pesticides and 
herbicides (Table 4), and metals (Table 5) that their in-house laboratories have 
the analytical capability to perform. Table 6 has been provided for reference 
and summarizes the Appendix VIII constituents for which EM- 9 can analyze with the 
associated SW-846 methods. Table 7 is a list of constituents that LANL EM-9 
cannot test for at this time. 

5.2 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 III 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 as 
indicated in Figure 9. Twelve soil samples will be collected, following the 
procedures described in Section 5.4.1.2, at a depth of 3.5 to 4.5 feet below the 
location of the former Underground Storage Tank and Associated Piping. These new 
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samples will be taken as near the same sampling locations used for Phase III 
sampling as is possible. 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 (Figure 
6). The soil samples will be collected with a hand auger in accordance with the 
procedure described in Section 5. 4 . 1. 2, placed in approved containers, and 
preserved appropriately as summarized in Table 1. They will be accompanied by 
the proper chain-of-custody and request for analysis forms. The samples will be 
analyzed for VOCs (Table 2), SVOCs (Table 3), pesticides and herbicides (Table 
4), and metals (Table 5). 

5.3 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 six (6) inches at approximately the same 
sampling locations from which the Phase IV samples were taken (Figures 7 and 10). 
The samples will be collected using a disposable teflon trowel or scoop in 
accordance with the procedure described in Section 5.4.1.1, placed in approved 
containers, and preserved as stated in Table 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 2), SVOCs (Table 3), pesticides and herbicides (Table 
4), and metals (Table 5). 

5.4 SAMPLING AND ANALYSIS PROCEDURES 
The following sections were extracted from the Interim Status Closure Plan for 
the TA-35 TSL-85 Surface Impoundment (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. 

5.4.1 Soil Sampling Procedures 
Soil sampled from the surface to depths five-feet below the former location of 
the bottom of the removed surface impoundment liner will be collected with a 
trowel, scoop, or hand-held auger. These samples will be taken from pre selected 
depths and locations within the Sampling Grid illustrated in Figure 11. 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 1) . 

5.4.1.1 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. 
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• 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. 

• 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 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. 

5.4.2 Rinsate Sampling Procedures 
A composite liquid waste sampler (Coliwasa illustrated in Figure 12) or similar 
device will be used to sample rinsate from equipment cleaning. As an alternative 
to the Coliwasa, disposable Coliwasa 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. 

5.4.2.1 Sampler Preparation 
The Coliwasa sampler will be cleaned before each use. The sampler will be washed 
with a warm detergent solution (Liquinox® 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. 

5.4.2.2 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. 

• 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. 
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• 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. 

5.4.3 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 (Figure 13). 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 completed by the 
laboratory personnel when the sample is received. 

5.4.4 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 6. 

5.5 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 
5. 4. 2 and outlined in SW-846. The samples will be analyzed for all Appendix VIII 
VOCs (Table 2), SVOCs (Table 3), pesticides and herbicides (Table 4), and metals 
(Table 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 
5. 4. 2. Protective clothing utilized during the sampling effort will be collected 
and disposed as hazardous waste at an off-site RCRA-permitted facility. 

5.6 ANALYSIS NOT PERFORMED AT LANL EM-9 
All samples taken from the TA-35, TSL-85 Surface Impoundment Site will be 
analyzed for all Appendix VIII constituents. Those constituent analysis not 
within the capabilities of EM-9 to Perform will be sent to an EPA recognized 
independent laboratory capable of performing the analysis for the constituents 
in question. For a list of constituents not tested for by EM-9 see Table 7. 
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6.0 PROPOSED RISK EVALUATION 

The risk evaluation proposed in this Amended Closure Certification Plan 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 Underground Storage Tank 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. These Risk Assessments shall address the 
most conservative levels of risk, that of residential use standards. 

6.1 CALCULATION OF ACTION LEVELS 
Health-based soil concentration action levels will be calculated for the 
constituents listed in Tables 2 through 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 Subpart S, (Federal Register, Volume 55, No. 145, pp. 30815-20 and 30865-73) 
which is Appendix D of this Amended Closure Plan, for the soil ingestion pathway 
only. 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. Results of these calculations are found in Tables 13, 14 and 15. 

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

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

where: 

C health-based action level in the soil (milligrams per 
kilogram [mg/kg]) 

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) 

The governing equation for calculation of health-based action levels for 
carcinogenic constituents is: 

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

where: 
C = health-based action level in the soil (mg/kg) 
R = assumed risk level (dimensionless) (10- 6 for class A & B; 10- 5 for class C 
carcinogens) 
W = body weight, 70 kg (Appendix D of Subpart S) 
LT = assumed lifetime, 70 years (Appendix D of Subpart S) 
SF = carcinogenic slope factor, constituent specific, from current IRIS database 
[ (mg/kg/day) -1

] 

I = soil intake, 0.1 g/day (Appendix D of Subpart S) 
ED exposure duration, 70 years (Appendix D of Subpart S) 
CF = conversion factor (0.001 kg/g) 
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6.2 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) which is Appendix C of this 

Amended Closure Plan. 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 SubpartS (i.e., direct soil 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) 

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: 10-6 kg/mg 
FI 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. 

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. 
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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 C of this closure plan). 

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 

where: 

HQi = Hazard quotient for the i th toxicant. 

Aggregate risk is calculated from: 

Aggregate Risk = E Riski 

where Riski = risk estimate for the ith 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 
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Impoundment. If the aggregate hazard index is greater than or equal to 1 or the 
aggregate risk exceeds lxl0- 6

, 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 standards for residential use. 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 lxl0-6

, clean closure of the site will be considered achieved because the 
site does not pose an unacceptable risk to human health or the environment. 

6.3 RISK CHARACTERIZATION 
A risk characterization will be included in the Amended Closure Certification 
Report that presents quantitative and qualitative descriptions of risk at 
residential level of exposure. 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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The procedures that will be implemented to close the TA-35 TSL-85 surface 
impoundment and associated structures are designed to achieve the following 
performance standards: 

• Protection of human health and the environment; 

• Prevention of the escape of hazardous waste, hazardous waste consti­
tuents, leachate, contaminated rainfall, or waste decomposition products 
to the ground or surface waters or atmosphere; and 

• Minimization of future maintenance. 

The Laboratory plans final closure for this area by the spring of 1995. 

In compliance with HWMR-7, Pt. VI, 265.228(a) (1), this closure plan for Technical 
Area 35 TSL-85 Surface Impoundment includes a soil removal, sampling, analysis 
and evaluation plan. This plan outlined, in Table 12, details a five-phase 
approach to demonstrate clean closure verification for TA-35, TSL-85 Surface 
impoundment site that includes an assessment of site conditions and subsequent 
management of any hazardous equipment, structrues, wastes, and/or materials 
associated with the site. LANL will remove all waste residues, contaminated 
systems, structures, and equipment an manage them as hazardous waste. 

7.1 WASTE REMOVAL PROCEDURES 

The waste liquids and residues contained within the surface impoundment will be 
removed as part of the closure process. The procedures used to remove these 
wastes are described in the following sections. 

7.1.1 Liquid Removal 

All liquid waste contained within the surface impoundment has been and will be 
disposed as a hazardous waste. In the past, as fluid levels approached the two­
foot freeboard limit, EM-7, the Laboratory's waste management group, was 
contacted and an off-site transport contractor was scheduled to collect and 
remove the waste liquids. A dedicated transfer pump and hose were used to pump 
the liquid from the surface impoundment into a hazardous waste tanker truck. The 
fluid was then transported off-site to a RCRA-permitted TSD facility. Waste 
liquid disposal during closure of the surface impoundment will follow the above 
procedures. 

All state and federal regulatory requirements pertaining to the management of 
these liquid wastes have been and will be observed, including the 40 CFR Part 268 
land disposal restrictions. 

7.1.2 Residue Removal 

Solid residue remaining in the floor of the surface impoundment will be excavated 
and placed in DOT-approved containers. The removal method used will depend on 
the physical characteristics of the residue. Because previous analytical results 
show the residue may be hazardous (Section 4. 0), it will be placed in DOT­
approved containers. To expedite closure activity, an area at or near the site 
will be constructed where containers are able to accumulate for 90 days or less. 
The area will be paved, blocked off from vehicular and pedestrian traffic, and 
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appropriate signs will be posted around its perimeter. The containers will be 
properly labelled and stored on pallets, routine inspections of the area will be 
made, and all required documentation will be maintained. The containers will 
then be transferred to TA-54, AreaL, the Laboratory's permitted hazardous waste 
storage area, to await final disposition. Any additional sampling necessary to 
facilitate treatment or disposal of the waste residues will be performed prior 
to transfer to Area L. All waste residues will be considered hazardous and 
managed accordingly. 

7.2 DECONTAMINATION AND REMOVAL OF THE UNDERGROUND STORAGE TANK, 
SURFACE IMPOUNDMENT LINER, SANDBAGS, AND ASSOCIATED PIPING 

The following steps will be taken to decontaminate and remove the underground 
storage tank, liner and sandbags, associated piping, and soil so that clean 
closure criteria are met. 

7.2.1 Leak Testing, Decontamination, and Removal of the Underground Storage 
Tank and Piping 

Prior to removal, the tank will be pressure tested for possible leakage. This 
pressure test will be conducted as follows: all plumbing fixtures will be 
sealed, and the tank will be filled with compressed air to approximately 10 to 
25 pounds per square inch gauge. If the tank can maintain its initial charge 
pressure for approximately 48 hours, then it will be considered a non-leaking 
tank. 

Both the underground storage tank and the two six-inch schedule 40 PVC pipes 
leading to the surface impoundment will be decontaminated using a rinse 
containing a surfactant such as Liquinox or Alconox. All rinsate will be 
collected in a temporary containment system, and subsequently transferred into 
DOT-approved containers. Each sample will be analyzed for volatile organic 
compounds identified in Table 2, Semi volatile Organics specified in Table 3, PCBs 
in Table 4, and Toxicity Characteristic Leaching Procedures (TCLP) metals 
identified in Table 5. Composite sampling will not be used for this clean 
closure. If analytical results characterize the rinsate as a hazardous waste, 
the rinsate will be managed and disposed in compliance with all state and federal 
requirements. The decontamination washing, rinsate collection, sampling and 
analyses will be repeated until the results no longer show detectable or TCLP 
concentrations of contaminants, as appropriate. 

Due to the fact that there is an occupance of multiple hazardous waste 
constituents present in the soil at the closure, PCB values must be included in 
the calculation during risk assessment for aggregate risk or for the hazard 
index. The maximum concentration of PCBs detected in the soils was 1.1 parts per 
million (ppm). NMED standards are .09 or .9 ppm. LANL will resample the site 
to determine if further removal of contaminated soil and equipment is required 
to meet these standards. 

To facilitate decontamination of the underground storage tank, it will be placed 
in a temporary containment system constructed for this purpose and steam-cleaned 
using a high-pressure, hot-water washer. The water will be collected, 
containerized, sampled, and analyzed in the manner described above. If 
decontamination of the underground storage tank and/or any of the lines cannot 
be accomplished, the material will be excavated, drummed, and disposed as a 
hazardous waste. 
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Areas sampled in the 1989 Phase III and Phase IV projects who's sampling 
locations are identified in Figures 6 and 7 will be resampled and analyzed for 
SVOCs. The proposed risk evaluation (Section 6) will include an evaluation of 
the risk in these areas based on the new analytical data resulting from the 
additional sampling effort and Phase VI investigation. The area beneath the UST 
and associated piping will be included in this new sampling effort and analysis. 
Composite sampling is not appropriate for this new series of sampling and 
analyses. 

7.2.2 Decontamination and Removal of Surface Impoundment Liner and Sandbags 

Soil directly below the gunite liner will be sampled and analyzed prior to its 
removal. To sample the soil, several one-foot square sampling ports will be cut 
through the gunite liner, and soil immediately below the liner will be collected 
to a depth of six to eight inches. ("Soil" samples will include samples of tuff 
when encountered.) Samples will be analyzed for volatile and semivolatile 
organic compounds identified in Tables 2 and 3, PCBs identified in Table 4, and 
metals identified in Table 5 (using the TCLP test procedure or a total metals 
analysis) . All of the sampling ports will be closed and sealed immediately after 
sampling using a gunite or concrete patch material compatible with the original 
liner material so that no future potential fluid seepage (e.g., rainwater) can 
penetrate these sampling ports before the liner is removed. Detailed soil 
sampling procedures and the methodology used to establish a clean level for any 
contaminants found in the subsoil are described in Section 5.3. 

If analytical results demonstrate that contamination is associated with the 
gunite liner, the liner will be removed and managed as a hazardous waste. The 
gunite liner and all below-grade contaminated soils will be broken into sizes 
suitable for placement into DOT-approved containers. The containers will be 
placed in the 90-day-or-less accumulation area on or near the site and all 
procedures previously described in Section 5. 1. 2. will be followed. The 
containers will then be transferred to the TA-54, AreaL storage area until they 
can be treated at Laboratory facilities or disposed off-site at a RCRA-permitted 
facility. 

If analytical results of the soil sampled below the gunite liner demonstrate that 
no contamination is present, the liner surface will be decontaminated, using the 
following procedures, and managed as a nonhazardous waste. First, the liner will 
be rinsed using a high-pressure, hot-water sprayer to remove remaining residues. 
The rinsate and any commingled residues will be collected and disposed as 
hazardous waste. Then the liner will be scrubbed using a surfactant, such as 
Liquinox or Alconox, and rinsed with the high-pressure, hot-water sprayer. All 
rinsate will be collected and handled in the same manner as the waste liquids 
originally removed. The rinse/wash water, prior to use, and the rinsate will be 
sampled, analyzed and managed in the same manner as the other liquids. When 
decontamination is complete, the liner will then be broken, removed, and disposed 
in a nonhazardous waste landfill. 

As previously noted, sandbags were used to prevent overtopping of the surface 
impoundment. As part of the closure process, these sandbags will be drummed in 
DOT-approved containers and managed as hazardous waste in accordance with all 
applicable regulations. 

7.2.3 Decontamination and Removal of Associated Piping 

Following decontamination and removal of the liner and sandbags, the drain from 
the bermed storage pad will be disconnected from the pipe, capped, and the PVC 
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If it is not economical to remove all of the six-inch PVC 
be decontaminated in place. The remaining portions of 
will be sealed and filled with cement. In no event will 
place if it has not been completely decontaminated. 

The decontaminated underground storage tank's excavated piping will be disposed 
in a nonhazardous waste landfill along with the underground storage tank. In the 
event that the tank or piping cannot be decontaminated, these materials will be 
cut into smaller sizes and placed in DOT-approved containers. These will then 
be transported to an off-site RCRA-permitted TSD facility. 

7.3 SOIL REMOVAL, SAMPLING, ANALYSIS AND EVALUATION PLAN 

After the liner has been removed, and if samples underneath the liner indicate 
that contamination is present, additional sampling and analysis of the soil below 
the liner will be performed. The following sections present plans for further 
soil removal, determining the number and the location of samples to be collected 
and the procedures to be used for collection, storage, and preservation of 
samples. 

Following U.S. EPA guidance the Laboratory will document that no unacceptable 
levels of contamination remain at the site as a result of releases from the units 
undergoing closure pursuant to this plan. "Contamination" is here defined as 
concentrations of naturally occurring contaminants that exceed background 
concentrations and, for non-naturally occurring contaminants, concentrations that 
exceed health-based limits acceptable to NMED. 

As an initial screen, contaminated soil will be excavated if it exceeds the upper 
90 percent confidence interval established for background concentration levels 
for each of the metals found in the waste liquids and waste residues. Background 
composite soil samples will be used to compare metal levels at the TSL-85 site. 
Metals concentrations in samples collected from Sigma Mesa (Ferenbaugh et al., 
1990) will be used for the background samples. See Appendices A and B for these 
background levels. 

A second screen in the removal process will involve excavating, to the extent 
possible, soil that contains volatile and semivolatile organic compounds in 
concentrations greater than 1. 0 ppm. The 1. 0 ppm guideline is arbitrarily 
established as a level below which concentrations are unlikely to exceed health­
based levels. By using a field-screening technique rather than relying on time­
consuming laboratory analysis, removal of soil indicating contamination over the 
1.0 ppm level can expedite the clean-up process. For the Closure Certification 
Report Laboratory Analysis will be used to verify field screening procedure 
results. 

A six-stage approach to soil removal, sampling, and analysis is proposed. The 
results of each phase will be evaluated to determine whether the next phase is 
necessary to verify clean closure. The following outlines the Laboratory's plan 
for soil removal, sampling, and analysis. 

• Gunite Liner Decontamination Verification: Decontamination 
verification of the gunite liner will include sampling of soil 
immediately below the liner and disposal of the liner. Fourteen 
soil samples will be taken immediately below the gunite liner and 
analyzed for volatile and semivolatile organic constituents, PCBs, 
and metals. If the results of soil analyses indicate 
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contamination exceeds "clean levels," further soil sampling will 
be performed, as described in the following phases, and the gunite 
liner will be disposed as a hazardous waste. If the results of 
soil analyses indicate contamination meets "clean levels," no 
further sampling below the gunite liner will be performed, and the 
liner will be disposed as a nonhazardous waste. 

• Clean Closure Verification Phase 1-Soil Removal, Sampling, and Analysis: 
If necessary, further clean closure verification sampling will be 
conducted after the surface impoundment liner and any contaminated 
soil located immediately below the liner have been removed. A 48-
foot long by 32-foot wide grid will be centered over a diagram of 
the excavated impoundment location (Figure 11) . This grid will 
consist of 384 individual two-foot square sampling locations, as 
seen in Figure 5-1. Approximately 24 sampling locations will be 
randomly selected in accordance with Test Methods for Evaluating 
Solid Wastes, EPA SW-846 (SW-846). Soil samples will be collected 
from these locations at a depth of approximately six inches below 
grade of the excavated impoundment area. The samples will be 
analyzed for volatile and semivolatile organic compounds (Tables 
2 and 3), PCBs in Table 4, and metals identified in Table 5. 

will be compared to 
1. 0 ppm guideline 
Further excavation, 

If contaminants remain, their concentrations 
background metals concentrations and the 
established for volatiles and semivolatiles. 
sampling and analysis will be based 
concentrations remaining in the soil. 

on the contaminant 

• Clean Closure Verification Phase 2-Corehole Drilling, Sampling, 
and Analysis: If sampling and analytical results from Phase I are 
not adequate to verify clean closure, core samples will be 
collected to determine the vertical extent of any remaining 
contamination. Three test holes will be drilled within the 
surface impoundment boundaries to approximately 45-50 feet below 
ground surface. Five to ten samples will be collected from each 
test hole at selected intervals, based on actual field and 
drilling conditions. These soil samples will be collected and 
analyzed for final clean closure verification. 

• Clean Closure Verification Phase 3-Soil, Sampling and Analysis 
Below the UST and Lines: To verify decontamination of the soil 
below the UST and lines, approximately twelve locations will be 
sampled and analyzed for volatile and semivolatile organic 
compounds, PCBs, and metals. 

• Clean Closure Verification Phase 4-Soil Sampling and Analysis 
Along Canyon Spill Path Routes: To verify that contamination above 
clean levels has not migrated along spill path routes into 
Mortandad Canyon, approximately eleven samples will be collected 
downgradient of the surface impoundment into Mortandad Canyon 
along spill path routes. The samples will be spaced approximately 
ten to fifteen feet apart, and collected at a depth of 
approximately six inches below the level of the removed 
contaminated material .. The soil samples will be analyzed for 
volatile and semivolatile organic constituents, PCBs, and metals. 
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• Clean Closure Verification Phase 5-Corehole Drilling, Sampling, 
and Analysis: Because of the anticipated high levels of total 
petroleum hydrocarbons in the soil around the TSL-85 site, an 
additional investigative phase may be necessary. If sampling and 
analytical results from Phase 1 and 2 are not adequate to verify 
clean closure in the area of the impoundment, additional coreholes 
will be drilled. Soil samples from the additional coreholes will 
be collected at five-foot intervals to approximately 45 feet. The 
soil samples will be analyzed for volatile and semi volatile 
organic constituents, and petroleum hydrocarbons. 

All samples will be collected, stored, and preserved in accordance with protocols 
described in Section 5.5. Surface and subsurface soil samples will be analyzed 
for volatile and semivolatile organic compounds (Tables 2 and 3), PCBs in Table 
4, and metals listed in Table 5. If soil remains that contains volatile and 
semi volatile organic compounds, PCBs, or metals, a risk assessment will be 
performed to determine if these constituent concentrations are below levels 
posing a threat to human health and the environment. If the risk assessment 
demonstrates that contaminants in the remaining soil pose no threat to human 
health or the environment, then the soil will be left in place. If the risk 
assessment determines that unacceptable levels of constituents remain in the 
soil, the soil will be excavated and removed to "clean level" concentrations. 

When performed, the risk assessment will be conducted in accordance with U.S. EPA 
guidance documents (Appendix C) and will compare modeled exposure levels at the 
site to U.S. EPA-recommended limits or factors. These limits or factors include, 
at present, health-based limits calculated from verified reference doses (RFDs), 
carcinogenic potency factors (CPFs), and site-specific U.S. EPA-approved public 
health advisories. The exposure limits recommended by U.S. EPA are considered 
protective of human health and the environment. 

It should be noted that, prior to performing the risk assessment, if the extent 
of contamination at the site is found to be minor and not extensive, then all 
soils within the contaminated area will be removed to the upper 90 percent 
confidence interval for background concentrations for total metals and to SW-846 
analytical detection limits for volatile and semivolatile organic compounds and 
PCBs in soils. This extremely conservative approach would negate the need to 
perform a risk assessment and would expedite the closure process by eliminating 
the risk assessment step. If the volume of soil subject to removal significantly 
impacts the stability of the existing slopes, the risk assessment will be 
performed so that the most acceptable environmental impact can be determined. 

7.4 GROUND WATER INVESTIGATION PLAN 

A certified ground water monitoring waiver application meeting the requirements 
of 40 CFR §265.90 is maintained at the facility. This waiver application which 
is available for inspection, precludes the need for ground water monitoring in 
connection with closure of the TA-35 TSL-85 surface impoundment. Should the 
Ground Water Monitoring Waiver be denied or in the unlikely event that ground 
water is encountered during installation of any test hole drilled in connection 
with this plan, an approved ground water monitoring plan outlined in Appendix D 
will be implemented before Closure Certification is approved by NMED. 
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The following sections define procedures and methods for sampling, analysis, and 
documentation applicable to this closure plan. 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 method to 
be more appropriate. 

Adequate preparation ensures that proper sampling is accomplished. The sample 
collection personnel will be instructed to heed the following precautions: 

• Do not smoke, eat, or handle any objects not necessary for sampling while 
performing sampling procedures. 

• Do not sample downwind of any potential volatile organic compound sources 
such as car exhausts, open fuel tanks, etc. These could result in 
contamination of the sample. If any such sources are unavoidable, make 
a note of them in the field logbook. 

• Leave caps on the sample containers until just before filling. 

• Avoid handling the teflon bottle cap liners. Do not use any liner which 
falls out of the cap and onto the ground. 

• Gloves should be worn when taking samples and when handling bottles, 
especially those with added preservative. 

7.5.1 Waste Liquid and Rinsate Sampling Procedures 

A COLIWASA sampler or similar device will be used to sample liquids in the 
surface impoundment and rinsate from the liner and equipment cleaning. The 
recommended model of the COLIWASA is shown in Figure 12. As an alternative to 
the COLIWASA, disposable COLIWASAs, or glass tubes may be used to sample liquids. 
The primary advantage in utilizing a disposable COLIWASA is that the COLIWASA 
will be disposed as hazardous waste after each sample is collected, thus 
eliminating the potential for cross-contamination. 

Sampler Preparation 

The COLIWASA sampler will be cleaned before each use. The sampler will be washed 
with a warm detergent solution (Liquinox 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 quickly cleaned. Clean COLIWASA samplers will be stored in 
polyethylene plastic tubes or bags in a clean and protected area until they are 
used. 

Sampling Procedures 

• Assemble the clean glass COLIWASA sampler or disposable COLIWASA. 

• Wear necessary protective clothing and gear and observe required sampling 
precautions. 
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• 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 disposable 
cloth with the other hand. 

• 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, record in the field 
logbook, and complete the sample analysis request sheet and chain-of­
custody record (Section 5.4.3) 

7.5.2 Soil Sampling Procedures 

Soil sampled from the surface to five-foot depths will be collected with a 
trowel, scoop, or hand-held bucket auger. To sample below five-foot depths, 
samples will be collected using a drilling rig with continuous flight hollow stem 
augers and split-barrel dry core samplers and/or split-spoon samplers. Only 
clean sampling equipment will be used for soil sampling. All samples will be 
collected in U.S. EPA-approved containers and preserved in accordance with U.S. 
EPA methods (Table 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, attach a label, record in field logbook, and complete 
the sample analysis request sheet and chain-of-custody record (Section 
5. 4. 3). 

Split-Barrel Sampler 

• Assemble the clean split-barrel sampler to the drill rod. 

• Continuously core (split-barrel sampler) to desired depth. 

• Withdraw the drill rod from the auger string and retrieve the split­
barrel sampler. 

• Store the core sample in an appropriate sample container and pack in an 
insulated container with ice. 

• Label the sample, affix the seals, record in the field logbook, complete 
sample analysis request sheet and chain-of-custody record, and deliver 
the samples to the laboratory for analysis (Section 5.4.3). 

Cleaning of Downhole Drilling Tools 

All downhole drilling tools (augers, drill rods, etc.) will be steam cleaned or 
high-pressure, hot-water washed after completion of each test hole. The split­
barrel sampler will be cleaned after each location or depth interval is sampled. 
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Drill cuttings and wash fluids will be separately collected in DOT-approved steel 
drums and containers, and analyzed to determine a proper disposal protocol. 

Hazard Protection 

Personnel involved with sampling, liquid removal, and residue removal from the 
surface impoundment and associated structures will use proper protective clothing 
and equipment. The Laboratory's Industrial Hygiene Group (HS-5) will be respon­
sible for assessing hazards and determining protective clothing requirements. 

7.5.3 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 and shall 
include, if applicable, the grid number referenced to positions staked on the 
site perimeter. The "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, how­
ever, is to record sufficient information so that someone can reconstruct the 
sampling situation without relying on the collector's memory. 

The sample shipment and chain-of-custody record will be accompanied by a sample 
analysis request sheet (Figure 13) similar to Figure 5-4. 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 include most of the pertinent 
information noted in the logbook. The laboratory portion is intended to be 
completed by the laboratory personnel when the sample is received. 

7.5.4 Sample Analysis 

All analyses, quality assurance, and quality control 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 Tables 2 through 5. 

7.6 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 
5. 5. The samples will be analyzed for volatile and semi volatile organic 
compounds, PCBs, and metals for which there are TCLP standards to determine if 
background concentrations of hazardous constituents are present in the equipment 
prior to use. After use, all equipment used in sampling and removal of liquids 
and residues that is not dedicated to handling hazardous wastes will be scraped 
and brushed to remove any residue and then washed, rinsed and steam cleaned. Any 
nondedicated pumps will be decontaminated by pumping soap and water through the 
instrument. Any equipment that cannot be decontaminated will be disposed as a 
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hazardous waste. The residue collected will be placed in DOT-approved drums for 
treatment or disposal. Wash water, prior to use, and rinsate will be collected 
and handled in the same manner as rinsate generated from decontamination of the 
surface impoundment and tank. Representative samples of the final rinsate will 
be collected and analyzed as described above. Protective clothing will be 
collected and disposed as hazardous waste and shipped off-site to a RCRA­
permitted facility. 

After use, all equipment normally dedicated to handling hazardous wastes and used 
during the closure process will be scraped and brushed to remove residues and 
then returned to EM-7 for routine decontamination and maintenance. The residues 
will be managed as described above. 
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8.1 CLOSURE SCHEDULE 

If the preparation of documentation to establish alternative concentration limits 
is necessitated by really extensive contamination, the closure will require more 
than 180 days to complete an extension to the 180-day time limit will be 
requested in accordance with Pt. VI, sec. 265.112(c). The following events will 
be completed on or before the time indicated below: 

TIME (day) ACTIVITY 

0 Closure Plan approved, closure initiated 

+15 Remove fluids and residue from surface impoundment, trough, and 
piping; decontaminate surface impoundment and ancillary 
structures 

+75 Collection of soil samples 

+135 

+150 

+160 

+175 

+210 

+220 

Removal of contaminated soil (if necessary) 

Further soil removal, sampling, test hole drilling, 
and chemical analysis, as necessary 

Completion of risk assessment to establish exposure limits, if 
necessary 

Removal of additional soil, as appropriate 

Backfill, regrade and establish vegetative cover 

Certification completed. 

The excavation will be filled with clean indigenous soil, and compacted and 
regraded to its original contour. Selection and application of soil additives, 
such as fertilizers, and seed mixtures will follow U.S. Forest Service 
recommendations. The site will be watered sufficiently to establish seedlings. 
If weather conditions at the time of final closure activities do not allow for 
planting, an extension to this closure schedule will be sought to allow 
completion of this step as soon as practicable after the last freeze of the 
season. If any other circumstances require an additional extension, a letter 
explaining the need for the extension and including a revised schedule will be 
provided to NMED. 

8.2 MODIFICATIONS TO THE CLOSURE PLAN 

Once the closure plan is approved, if it becomes necessary for the Laboratory to 
amend the plan, procedures outlined in 40 CFR §265 .112 (c) (1), (2) will be 
followed. 

8.3 FINAL REPORT 

The final report, will be submitted within 180 days of the approval of this 
closure plan when all closure activities are completed. A final report contains 
the following information at a minimum: 
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a. A QA/QC summary on the adequacy of the analyses and the 
decontamination demonstration. 

b. A copy of the file of supporting documentation such as laboratory sample 
analysis reports, QA/QC documentation, and chain of custody records. 

c. Disposal location of all hazardous wastes and hazardous waste residues. 

d. A narrative summary of all testing performed during closure activities. 

e. The details of any variance from the approved closure plan and the 
reason for the variance. 

8.4 CLOSURE CERTIFICATION 

An independent registered professional engineer and the owner of the facility 
shall certify the closure and confirm that the closure activities follow this 
closure plan. Upon completion of closure, the engineer and the U.S. Department 
of Energy (DOE) shall prepare a letter, or letters, certifying that the area has 
been closed in accordance with this closure plan under the provisions of 40 CFR 
§ 265.115. The letter(s) shall be dated and signed by each party and stamped by 
the registered engineer, and the original copy(s) submitted by the DOE to the 
Secretary of the NMED within 60 days of closure completion. One set of copies 
shall be maintained at the DOE offices and one set maintained by the Laboratory 
Environmental Surveillance Group (EM-8) . 

8.5 CONTINGENT CLOSURE AND POST-CLOSURE CARE PLANS 

8.5.1 Contingent Closure Plan 

The existence of the Underground Storage Tank as part of the system undergoing 
closure requires that additional closure regulations be addressed. Specifically, 
these regulations, set forth in 40 CFR §265 .197, require that a contingent 
closure plan be provided for tanks without a secondary containment system. The 
contingent closure plan must describe closure activities that will be implemented 
in the event the tank has leaked and all contaminated soils cannot be removed. 
Under such circumstances, the tank and tank system will be considered a landfill 
and must meet all closure requirements applicable to landfills. This precludes 
clean closure option due to the release and lack of regulatory provisions for the 
clean closure of landfills. 

At this time, it is believed that the Underground Storage Tank has never leaked. 
When the Underground Storage Tank was first discovered, it was filled with a 
water-based fluid. Since the contents could not be immediately removed, they 
remained in place for several weeks. At the end of that time, the original fluid 
level had not changed. There is no documentation of the amount of fluids that 
may have been added to the Underground Storage Tank during this several week 
period. Therefore a complete sampling and analysis of the contents and 
surrounding soils is required to determine if the contents is/was hazardous or 
any leakage occurred. 

If any potential contaminated soils associated with the tank cannot be removed 
to the residential standard clean levels established by the results of the risk 
assessment, the tank and associated equipment will be closed as a landfill. A 
cover will be designed and constructed to minimize the migration of liquids 
through the unit; to function with minimum maintenance; to promote drainage and 
minimize erosion or abrasion of the cover; to accommodate settling and subsidence 
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so that the cover's integrity is maintained; and to have a permeability less than 
or equal to the permeability of the natural subsoils present. A berm will be 
constructed to prevent run-on and run-off from eroding or otherwise damaging the 
final cover. The cover will be maintained and repaired as necessary to correct 
the effects of settling, subsidence, erosion, or other events. 

Should closure as a landfill be necessary, a revised closure plan will be 
submitted that defines an appropriate cap and ground water monitoring system for 
this site. A revised closure plan is required because there is no regulatory 
provision for clean closure of a landfill. The ground water monitoring system 
will be installed and a Post Closure Care Permit Application submitted as part 
of the revised closure plan to NMED. Part of the revised closure plan will be 
a revised schedule of closure completion milestones including dates for 
instillation of ground water monitoring wells. Any other delays in response to 
release investigation will be explained in detail and accompany the new closure 
schedule. 

8.5.2 Post-Closure Care Plan 

Because the Laboratory intends to perform a clean closure under interim status 
requirements, a detailed post-closure care plan is not required at this time. 
Should the Laboratory be unable to perform a clean closure, a detailed post­
closure care plan will be submitted to NMED, pursuant to 40 CFR §265.112. The 
revised plan will provide the following: 

a. A description of final cover placement, i.e. a multimedia cap 
designed and constructed in accordance with RCRA landfill requirements 

b. A description of planned monitoring, maintenance and inspection 
activities and the frequencies at which they will be performed to 
ensure containment system integrity. 

c. The name, address, and phone number of the person or office to contact 
about the facility during the post-closure care period 

d. Any additional information regarding the facility or planned activities 
for the facility that may be required to address post-closure care. 
This may include but may not be limited to information regarding 
post-closure notices and documentation, deed and access restrictions, 
signs and security, etc. 

8.6 NOTIFICATION IN DEED TO PROPERTY 

This section is not applicable because a closure by removal exempts the 
impoundment per 40 CFR § 228(a) (1). 

8.7 CLOSURE AND POST-CLOSURE CARE COST ESTIMATES 

This section is not applicable because federal facilities are exempt from this 
section per 40 CFR §265.140(c). In addition, the Laboratory intends to perform 
a clean closure, precluding the need for post-closure care. 

8.8 FINANCIAL ASSURANCE MECHANISMS FOR CLOSURE AND POST-CLOSURE CARE 

This section is not applicable because federal facilities are exempt from this 
section per 40 CFR §265.140(c). 
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This section is not applicable because federal facilities are exempt from this 
section per 40 CFR §265.140(c). 
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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 14, will commence upon 
receipt of a notice of approval of this Amended Closure Plan from NMED; the dates 
shown in Figure 14 assumed that NMED will approve the amendment by the end of 
March 1994. Significant milestones include the initiation of field activities 
(4/1/94), 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 14 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 (4/1/94), completion of field activities (4/28/94), and submittal of 
an amended closure certification report and certification documentation 
(1/31/95). 

NMED considers 180 days from the closure plan approval to the submittal of the 
Closure Certification Report and Engineer's Certification more than sufficient. 
This is based on the history of this closure plan application and the amount of 
work done at risk by LANL prior to approval. A finalized Closure Certification 
Report will include all lab data and a detailed explanation of the QA/QC methods 
of the certified laboratory doing the analysis. NMED will not accept laboratory 
data "validated/verified" by any source other than the certified laboratory's 
(that performed the analysis) own QA/QC program. The 180 days is more than 
adequate for the completion of any new sampling and analysis to verify closure 
standards and/or develop a ground water monitoring system and post closure care 
permit application for review. 

9-1 



10.0 REFERENCES 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Benchmark Environmental Corporation, 1991a, "Closure Certification Report, TA-35 
TSL-85 Surface Impoundment," prepared for Los Alamos National Laboratory, Los 
Alamos, New Mexico. 

Benchmark Environmental Corporation, 1991b, "Interim Status Closure Plan, 
Technical Area 35 TSL-85 Surface Impoundment, Los Alamos National Laboratory, Los 
Alamos, New Mexico," Rev. 3, Los Alamos National Laboratory, Los Alamos, New 
Mexico. 

EPA, see U.S. Environmental Protection Agency. 

Ferenbaugh, R.W., E.S. Gladney, G.H. Brooks, Jr., 1990, "Sigma Mesa: Background 
Elemental Concentrations in Soil and Vegetation, 1979", LA-11941-MS, Los Alamos 
National Laboratory, Los Alamos, New Mexico. 

IT Corporation (IT), 1992, "RFI Work Plan for Operable Unit 1129," LA-UR-92-800, 
prepared for Los Alamos National Laboratory, Los Alamos, New Mexico. 

IT Corporation (IT), 1991, "Waste Stream Characterization Report, Technical Area 
35," prepared for Los Alamos National Laboratory, Los Alamos, New Mexico. 

LANL, see Los Alamos National Laboratory. 

Longmire, P., C. Duffy, S. Reneau, 1993, "Preliminary Background Elemental 
Concentrations in Bandelier Tuff and Selected Soil Series, 1993", in progress, 
Los Alamos National Laboratory, Los Alamos, New Mexico. 

Los Alamos National Laboratory (LANL), 1993, "Amendment to the Final Closure 
Plan, TA-40 Scrap Detonation Site," Los Alamos National Laboratory, Los Alamos, 
New Mexico. 

Los Alamos National Laboratory (LANL), 1990, "Structure Location Map, TA-35 Ten 
Site," ENG-R5117, Los Alamos National Laboratory, Los Alamos, New Mexico. 

Los Alamos National Laboratory (LANL) , 1975, "Structure Location Plan, TA-35, Ten 
Site," ENGR-2461 and ENGR-2462, Los Alamos National Laboratory, Los Alamos, New 
Mexico. 

Mcinroy, D.J., personal communication to Mary Lou Leonard, September 30, 1991. 

McLin, S., Los Alamos National Laboratory, 1990, "Report for RCRA Surface 
Impoundment Closures," personal communication, Los Alamos National Laboratory, 
Los Alamos, New Mexico. 

NMED, see New Mexico Environment Department. 

New Mexico Environment Department (NMED), 1993, "TA-35 TSL-85 Surface 
Impoundment: Denial of Clean Closure Equivalency Demonstration and Disapproval 
of Closure Plan," letter from Kathleen Sisneros (NMED) to Jerry Bellows 
(Department of Energy Los Alamos Area Office), June 21, 1993. 

Roy F. Weston Inc., 1989, "Site Database, Task 7, TA-35," prepared for U.S. 
Department of Energy, Albuquerque Operations Office, Albuquerque, New Mexico. 

Umphres, J.D., personal communication to Mary Lou Leonard, October 1, 1990. 

10-1 



Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

U.S. Environmental Protection Agency (EPA), 1992a, Code of Federal Regulations, 
Title 40, Parts 260 to 299 (40 CFR 260-299) 

U.S. Environmental Protection Agency (EPA), 1992b, "Test Methods for Evaluating 
Solid Waste, Physical/Chemical Methods, Laboratory Manual," EPA-SW-846, U.S. 
Government Printing Office, Washington, D.C. 

U.S. Environmental Protection Agency (EPA), 1989, "Risk Assessment Guidance for 
Superfund, Volume I, Human Health Evaluation Manual, (Part A)," EPA/540/1-89/002, 
U.S. Environmental Protection Agency, Office of Emergency and Remedial Response, 
Washington, D.C. 

U.S. Government Printing Office, 1990, "Corrective Action for Solid Waste 
Management Units (SWMUs) at Hazardous Waste Management Facilities," Federal 
Register, Volume 55, No. 145, July 27, 1990, Proposed Rules. 
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Table 1 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Modified March 31, 1995 

Soil Sample Containers and Preservatives 

Container Container 
Constituent Tvoe Size Preservative 

Volatile Organic Glass, silica/teflon (2) 40 mla Cool to 4aCb 
Compounds Septa 

Semi volatile Glass, silica/teflon 250 mla Cool to 4acb 
Organic Compounds Septa 

Metals Glass, silica/teflon 250 ml a Cool to 4aCb 
Compounds Septa 

Units are in milliliters. 
b "aC" refers to degrees Celsius. 
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a 

b 

c 

Table 2 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

EM-9'sa Volatile Organic Compound 
Analytical Capabilities by SW-846b Method 8260 

Acetone 
Acetonitrile 
Acrolein 
Acrylonitrile 
Allyl chloride 
Benzene 
Bromoform 
Carbon disulfide 
Carbon tetrachloride 
Chlorinated ethane, Nose 
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 
Freon 
4-Isopropyltoluene 
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-Trichloroethane 
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." 
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Table 3 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

EM-9'sa Semivolatile Organic Compound 
Analytical Capabilities by SW-846b 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 
Indeno{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-846" refers to "Test Methods for Evaluating Solid Waste" (U.S. 
Environmental Protection Agency, 1992). 
"NOS" is defined as "not otherwise specified." 
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Table 4 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Modified March 31, 1995 

EM-9'sa Pesticide and Herbicide Analytical Capabilities 
by SW-846b Methods 8080/8150 

8080 

Aldrin 
Chlordane 
DDD 
DDE 
DDT 
Dieldrin 
Endosulfan I and II 
Endrin 
Endrin metabolites 
Heptachlor 
Heptachlor epoxide 
Heptachlor epoxide a,b,g 
isomers 
Lindane 
Methoxychlor 
Polychlorinated biphenyls 
Toxaphene 

8150 

2,4-D 
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) . 
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Table 5 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

EM-9'sa Metal Analytical Capabilities 
by SW-846b Methods 6000/7000 

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 compounds, 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." 
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Table 6 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Acetone 
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 
Benzyl chloride 
Beryllium 
Beryllium compounds, NOS 

EM-9 Analytical 
Capabilities 

Acetonitrile 

Acrolein 

Acrylonitrile 

Aldrin 

Allyl chloride 

Aniline 
Antimony 
Antimony compounds, NOS 

Arsenic 
Arsenic compounds, NOS 
Arsenic acid 
Arsenic pent oxide 
Arsenic trioxide 

Barium 
Barium compounds, NOS 
Barium cyanide 

Benz(a)anthracene 

Benzene 

Benzidine 
Benzo(b)fluoranthene 

Benzo(a)pyrene 

Beryllium 
Beryllium compounds, NOS 

See footnotes at end of table. 
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SW-846 
Method 

8260 
8260 
8270 
8270 

8270 
8260 

8260 

8080 

8260 

8270 

8270 
6000/7000 
6000/7000 

8270 
6000/7000 
6000/7000 
6000/7000 
6000/7000 
6000/7000 

6000/7000 
6000/7000 
6000/7000 

8270 

8260 

8270 
8270 

8270 

6000/7000 
6000/7000 



Table 6 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

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 
Copper cyanide 
Creosote 
Cresols, NOS 
Crotonaldehyde 
Cyanides, NOS 
Cyanogen 
Cyanogen bromide 

EM-9 Analytical 
Capabilities 

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 

Cresols, NOS 

See footnotes at end of table. 
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SW-846 
Method 

8260 
8270 

8270 

6000/7000 
6000/7000 
6000/7000 
6000/7000 

8260 

8260 

8080 

8260 

8270 

8270 
8260 
8270 
8270 
8260 
8260 

8270 
8270 

6000/7000 
6000/7000 

8270 

8270 
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Table 6 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Cyanogen chloride 
Cycasin 
2-Cyclohexyl-2,6-dinitrophenol 
Cyclophosphamide 
2,4-D 
2,4-D salts and esters 
Daunomycin 
DDD 
DDE 
DDT 
Dial late 
Dibenz(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 
a-Dichlorobenzene 
m-Dichlorobenzene 
p-Dichlorobenzene 
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-Dichlorophenol 
Dichlorophenylarsine 
Dichloropropane, NOS 
Dichloropropanol, NOS 
Dichloropropene, NOS 
1,3-Dichloropropene 
Dieldrin 
1,2,3,4-Diepoxybutane 
Diethylarsine 
1,4-Diethyleneoxide 

EM-9 Analytical 
Capabilities 

2,4-D 
2,4-D salts and esters 

DDD 
DDE 
DDT 

Dibenz(a,h)anthracene 

1,2-Dibromo-3-chloropropane 
Dibutyl phthalate 
a-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 

Dichloropropane, NOS 

Dichloropropene, NOS 
1,3-Dichloropropene 
Dieldrin 

Diethylhexylphthalate Diethylhexylphthalate 
N,N-Diethyl hydrazine 
0,0-Diethyl s-methyl dithiophosphate 

See footnotes at end of table. 
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8080 
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8270 
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8270 



Table 6 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9's0 Analytical Capabilities 

Appendix VIII 

Diethyl-p-nitrophenyl phosphate 
Diethyl phthalate 
0,0-Diethyl o-pyrazinyl 

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

EM-9 Analytical 
Capabilities 

Diethyl phthalate 

2,4-Dimethylphenol 
Dimethyl phthalate 

4,6-Dinitro-o-cresol 

2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Dinoseb 
Di-n-cetyl phthalate 

Endosulfan I and II 

Endrin 
Endrin metabolites 

See footnotes at end of table. 
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8270 

8270 

8270 
8270 
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8270 

8270 
8270 
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8150 
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8270 

8270 
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8080 
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Table 6 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Ethylenethiourea 
Ethylidene dichloride 
Ethyl methacrylate 
Ethyl methanesulfonate 
Famphur 
Fluoranthene 
Fluorine 
Fluoroacetamide 
Fluoroacetic acid sodium salt 
Formaldehyde 
Formic acid 
Freon 
Glycidyaldehyde 
Halomethanes, NOS 
Heptachlor 
Heptachlor epoxide 
Heptachlor epoxide a,b,g isomers 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachlorodibenzo-p-dioxin 
Hexachlorodibenzofurans 
Hexachloroethane 
Hexachlorophene 
Hexachloropropene 
Hexaethyl tetraphosphate 
Hydrazine 
Hydrogen cyanide 
Hydrogen fluoride 
Hydrogen sulfide 
Indeno{1,2,3-cd}pyrene 
Isobutyl alcohol 
Isodrin 
Isopropyl toluene 
Isosafrole 
Kepone 
Lasiocaprine 
Lead 
Lead compounds, NOS 
Lead acetate 
Lead phosphate 
Lead subacetate 
Lindane 
Maleic anhydride 
Maleic hydrazide 
Malononitrile 
Melphalan 
Mercury 

EM-9 Analytical 
Capabilities 

Ethyl methacrylate 

Fluoranthene 

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

Hexachloroethane 

Indeno{1,2,3-cd}pyrene 
Isobutyl alcohol 

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

Mercury 

See footnotes at end of table. 
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8260 
8270 
8270 
8270 

8260 
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Table 6 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9's0 Analytical Capabilities 

Appendix VIII 

Mercury compounds, NOS 
Mercury fulminate 
Methyacrylonitrile 
Methapyrilene 
Methomyl 
Methoxychlor 
Methyl bromide 
Methyl chloride 
Methyl chlorocarbonate 
Methyl chloroform 
Methyl cholanthrene 
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 
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 

EM-9 Analytical 
Capabilities 

Methyacrylonitrile 

Methoxychlor 
Methyl bromide 
Methyl chloride 

Methyl chloroform 

Methylene bromide 
Methylene chloride 
Methyl ethyl ketone 

Methyl iodide 

Methylacrylonitrile 

Naphthalene 

Nickel 
Nickel compounds, NOS 

Nickel cyanide 

Nitric oxide 
p-Nitroaniline 
Nitrobenzene 

See footnotes at end of table. 
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Table 6 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

EM-9 AnalyticalSW-846 
Appendix VIIICapabilitiesMethod 

Nitroglycerin 
p-Nitrophenolp-Nitrophenol8270 
2-Nitropropane 
Nitrosoamines, NOS8270 
N-Nitrosodi-n-butylamine8270 
N-Nitrosodiethanolamine 
N-Nitrosodiethylamine8270 
N-NitrosodimethylamineN-Nitrosodimethylamine8270 
N-Nitroso-n-ethylurea 
N-Nitrosomethylethylamine8270 
N-Nitroso-n-methylurea 
N-Nitroso-n-methylurethane 
N-Nitrosomethylvinylamine 
N-Nitrosomorpholine8270 
N-Nitrosonomicotine 
N-Nitrosopiperidine8270 
N-Nitrosopyrrolidine8270 
N-Nitrososarcosine 
5-Nitro-o-toluidine8270 
Octamethylpyrophosphoramide8270 
Osmium tetroxide 
Paraldehyde 
Parathion8270 
Pentachlorobenzene8270 
Pentachlorodibenzo-p-dioxins8280 
Pentachlorodisbezofurans8280 
Pentachloroethane8260/8270 
Pentachloronitrobenzene8270 
PentachlorophenolPentachlorophenol8270 
Phenacetin8270 
PhenolPhenol8270 
Phenylenediamine8270 
Phenylmercury acetate 
Phenylthlourea 
Phosgene 
Phosphine 
Phorate8270 
Phthalic acid esters, NOSPhthalic acid esters, NOS8270 
Phthalic anhydride8270 
2-Picoline8270 
Polychlorinated biphenyls, NOSPolychlorinated biphenyls, NOS8080 
Potassium cyanide 
Potassium silver cyanide 
Pronamide8270 
1,3-Propane sulfone 
n-Propylamine 
Propargyl alcohol 
Propylene dichloride 

See footnotes at end of table. 
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Table 6 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

1,2-Propyleneimine 
Propylthiouracil 
Pyridine 
Reserpine 
Resorcinal 
Saccharin 
Saccharin salts 
Safrole 
Selenium compounds, NOS 
Selenium dioxide 
Selenium sulfide 
Selenourea 
Silver 
Silver compounds, NOS 
Silver cyanide 
Silver (2,4,5-tp) 
Sodium cyanide 
Streptozotocin 
Strychnine 
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 

EM-9 Analytical 
Capabilities 

Selenium compounds, NOS 
Selenium dioxide 
Selenium sulfide 

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

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 

~.. See footnotes at end of table. 
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6000/7000 
6000/7000 
6000/7000 

8150 

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 
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Table 6 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Thiram 
Toluene 
Toluenediamine 
Toluene-2,4-diamine 
Toluene-2,6-diamine 
Toluene-3,4-diamine 
Toluene diisocyanate 
a-Toluidine 
a-Toluidine hydrochloride 
p-Toluidine 
Toxaphene 
1,2,4-Trichlorobenzene 
1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethylene 
Trichloromethanethiol 

EM-9 Analytical 
Capabilities 

Toluene 

Toxaphene 
1,2,4-Trichlorobenzene 

1,1,2-Trichloroethane 
Trichloroethylene 

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

Vinyl chloride 

SW-846 
Method 

8260 

8270 

8080 
8270 
8260 
8260 
8260 

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-846" 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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Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods 
Indicating Analytes Beyond EM-9's0 Analytical Capabilities 

Appendix VIII 
Acetone 
Acetophenone 
2-Acetaminefluorene 
Acetyl chloride 
1-Acetyl-2-thiorurea 
Acrylamide 
Aflatoxins 
Aldicarb 
Allyl alcohol 
Aluminum phosphide 
4-Aminobiphenyl 
5-(Aminomethyl)-3-isooxazolol 
4-Aminopyridine 
Amitrole 
Ammonium vanadate 
Aramite 
Auramine 
Azaserine 
Benz(c)acridine 
Benzal chloride 
Benzenearsonic acid 
Benzo(j)fluoranthene 
p-Benzoquinone 
Benzotrichloride 
Benzyl chloride 
Bromoacetone 
Bricine 
Cacodylic acid 
Carbon oxyfluoride 
Chloral 
Chlordane (a and g isomers) 
Chlorinated benzenes, NOS 
Chlorinated fluorocarbons, NOS 
Chlorinated phenol, NOS 
Chlornaphazin 
Chloroacetaldehyde 
Chloroalkyl ethers, NOS 
Chlorobenzilate 
Chloromethyl methyl ether 
1-(o-Chlorophenyl)thiourea 
Chloroprene 
3-Chloropropionitrile 
Citrus red No. 2 
Coal tar creosote 
Copper cyanide 
Creosote 
Crotonaldehyde 
Cyanides, NOS 
Cyanogen 
Cyanogen bromide 

EM-9 Analytical 
Capabilities 

See footnotes at the end of this Table. 
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Method 

8260 
8270 
8270 

8270 

8270 

8270 

8270 
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Los Alamos National Laboratory 
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Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 
EM-9 Analytical 

Capabilities 

Cyanogen chloride 
Cycasin 
2-Cyclohexyl-2,6-dinitrophenol 
Cyclophosphamide 
Daunomycin 
Dial late 
Dibenz(a,h)acridine 
Dibenz(a,j)acridine 
Dibenzo carbazole 
Dibenzo(a,e)pyrene 
Dibenzo(a,h)pyrene 
Dibenzo(a,i)pyrene 
Dichloroethyl ether 
Dichloroisopropyl ether 
Dichloromethoxy ethane 
Dichloromethyl ether 
2,6-Dichlorophenol 
Dichlorophenylarsine 
Dichloropropanol, NOS 
1,2,3,4-Diepoxybutane 
Diethylarsine 
1,4-Diethyleneoxide 
N,N-Diethyl hydrazine 
0,0-Diethyl s-methyl dithiophosphate 
Diethyl-p-nitrophenyl phosphate 
0,0-Diethyl o-pyrazinyl 

phosphorothioate 
Diethylstilbesterol 
Dihydrosafrole 
Diisopropylfluorophosphate 
Dimethoate 
3,3'-Dimethoxybenzidine 
p-Dimethylaminoazobenzene 
7,12-Dimethylbenz(a)anthracene 
3,3'-Dimethylbenzidine 
Dimethylcarbamoyl chloride 
1,1-Dimethyl hydrazine 
1,2-Dimethyl hydrazine 
a,a-Dimethylphenethylamine 
Dimethyl sulfate 
Dinitrobenzene, NOS 
4,6-Dinitro-o-cresol salts 
Diphenylamine 
1,2-Diphenylhydrazine 
Di-n-propyinitrosamine 
Disulfoton 
Dithiobiuret 
Endothall 
Epichlorohydrin 

See footnotes at the end of this Table. 
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SW-846 
Method 

8270 

8270 

8270 

8270 

8270 
8270 
8270 

8270 

8270 

8270 
8270 

8270 
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Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9's 0 Analytical Capabilities 

Appendix VIII 

Epinephrine 
Ethyl carbamate 
Ethyl cyanide 
Ethylenebisdithiocarbamic acid 
Ethylenebisdithiocarbamic acid, 

salts and esters 
Ethylene dibromide 
Ethylene dichloride 
Ethylene glycol monoethyl ether 
Ethylene imine 
Ethylene oxide 
Ethylene thiourea 
Ethylidene dichloride 
Ethyl methanesulfonate 
Famphur 
Fluorine 
Fluoroacetamide 
Fluoroacetic acid sodium salt 
Formaldehyde 
Formic acid 
Freon 
Glycidyaldehyde 
Halomethanes, NOS 
Hexachlorodibenzo-p-dioxin 
Hexachlorodibenzofurans 
Hexachlorophene 
Hexachloropropene 
Hexaethyl tetraphosphate 
Hydrazine 
Hydrogen cyanide 
Hydrogen fluoride 
Hydrogen sulfide 
Isodrin 
Isopropyl toluene 
Isosafrole 
Kepone 
Lasiocaprine 
Maleic anhydride 
Maleic hydrazide 
Malononitrile 
Melphalan 
Mercury compounds, NOS 
Mercury fulminate 
Methapyrilene 
Methomyl 
Methyl chlorocarbonate 
Methylcholanthrene 
Methylenebis(2-chloroaniline) 
Methylethyl ketone peroxide 

EM-9 Analytical 
Capabilities 

See footnotes at the end of this Table. 
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SW-846 
Method 

8270 
8270 

8260 

8280 
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8270 
8270 

8270 
8260 
8270 
8270 
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Table 7 

Los Alamos National Laboratory 
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Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9's0 Analytical Capabilities 

Appendix VIII 

Methyl hydrazine 
Methyl isocyanate 
Methyl methacrylate 
Methyl methanesulfonate 
Methyl parathion 
Methylthiouracil 
Mitomycin C 
MNNG 
Mustard gas 
1,4-Napthoquinone 
a-Napthylamine 
b-Napthylamine 
a-Naphthylthiourea 
Nickel carbonyl 
Nicotine 
Nicotine salts 
Nitrogen dioxide 
Nitrogen mustard 
Nitrogen mustard, hydrochloric 

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

hydrochloride salt 
Nitroglycerin 
2-Nitropropane 
Nitrosoamines, NOS 
N-Nitrosodi-n-butylamine 
N-Nitrosodiethanolamine 
N-Nitrosodiethylamine 
N-Nitroso-n-ethylurea 
N-Nitrosomethylethylamine 
N-Nitroso-n-methylurea 
N-Nitroso-n-methylurethane 
N-Nitrosomethylvinylamine 
N-Nitrosomorpholine 
N-Nitrosonomicotine 
N-Nitrosopiperidine 
N-Nitrosopyrrolidine 
N-Nitrososarcosine 
5-Nitro-o-toluidine 
Octamethylpyrophosphoramide 
Osmium tetroxide 
Paraldehyde 
Parathion 
Pentachlorobenzene 
Pentachlorodibenzo-p-dioxins 
Pentachlorodisbezofurans 
Pentachloroethane 
Pentachloronitrobenzene 

EM-9 Analytical 
Capabilities 

See footnotes at the end of this Table. 

T-18 

SW-846 
Method 

8260 
8270 
8270 

8270 
8270 
8270 

8270 
8270 

8270 

8270 

8270 

8270 
8270 

8270 
8270 

8270 
8270 
8280 
8280 

8260/8270 
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Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Phenacetin 
Phenylenediamine 
Phenylmercury acetate 
Phenylthiourea 
Phosgene 
Phosphine 
Phorate 
Phthalic anhydride 
2-Picoline 
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 
Safrole 
Selenourea 
Sodium cyanide 
Streptozotocin 
Strychnine 
Strychnine salts 
2,3,7,8-TCDD 
1,2,4,5-Tetrachlorobenzene 
Tetrachlorodibenzo-p-dioxins 
Tetrachlorodibenzofurans 
2,3,4,6-Tetrachlorophenol 
Tetraethyldithiopyrophosphate 
Tetraethyl lead 
Tetraethyl pyrophosphate 
Tetranitromethane 
Thioacetamide 
Thiofanox 
Thiomethanol 
Thiophenol 
Thiosemicarbizide 
Thiourea 
Thiram 
Toluenediamine 
Toluene-2,4-diamine 
Toluene-2,6-diamine 
Toluene-3,4-diamine 

EM-9 Analytical 
Capabilities 

See footnotes at the end of this Table. 
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SW-846 
Method 

8270 
8270 

8270 
8270 
8270 

8270 

8270 

8270 

8270 
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Table 7 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Comparison of Appendix VIIIa and Associated SW-846b Methods with 
EM-9'sc Analytical Capabilities 

Appendix VIII 

Toluene diisocyanate 
a-Toluidine 
a-Toluidine hydrochloride 
p-Toluidine 

EM-9 Analytical 
Capabilities 

1,1,1-Trichloroethane 
Trichloromethanethiol 
Tris(1-aziridinyl)phosphine sulfide 
Tris(2,3-dibromopropyl)phosphate 
Trypan blue 
Uracil mustard 
Vanadium pentoxide 
Warfarin 
Warfarin salts at cone. < 0.3% 
Warfarin salts at cone. > 0.3% 
Zinc cyanide 
Zinc phosphide 

SW-846 
Method 

8270 

8260 

8270 

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

b "SW-846" 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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PARAMETER 

Acetone 

2-Butanone 

2-Hexanone 

Methylene Chloride 

Table 8 

RESULTS OF VOLA TILE ORGANIC ANAL YSES(1) 

FOR LIQUID AND SLUDGE SAMPLES COLLECTED AT THE 

TA-35-TSL-85 SURFACE IMPOUNDMENT 
JUNE 9,1988 

LIQUID 
RESULTS 

(ppb) 

ppm range 

0>200.0 

42.9 ± 4.3 

0>5.0(3) (TIC)(4 ) 

1,1,2-Trichloro-1,2,2-trifluoroethane 0>200.0 

LIQUID/SLUDGE 
RESULTS(2) 

(ppb) 

ppm range 

0>200.0 

42.8 ± 4.3 

0>5.0 (TIC) 

ppm range 

<1> Modified EPA Method 524. Analytical methods are taken from Test Methods for Evaluating Solid 

Waste, EPA SW 846. 
(2) Intermixed liquids and solids; analyzed liquid fraction only. 

<3> 0 = Detected at a concentration greater than the limit stated in the above table. 

(4) TIC indicates a tentatively-identified compound. 
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COMPOUND 

Table 9 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Library Copy 
Plan Amended March 31, 1995 

PERCENT SURROGATE SPIKE RECOVERIES FOR 

VOLATILE ORGANIC ANALYSES OF LIQUID AND SLUDGE SAMPLES 

COLLECTED AT THE TA-35-TSL-85 SURFACE IMPOUNDMENT 

JUNE 9, 1988 

LIQUID 
RESULTS(%) 

SLUDGE 
RESULTS(%) 

CLP ACCEPTABLE 
RANGE (%)(1) 

1,2-Dicliloroethane d4 127 88.5 76-114 

Toluene d8 93.8 91.0 88-110 

p-Bromofluorobenzene 91.1 85.8 86-115 

(1) U.S. Environmental Protection Agency Contract Laboratory Program (CLP) acceptable range of 

percent recovery. 
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EPA HAZARDOUS 
WASTE 

NUMBER 

0004 

0005 

0006 

0007 

0008 

0009 

0010 

D011 

(1)40 CFR 261.24 

Table 10 

Los Alamos National Laboratory 

TA-35, TSL-85 Amended Closure Plan 
Mesa Library Copy 

Plan Amended March 31, 1995 

RESULTS OF EP TOXIC METALS ANALYSES 

FOR LIQUID AND _SLUDGE SAMPLES COLLECTED AT 

-THE TA-35-TSL~as SURFACE IMPOUNDMENT 

JUNE 9,1988 

LIQUID SLUDGE 

RESULTS RESULTS 

PARAMETER (mg/1) (mglkg) 

Arsenic 0.0055 0.30 

Barium 0.21 12.0 

Cadmium 0.0026 0.18 

Chromium 0.006 2.40 

Lead 0.027 5.20 

Mercury ND<.0005(2) .011 

Selenium N0<0.001 0.027 

Silver N0<0.003 0.31 

EP TOXIC MINIMUM 
CONCENTRATIONS(1) 

(mg/1) 

5.0 

100.0 

1.0 

5.0 

5.0 

0.2 

1.0 

5.0 

<2>ND = Not Detected; the limit of detection is the amount stated in the table above. 

NOTE: Total metals results for liquid samples are equivalent to results that would be obtained through 

the EP toxicity extraction procedure, and therefore a direct comparison of liquid results to EP toxic 

minimum concentrations is possible. For sludge samples, results obtained through the extraction 

procedure are a fraction representing the leachable portion of the total metals present. 
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SAMPLE 
NUMBER 

86.05275 

87.01843 

Table 11 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Library Copy 
Plan Amended March 31, 1995 

RESULTS OF POLYCHLORINATED BIPHENYLS (PCBs,) 
ANALYSES FOR LIQUID SAMPLES 

COLLECTED AT THE TA-35-TSL-85 SURFACE IMPOUNDMENT 

ANALYTICAL 
SAMPLE RESULTS 

DATE SAMPLED SAMPLE TYPE METHOD SAMPLE LOCATION (J.191g) 

09/08/86 OiVwater Grab Surtace Impoundment ND<2.0(1) 

07/29/87 Oil Grab Surtace Impoundment ND<1.1 

(1 )No= Not Detected; the limit of detection is the amount stated in the above table. 

T-24 



a 

Phase 

I 

II 

III 

IV 

v 

Table 12 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Summary of Sampling and Analytical Phases I through V 
Perfor.med for Clean Closure Verification 

at the Technical Area 35, TSL-85 Surface Impoundmenta 

Description 

Soil samples collected at 
the 1- to 2-foot depth below 
the surface impoundment 

Soil samples collected from 
various depths in three 
coreholes drilled to 
approximately 49 feet below 
the surface impoundment 

Soil samples collected from 
directly beneath the 
underground storage tank and 
associated polyvinyl 
chloride piping 

Soil samples collected at a 
depth of approximately 6 
inches and located 
downgradient of the surface 
impoundment into Mortandad 
Canyon 

Soil samples collected from 
various depths in two 
coreholes drilled to 
approximately 45 feet below 
the surface impoundment 

No. of Samples 

24 

24 

12 

12 

20 

Analytes 

Volatile organic 
compounds (VOCs), 
semi volatile 
organic compounds 
(SVOCs), 
polychlorinated 
biphenols (PCBs), 
and metals 

vocs, svocs, 
PCBs, and metals 

VOCs, SVOCs, 
PCBs, and metals 

VOCs, SVOCs, 
PCBs, and metals 

VOCs, SVOCs, and 
total petroleum 
hydrocarbons 

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). 
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a 

b 

c 

d 

Table 13 

Phase Ill Analytical Data for Antimony, Beryllium, and Selenium 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

for Soils Beneath the Underground Storage Tank and 
Associated Piping at the Technical Area 35, TSL-85 Surface lmpoundmenta 

Sample Location Number 

Metal 85PL-1 85PL-2 85PL-3 85PL-4 85PL-5 85PL-6 85PL-7 85PL-8 85PL-9 85PL-10 85PL-11 85PL-12 

Antimony 18b 20 30 25 25 35 30 30 30 35 35 20 

Beryllium 0.35 0.4 0.5 0.4 0.35 0.45 0.5 0.33 0.3 0.6 0.6 0.45 

Seleniumc <0.1d <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <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. 
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a 

b 

c 

d 

e 

f 

g 

h 

i 

Oral SFc 

Table 14 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amended March 31, 1995 

Action Levels Deter.mined for Antimony and Selenium in the 
Closure Risk Assessment for the 

Technical Area 35, TSL-85 Surface Impoundmenta 

Oral RfDd 
Constitu (mg/kg- (mg/kg- Weightf LT9 Intakeh EDj 

(yrs) 

Action 
Level 

(mg/kg) ent Classb day) -1 day) Risk8 

Antimony D 1.00 0.0004 1. 00 

Selenium D 1. 00 0.005 1. 00 

(kg) (yrs) 

10 1 

10 1 

(kg/day) 

0.0002 

0.0002 

AFi 

1 

1 

1 

1 

20 

250 

Information regarding action level determination 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-day)- 1

. This data was obtained from the 
EPA's Integrated Risk Information System (IRIS) database (June 1991 ed.). 
"RfD" refers to a reference dose for a systemic toxicant. Units are milligrams per kilogram-day. This data was obtained 
from the EPA's Integrated Risk Information System (IRIS) database (June 1991 ed.). 
"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. 
"LT" 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 15 

Los Alamos National Laboratory 
TA-35, TSL-85 Amended Closure Plan 

Mesa Public Library Copy 
Plan Amanded March 31, 1995 

Background Antimony and Beryllium 
Concentrationsa for Los Alamos National Laboratory 

Sigma Mesa Reportb 

Not Listed 

1.1-3.3 

Bandelier Reportc 

0.27- 1.59 

1.00- 4.4 

Units are milligrams per kilogram (parts per million). 
"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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Hazardous Materials Sample Analysis Request 

PART I: FIELD SECTION 

Collector: Date Sampled: Time: 

Location of Sampling: 
name of company, disposal site, etc. 

Address: 
number street city state 

Telephone: Company Contact: 

HML No. 
(Lab only) 

Collector's 
Sample No. 

Type of 
Sample* Field Information** 

Analysis Requested: 

Special Handling and/or Storage: 

PART II: LABORATORY SECTION 

Received by: Title: 

Sample Allocation: HML LBL 

Analysis Required: 

* Indicate whether sample is sludge, soil, etc. 
** Use back of page for additional information. 

F-13 

SRL 

zip 

Date: 

Date: 

hours 
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Photograph 2-1 
Technical Area 35 (TA-35), TSL-85 Surface Impoundment 

After Removal of Liner 

Photograph 2-2 
Excavation of 6" Polyvinyl Chloride (PVC) Pipe During Closure 

of the TA-35, TSL-85 Surface Impoundment (corresponds to Figure 2-1) 



Photograph 2-3 
6" PVC Pipe During Excavation; View Looking South at the 
North Side of Building TSL-85 (corresponds to Figure 2-1) 

Photograph 2-4 
Excavation of 6" PVC Pipe; View Looking East Along 

North Side of Building TSL-85 (corresponds to Figure 2-1) 
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LANL BACKGROUND SOIL CHEMICAL 
DATA USING EPA SW-846 PROCEDURES 



Los Alamos National Laboratory 

Los Alamos, New Mexico 87545 

To: Distribution 

Date: March 21, 1994 

Mail Stop: J534 
Telephone: 665-6493, 665-1264 
Fax: 665-9118 

memorandum 

From: Patrick Longmire, CST-10, Earth Sciences Technical Team 

\ 

Subject: BACKGROUND SOIL CHEMICAL DATA USING EPA SW846 
PROCEDURES 

Attached are more recent background chemical data for soils collected at Los 

Alamos (Tables I and II). These data are collected from "true soils", which may 

have application for fill or reworked unconsolidated material found at the 

townsites and other disturbed areas of the Laboratory. Table I contains 

chemical data for all soils and fracture fill material sampled at the Laboratory. 

Table II contain chemical data from A horizons, which typically are the 

uppermost soil horizons found on the Pajarito Plateau. These A horizons are 

probably comparable to surface soil samples, excluding fill material, collected at 

operable units (OUs). Clearly, more Laboratory-wide background soil samples 

need to be collected from A horizons. 

Nitric acid (HN03) was used to partly dissolve the soil samples. Atomic 

absorption (AA) and inductively coupled plasma spectroscopy (ICP) were the 

analytical methods used. Analytes of most concern include arsenic (As) and 

beryllium (Be) because background soil concentrations exceed screening 

action levels (SALs) for these two elements (Be, 0.16 ppm; As, 0.40 ppm). A 

seminar will be given in early May discussing details of these background data. 

Thank you for your interest in these background soil data. 



TABLE I. Background Elemental Concentrations in Soils at Los Alamos. New Mexico 

Nitric Acid Dissolution (SW846) INAA or DNAA (Uranium Only) 

Elementa Number of Mean Range Number of Mean Range 

Samples Samples 

As 72 4.9 0.5- 13.6 67 5.04 1.20-10.81 

Ba 72 176 24- 730 75 459 125- 829 

Be 72 1.23 0.18- 4.00 
75 b2.37 1.00- 4.40 

Co 72 15.2 5.5- 34 75 7.14 0.44- 23.35 

Cr 72 12.2 1.9-37.0 74 34.74 2.03- 71.07 

Cu 67 6.6 0.6- 16.0 
Fe (wt.%) 72 1.51 0.33-3.60 75 2.37 1.09- 4.86 

Ni 70 10.3 2.0- 28.0 

Pb 69 . 16.7 4.0- 37.0 
b28.36 18.00- 56.00 

Se 41 0.75 0.30- 2.40 

Th 72 7.1 0.6- 15.0 75 16.06 10.09 - 27.30 

Tl 40 0.42 0.20-0.90 

u 72 0.94 0.20- 2.40 75 3.41 1.54- 6.73 

v 72 26.6 4.0-56.0 72 . 48.95 JL54- 113.10 

aoata are reported in parts per million (ppm) unless otherwise noted. 
bHydrofluoric acid used in sample dissolution. 



TABLE II. Background Elemental Concentrations in A Horizons of Soils 
at Los Alamos. New Mexico 

Nitric Acid Dissolution (SW846) 

Elementa Number of Mean Range 
Samples 

As 9 3.1 0.8- 5.4 
Ba 9 123 27- 220 
Be 9 0.71 0.31 - 1.00 
Co 9 16.7 10.0-29.0 

Cr 9 8.1 1.9- 16.0 
Cu 7 6.5 3.3- 9.5 
Fe (wt.%} 9 1.21 0.33-2.80 
Ni 9 6.7 2.0- 12.0 

Pb 9 15.8 4.0-38.0 
Se 2 0.58 0.50-0.65 
Th 9 5.8 2.0-8.0 
Tl 2 0.2 0.2-0.2 

u 9 0.9 0.5- 2.4 
v 9 19.8 4.6-37.0 

aoata are reported in parts per million (ppm) unless otherwise noted. 
Note: A horizon is uppermost soil horizon characterized during 

background investigation. 
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SIGMA MESA: 

BACKGROUND ELEMENTAL CONCENTRATIONS 
IN SOll.. AND VEGETATION, 1979 

by 

Roger W. Ferenbaugb, Ernest S. Gladney, 

and George H. Brooks, Jr. 

ABSTRACT 

In 1979, soil aad vegetation samples were collected on Sigma Mesa to 
provide background data betore construction on the mesa. Elemental data are 
presented ror soil, grass, juniper, piiion pine, and oak. None ot the data looks 
out ot the ordinary. 

I. INTRODUCTION 

In 1979, Sigma Mesa was a relatively undistwbed 
area east of the buildings located immediately adjacent to 
Diamond Drive. At that time, the only activity that had 
occurred on the mesa at any distance from Diamond 
Drive was the erection of an antenna farm about 1 mile 
from the road. In 1979, the decision was made to drill a 
geothermal well on Sigma Mesa. This activity was 
scheduled to begin in the swnm« of 1979. Sigma Mesa 
also was projected to be a growth area for contractor 
facilities. For these reasons. a project wu initiated in the 
Environmental Surveillance Group (H-8, renamed the 
Environmental Protection Group [HSE-8] in 1989) to 
undertake a comprehensive soil and vegetation sampling 
program on Sigma Mesa. The purpose of the sampling 
program was to acquire, before any disturbance, a set of 
data to be used as background for future impact analysis. 

U. METHODS 

A sampling grid was established using the proposed 
location of the geothermal well as the center of the grid. 

Transects were run at eight compass points: N.l'<'E. E. 
SE, S, SW, W, and NW. Samples were collected along 
these transects at 250ft. 500ft. and thereafter at intervals 
of 500 ft out to 2500 ft. or as far as possible before the 
transect was terminated because of obstacles (such as 
mesa walls and roads). Table I gives a tabulation of 
sampling sites and samples collected at each site. 
Figure 1 shows the location of the sampling area within 
Laboratory boundaries, and Fig. 2 shows individual 
sampling locations. 

At each location, surface soil samples (0 to 2 in. 
deep) and grass samples were collected. Foliage samples 
were collected if tree species were presenL The three tree 
species that were encountered were oak (Quercus un­
dulata), pifton pine (Pinus tdulis), and juniper (Juniperus 
monosptrma). Grasses were not identified as to species. 

Soil samples were passed through a coarse sieve 
(20 mesh) to remove matter such as pebbles and twigs. 
and then the samples were air-dried and ground in a Spex 
Industries shatterbox. Vegetation samples were dried in a 



TABLE I. Sampling Locations and Samples CoUected 

Sample Type or Sample Collected 

Designation Location Soil Grass Juniper Pinon Oak 

lN 250ft X X X 
2N 500ft X X X X 
3N 1000 ft X X X 
4N Gravel pit X X X 
SN Above pit X X X 

lNE 250ft X X X 
2NE 500ft X X X X 
3NE 1000 ft X X X 
4NE 1500 ft X X X 
5NE 2000 ft X X X 
6NE 2640 ft X X X 

IE 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 2640 ft X X X 
7E KnoU X X X 

1SE 250ft X X X X 
2SE· 500ft X X X X 
3SE TA-35, above ponds X X X 

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

1SW 250ft X X X X 
2SW 500ft X X X 
3SW Trailers at TA-35 X X X 

1W Wellhead X X X 
2W 250ft X X X 
3W 500ft X X X 
4W 1000 ft X X X 
sw 1500 ft X X X 
6W 2000 ft X X X 
7W 2640 ft X X X 

1NW 250ft X X X 
2NW 500fi X X X 
3NW 1000 ft X X X 
4NW 1500 ft X X X 
5NW 2000 ft X X X 
6NW 2640 ft X X X 

2 
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Fig. 1. Location of sampling area. 

forced-air circuladon oven at600C for 2 days and then 
were ground in lhe shatterbox. 

After the samples were prepared, as described above, 
they were submiued for a variety of elemenlal analyses. 
Several analytical techniques were used, including 
neutton activation analysis, aoomic absorption, ion 
chromatography, ion selective electrode analysis, and 
some special analytical techniques. The procedures used 
for these analyses have been described in detail in 
Gautier and Gladney (1986) and Gladney et al. (1980). 

Quality assurance was provided by concurrent analysis of 
a variety of National Bureau of Standards (NBS), United 
Swcs Environmental Protection Agency (EPA), and 
United States Geological Survey (USGS) reference 
materials using the approach documented in Gladney 
etal. (1981). 

m. RESULTS 

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

3 
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TABLE D. Elemental Concentrations in Soil 

Standard No. of 
Element• Mean Deviation Samples Maximum Minimum 

AI(%) 5.8 0.35 40 6.7 5.3 
As 3.9 1.6 40 6.7 1.3 
8 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 
C1 <100 40 
Cr 27 24 40 136 4.2 
Cu 10 4.5 40 18 2.0 
F 240 74 40 390 50 
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 
NO] 8.1 6.5 30 26 0.50 

Pb 24 15 40 98 8.0 
ro .. 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 reported in puts per million (ppm) unless otherwise noted. 

vegetation data. and Table Vll shows soil data from other 
sources for comparison widl the da&a in Table II. In 
general. the Sigma Mesa daca agree well widl the da&a 
from other soiD"Ces. Those instances where there is some 
discrepancy can be auributed to the chemical characteris· 

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

The results of dle individual analyses are tabulated in 
the Appendix. Tables A-I through A-V. 

5 



TABLE ill. Elemental Concentrations in Grass 

Standard No. or 
Element• Mean Deviation Samples Maximum Minimum 

A1 650 770 39 4400 150 
As (ppb) 360 210 38 960 60 
B 14 7.0 29 34 7.0 
Ba 73 50 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 5.5 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 

Mn 48 35 40 180 13 
Ni 26 11 15 55 7.0 

NO:J 420 380 37 1300 60 

Pb 1.7 1.1 11 4.0 1.0 

P04 (%) 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 15 52 9.4 

ax>ata are reported in pans per million (ppm) unless otherwise noted. 
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TABLE IV. Elemental Concentrations in Juniper 

Standard No. or 
Element• Mean Deviation Samples Maximum Minimum 

AI 350 180 21 960 140 
As (ppb) 90 40 18 170 40 
B 23 8.0 21 50 15 
Ba 110 100 9 290 22 
Be (ppb) 18 7.0 9 29 11 
Br 21 18 21 65 3.2 
Cd (ppb) 140 60 10 250 100 
Cl 910 390 21 2000 350 
Cr 3.5 1.4 21 5.9 1.5 
Cu 5.9 2.5 9 10 3.5 
F (ppb) 250 140 21 600 100 
Fe 160 91 21 500 60 
Li (ppb) 320 90 6 440 200 
Mg(%) 0.24 0.061 9 0.36 0.17 
Mn 48 10 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 
P04 (%) 0.23 0.096 21 0.43 0.11 
Rb 3.1 1.4 19 6.9 1.1 

so4 470 210 21 830 170 
Ti 67 51 9 150 16 
Zn 21 5.0 9 27 9.2 

Aoata are reported in parts per million (ppm) unless otherwise noted. 
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TABLE V. Elemental Concentrations i.n Pinon Pine 

Standard No. or 
Element• Mean Deviation Samples Maximum Minimum 

AI 200 65 18 310 100 
As (ppb) 150 60 17 300 80 
B 22 7.0 18 46 ll 

Ba 24 6.0 3 28 17 
Be (ppb) 16 7.0 4 24 8.0 
Br l3 14 18 55 1.7 
Cd (ppb) 110 60 4 200 50 
Cl 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 18 540 58 
Ni 5.5 4.4 4 12 2.2 
NO:J b 
Pbb 

P04 (%) 0.18 0.077 17 0.32 0.080 
Rb 4.4 2.2 16 9.8 1.5 
so4 750 380 17 1700 19 
Ti 94 160 4 340 11 
Zn 34 26 6 69 4.0 

aoata are reported in parts per million (ppm) wtless otherwise noted. 
~o average wu calculated (see data in the Appendix). 
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TABLE VI. Elemental Concentrations in Oak 

Standard No. or 
Element• Mean Deviation Samples Maximum Minimum 

AI 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 ~2 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) 260 150 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 500 180 9 870 220 
Ni 4.4 0.40 3 4.8 4.0 
NO:J 120 34 7 190 80 
Pb <3.0 3 
ro. (%) 0.17 0.076 9 0.28 0.019 
Rb 17 J 3 26 5.9 
so. 470 320 8 990 200 
Ti 29 5.0 3 34 24 
Zn 25 6.0 3 30 18 

Aoata are reported in pans per million (ppm) unless ocherwise noted. 

Q 



TABLE Vll. Elemental Abundance in tbe Earth's Crust 

Concentrations (ppm) 

Element Mason• Vinogradovb Vinogradovc Wedepohld 

Al 81 300 104 500 71 300 78 300 
As 1.8 6.6 5 1.7 
Ba 425 800 500 590 
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 57 20 30 
F 625 500 200 720 
Fe 50000 33300 38000 35400 
Hg 0.08 0.4 O.ot 0.03 
Li 20 60 30 30 
Mg 20900 13 400 6 300 13 900 
Mn 950 670 850 690 
Ni 75 95 40 44 
Pb 13 20 10 15 
Rb 90 400 100 120 
Ti 4400 4500 4600 4 700 
Zn 70 80 50 60 

Ag 0.07 0.9 0.1 0.06 
Au 0.004 0.004 
Ca 36300 25300 13 700 28 700 
Ce 60 30 50 75 
Co 25 23 8 12 
Cs 3 12 5 2.7 
Dy 3 4 6.1 
Eu 1.2 1 1.4 
Ga 15 40 30 17 
Gd 5.4 s 8 
Ge 1.5 7 1 1.3 
Hf 3 4 6 3 
I 0.5 1 s 0.5 
In 0.1 0.07 
K 25900 22800 13 600 28200 
La 30 40 40 44 
Lu o.s 0.2 0.6 
Mo l.S 2 2 1 
Na 28300 6600 6300 24500 
Nb 20 20 20 
Nd 28 18 >30 
s 260 3000 850 310 
Sb 0.2 1 0.2 
Sc 22 10 7 14 
Se 0.05 0.6 0.09 
Si 277 000 248 000 330000 305 000 
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TABLE VII (Continued) 

Concentrations (ppm) 

Element Vinogradovb Vioogradovc 

Sm 
Sn 
Sr 
Ta 
Th 
Te 
Th 
u 
v 
w 
y 
Yb 
Zr 

6 
2 

375 
2 
0.9 
O.QI 
7.2 
1.8 

135 
1.5 

33 
3.4 

165 

5 
30 10 

450 300 
3.5 
0.9 

11 6 
3.2 1 

130 100 

33 50 
2.2 

200 300 

:c~tal concentrations (Mason 1966). 
Sedimentary rocks, shales, and clays (Vinogradov 1959). 

:soil concentrations (Vinogradov 1959). 
Crustal concentrations (Wedepohl 1968). 

Wedepohld 

>7 
3 

290 
3.4 

<1.4 
0.002 

11 
3.5 

95 
1.3 

34 
3.4 

160 

REFERENCES Analytical Chemistty: 1976-1979," Los Al.a.mos 
National Laboratory repon LA-8730-MS (1981). Gautier, M.A., and E. S. Gladney, Eds., "Health and 

Environmental Chemistty: Analytical Techniques, 
Data Management, and Quality Assurance," Los 
Alamos National Laboratory repon LA-10300-M 
(1986), Vols. I and II. 

Mason, B. J.,lntroduction to Gtochemistry, 3d ed. (John 
Wiley & Sons, Inc., New York, 1966). 

Gladney, E. S., D. B. Curtis. D. R. Perrin. J. W. Owens, 
and W. E. Goode, .. Nuclear Techniques for the 
Chemical Analysis of Environmental Materials," Los 
Alamos Scientific LaboralOry report LA-8192-MS 
(1980). 

Gladney, E. S., J. W. Owens, T. C. Gunderson, and W. E. 
Goode, "Quality Assurance rex- Environmental 

Vinogradov, A. P., Th4 Gtoch4mistry of Rart and 
Dis~rstd Ch4mU:al Elt~nts in Soils, English 
translation, 2d ed. (Consultants Bureau. New York, 
1959). 

Wedepohl, K. H., Origin and DistribUJion of the Ele­
~nts, L. H. Ahrens, Ed. (Pergamon Press, London, 
1968), pp. 999-1016. 
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-"" TABLE A-1. Soil: Elemental Concentrations• 

AI As B Ba Be Br Cd Cl Cr Cu F Fe 
Location ('II) (ppm) (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (%) 

IN 5.5 ±0.5 5.8±0.7 24±.5 680± 100 2.7 ±0.2 4.0 ±0 . .5 170± 20 <100 41 ± 4 16± 2 280± 30 2.4±0.1 
2N .5.8 ±O.S 6.0±0.7 27±.5 620± 90 <0.2 <0.3 150± 20 <100 43 ± 4 13 ±I 260± 30 2.2 ± 0.1 
3N S.8±0.S 3.0±0.5 10±5 210± 30 <0.2 0.87 ±0 . .5 80±20 <100 9.2 ± 1.1 6±1 180 ± 20 1.3±0.1 
4N S.9±0.S 1.8±0.4 10±5 180± 30 2.6±0.2 0.61 ±O.S 290± 30 <100 9.0 ± 1.4 6±1 50± 10 1.2±0.} 
5N 5.1±0.5 3.1 ±0.4 8±.5 400± 60 2.1 ± 0.2 1.3 ±0.4 210±20 <100 6.7 ± 1.0 15 ± 2 150 ± 10 1.2 ± 0. 

INE 6.2±0 . .5 4.8 ±0.5 20±5 510± 90 1.5 ± 0.2 .5.7 ±0.7 140±20 <100 27 ± 2 13 ±I 310± 30 2.0±0.1 
2NE 6.0±0.5 6.2±0.7 25±5 620± 90 1.4 ± 0.2 3.3 ±0 . .5 260±20 <100 41 ± 4 18 ± 2 340± 30 2.1±0.1 
3NE 5.8 ± 0.5 1.3±0.3 <5 ISO± 20 3.3 ±0.3 0.72 ±0 . .5 210±20 <100 140 ± II 6±1 150± 10 1.1 ± 0.1 
4NE 6.2±0.5 1.8±0.4 7±.5 120± 20 1.8 ± 0.2 l.S ±0.6 200±20 <100 S.l ± 1.1 5 ±I 160± 20 1.1 ± 0.1 
5NE S.8±0.5 2.7±0.4 IO±S 180± 30 1.6 ± 0.2 0.99±0.3 200±20 <100 8.9 ± 1.1 6±1 170± 20 1.2 ± 0.1 
6NE S.3±0.5 3.7 ±0.5 11 ± 5 240± 40 2.2±0.2 1.6 ±0.3 <100 13 ± 2 8±1 190± 20 1.3 ± 0.1 

IE s.s ± 0.5 5.1 ± 0.6 27±5 720± 110 1.6 ± 0.2 2.2 ±O.S 170± 20 <100 39 ± 4 IS± 2 360± 40 2.1 ±0.1 
2E 6.2±0.5 S.0±0.6 23±5 S90± 90 <0.2 2.3 ±0.4 80±20 <100 40 ± 4 14 ±I 210± 20 2.4±0.1 
3E 6.2±0.5 4.1± 0.5 IS± 5 390± 60 1.7 ± 0.2 1.4 ±0.4 110± 20 <100 27 ± 2 9±3 220± 20 2.1 ± 0.1 
4E S.1 ±O.S 4.2±0.6 13 ± s 300± so 2.1 ± 0.2 2.8 ±0.6 60±20 <100 IS ± 2 ll ± 1 210± 20 1.5 ± 0.1 
SE 6.3 ±O.S 2.8±0 . .5 10±.5 260± 40 2.3 ± 0.2 O.S7±0.4 160± 20 <100 14 ± 2 6±2 210± 20 1.7 ± 0.1 
6E S.9±0.S 2.6±0 . .5 9±5 190± 30 2.0± 0.2 1.2 ±0.4 <100 8.9 ± 1.2 3 ±I 230± 20 1.0±0.1 
7E 6.2±0 . .5 1.8 ± o.s IO±S 180± 30 2.6± 0.2 1.7 ± 0.6 100± 20 <100 6.8 ± 1.0 4±1 300± 30 1.2 ± 0.1 

1SE 6.0±0.S 3.S±0.4 14±.5 440± 70 1.8 ± 0.2 2.8 ±0.4 160± 20 <100 18 ± 2 10± I 240± 20 U±O.I 
2SE S.4±0.S 1.7 ± 0.3 9±5 130± 20 2.1 ± 0.2 3 . .5 ±O.S 140± 20 <100 4.4 ± 1.2 S ± I 190± 20 1.0 ± 0.1 
3SE 6.0±0.5 1.6±0.3 1±5 140± 20 2.2 ± 0.2 1.6 ±0.3 260±20 <100 4.3 ± 0.9 2±2 270± 30 1.1 ± 0.1 

IS S.3 ± O.S 4.3±0.5 16± s 390± 60 1.7 ± 0.2 3.6 ±0.7 390± 30 <100 21 ± 2 14 ±I 220± 20 1.7±0.1 
2S S.4±0.S 2.1 ±0.4 9±5 ISO± 20 1.9 ± 0.2 1.9 ±0.6 180±20 <100 4.2 ± 0.8 S ± I 140± 10 1.0 ± 0.1 
3S S.1±0.S 1.7 ± 0.3 <5 350± so 2.3 ±0.2 0.70±0 . .5 110± 20 <100 54 ± 4 7± I 150± 10 2.6±0.1 

1SW 6.0±0.S 4 . .5 ± 0.5 19± s .590± 90 1.8 ± 0.2 2.9 ±0.4 140±20 <100 39 ± 4 11 ±I 270± 30 2.2 ± 0.1 
2SW ·1 ±0.5 4.9±0.6 18± s 380± 60 2.0±0.2 2.7 ±0 . .5 <100 26 ± 3 16± 2 300± 30 1.9 ± 0.1 
3SW ,,_/ ±O.S 3.5 ± 0.4 13± s 200± 30 2.4 ± 0.2 1.7 ±0 . .5 100± 20 <100 16 ± 2 13 ± 1 320± 30 1.7±0.1 

IW .5.3±0 . .5 6.7±0.7 27±.5 810± 120 1.4 ± 0.2 2.8 ±0.4 260±20 <100 40 ± 4 17 ± 2 270± 30 2.2 ± 0.1 
2W S.9 ± O.S 5.5±0.6 24±.5 610± 90 0.9 ± 0.2 1.8 ±0.4 190± 20 <100 48 ± 4 14± I 320± 30 2.2±0.1 
3W S.S ±O.S 4.8±0.6 2S±S 510± 90 1.4 ± 0.2 0.44±0.4 90±20 <100 38 ± 3 II± I 340± 30 1.9 ± 0.1 
4W 6.0±0 . .5 .5.7±0.6 20±S 690± 100 1.7 ± 0.2 4.1 ±0.6 30±20 <100 42 ± 4 IS± 2 390±40 2.2 ±0.1 
sw S.1±0.S S.1±0.6 19±S 700± 110 1.6 ± 0.2 1.0 ±0.4 S20± so <100 46 ± 4 14 ±I 320 ± 30 2.0±0.1 
6W S.S ±O.S 5.4±0.6 2S±S 6.50± 100 1.8 ± 0.2 1.4 ±0.4 130± 20 <100 41 ± 4 13 ±I 160± 20 1.9±0.1 
7W .5.3 ±O.S .5.3±0.6 24±.5 620± 90 1.3 ± 0.2 3.0 ±O.S 30±20 <100 40 ± 4 12± I 280± 30 2.0±0.1 

INW 5.S ±O.S 5.6±0.6 27± 5 660± 100 1.1 ± 0.2 2.4 ±0.5 <100 32 ± 4 16± 2 310 ± 30 2.0 tO. I 
2NW S.4±0.S S.l ±0.6 26± s 700± 110 1.4 ± 0.2 0.42 ± 0.3 150± 20 <100 45 ± 4 14 1: I 250 ± 20 2.1 tO. I 
3NW S.1 ±0.5 3.2±0.4 9±S 200 ± 30 15 ±0.2 <0.3 250± 20 <100 7.6 ± 1.1 6 ±I 180± 20 1.1 ± 0.1 
4NW 5.8 ±O.S 2.5 ± 0.4 10± 5 160 ± 20 2.1 ±0.2 0.73 1: 0.5 100 ± 20 <100 8.8 i 1.3 6tl 160 ± 20 1.2±0.1 
5NW 6.3 i O.S 3.0 ± 0.4 I I i 5 260 ± 40 2.4 i 0.2 0 40 ± 0.4 150± 20 <100 II i I 7 ±I 220± 20 1.6 i 0 I 
6NW 6.2 ±0.5 2.4 ± 0.4 8±5 220 ± 30 2.1 10.2 0.05 10.5 140 ± 20 <100 8.5 i 13 51 I 190 i 20 1.3±0.1 
-----



TABLE A-1 (Continued) 
Hg Li Mg Mn Ni N03 Pb P04 Rb so4 Ti Zn 

Location (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 22±4 24 ± 2 3800 ± 380 770±80 15 ±2 6.0± 0.6 18 ±2 15 ± 1 120 ± 15 10 ± 1 4200 ±400 51± 3 
2N 14±4 23±2 3400±340 530± 50 13 ±2 6.0 ±0.6 33±3 <0.6 120± 14 9.0 ±0.9 4300 ± 450 41 ± 2 
3N 18 ± 4 29±3 1500± 150 400±40 6.5 ± 1 2.0 ±0.2 18±2 <0.6 130± IS 4.0 ±0.4 1200 ± 170 58± 3 
4N 28±3 850± 90 400±40 4.7 ± 1 6.0 ±0.6 28±2 <0.6 ISO± 18 4.0 ± 0.4 1100 ± 170 52 ±3 
5N 12±4 25±3 2400±240 350±40 6.8 ± 1 10 ± 1 65±6 <0.6 120± 13 4.0 ±0.4 1300 ± 220 64± 3 

1NE 22±4 25±3 3700±370 740±70 14 ±2 23 ±2 18 ± 2 <0.6 120 ± 14 59 ±6 3700 ± 390 52± J 
2NE 27±4 25±3 4000±400 570±60 14 ±2 <0.9 20±2 2.0 ±0.2 ISO± 18 10 ± 1 3800 ± 390 52± 
3NE 14±4 24±2 670± 70 390±40 3.1 ± 1 <0.9 12 ± 2 7.0 ±0.7 120± 14 6.0 ±0.6 810± 140 64± 3 
4NE 10±4 26±3 510± .so 460±50 2.7 ± 1 <0.9 15±2 4.0 ± 0.4 130± IS 2.0 ±0.2 1000 ± 180 71 ± 4 
5NE 17±4 26±3 1200± 120 470±50 6.8 ± 1 <0.9 32±3 <0.6 120± 13 3.0 ±0.3 1300 ± 140 63 ± 3 
6NE 22±4 26±3 1600± 160 640±60 5.2 ± 1 <0.9 30±3 3.0 ±0.3 130± IS 6.0±0.6 1200 ± 120 71 ± 4 

IE 21±4 25±3 3800±380 630±60 1.5 ±2 7.0±0.7 25±2 8.0 ±0.8 120± 17 9.0 ±0.9 4300± 450 45 ± 2 
2E 13±4 25±3 4000±400 840±80 19 ±2 6.0±0.6 12± 2 <0.6 120± 14 8.0 ± 0.8 4900 ± 280 50± 3 
3E 17±4 24±2 2700±270 430±40 6.9 ± 1 11 ±1 20±2 <0.6 110± 12 7.0 ±0.7 2900 ± 330 41! ± 2 
4E 27±4 24±2 1800± 180 430±40 6.3 ± 1 14 ±I 25±2 <0.6 90± 11 14 ± 1 2000± 240 62 ± 3 
.SE 11 ±4 27±3 1400± 140 390±40 5.6 ± 1 16 ± 1 16± 2 <0.6 120± 14 5.0 ± 0.5 1700 ± 210 53± 3 
6E 13 ±4 26±3 930± 90 360±40 3.2 ± 1 4.0 ±0.4 8±2 <0.6 110± 12 3.0 ± 0.3 1100 ± 180 47 ± 2 
7E 17±4 29±3 1100± 110 400±40 3.8 ± 1 12 ± 1 19 ± 2 5.0 ±0.5 130± 14 3.0 ±0.3 790± 150 55± 6 

lSE 15±4 25±3 2700±270 390±40 8.1 ± 1 6.0 ±0.6 19 ± 2 3.0 ± 0.3 90±10 6.0 ± 0.6 2500 ± 260 45 ± 2 
2SE 13±4 19±2 810± 80 440±40 3.8 ± 1 <0.9 14 ±2 25 ±2 120± 14 34 ±3 850± 90 59± 3 
3SE 7±4 26±3 860± 90 420±40 12 ±2 <0.9 8±2 <0.6 110± 12 2.0 ± 0.2 950± 100 58± 3 

IS 29±4 25±2 2200±220 540± 50 8.7 ± 1 0.5 ±0.1 28 ±2 94 ±9 120± 15 22 ±2 2100 ± 240 62 ± 3 
2S 16±4 22±2 760± 80 400±40 34 ± 1 4.0 ±0.4 19 ± 2 23 ±2 110±12 <0.6 810±140 56± 2 
3S 22±4 22±2 1700± 170 460± 50 13 ±2 12 ± 1 11 ± 2 5.0 ± 0.5 100± 15 56 ±6 4000±920 60± 3 

lSW 18±4 24±2 3400±340 460±50 1.6 ± 1 <0.9 19 ± 2 0.3 ± 0.1 120± 15 8.0 ± 0.8 4200 ± 430 49 ± 3 
2SW 20±4 27±3 3000±300 520±50 7.5 ± 1 6.0 ±0.6 20±2 <0.6 120 ± 14 9.0 ±0.9 3100±340 51± 3 
3SW 29±4 28±3 2800±280 330±30 10 ±2 <0.9 24±2 2.0 ±0.2 110± 14 13 ± 1 1400 ± 190 56± 3 

IW 17±4 22±2 3300± 330 690±70 16 ±2 8.0±0.8 25±2 4.0 ±0.4 120± 15 10 ± 1 4200± 250 48 ± 2 
2W 22±4 25±3 3600±360 670±70 11 ±2 6.0±0.6 24±2 )() ± 1 150± 20 10 ± 1 3800 ± 400 46± 2 
3W 16±4 20±2 3000±300 540±50 9.5 ± 1 22 ±2 25±2 4.0 ±0.4 120± IS 10 ±I 3600± 220 39± 2 
4W 23±4 26±3 3900±390 650±60 16 ±2 5.0±0.5 25±2 2.0 ±0.2 110± 14 2.0 ± 0.2 3900 ± 410 45 ± 2 
5W 21 ±4 24±2 3900±370 600±60 14 ±2 26 ±2 23±2 <0.6 120± 14 12 ± 1 4200 ± 240 41 ± 2 
6W 10±4 21±2 3300±330 530±50 12 ±2 8.0 ±0.8 25±2 <0.6 100± 14 7.0 ± 0.7 4300 ± 460 42 ± 2 
7W 18±4 23±2 2700±270 570±60 12 ±2 6.0 ±0.6 23 ±2 <0.6 120± 14 7.0 ± 0.7 4500 ± 260 38 ± 2 

1NW 31 ±4 23±2 3400±340 660±70 16 ±2 2.0 ±0.2 98±9 8.0 ± 0.8 110 ± 13 12 ± 1 4300 ± 440 47 ± 2 
2NW 20±4 22±2 3300± 330 640±60 14 ±2 4.0 ±0.4 24±2 <0.6 130± 16 9.0 ± 0.9 4400 i 460 39 ± 2 
3NW 18±4 24±2 1100± 110 330± 30 4.5 ± 1 2.0 ± 0.2 22±2 <0.6 100± 12 3.0 ± 0.3 940 ± 160 48 ± 2 
4NW 20±4 28 ± 3 950± 100 360± 40 3.6 ± 1 2.0 ± 0.2 16± 2 2.0 ± 0.2 130± 15 4.0 ± 0.4 940 ± 150 56± 3 
5NW 7±4 39±4 1200 ± 120 600±60 4.8 ±I <0.9 22 ± 2 <0.6 160± 17 2.0 i 0.2 12(X) ± 160 I 10 t 5 
6NW 15 ±4 23± 2 1100 ± llO 370± 40 3.7 ±I 1.0 ± 0.1 23 ± 2 0.1 ±0.1 110±13 3.0 ± 0.3 1100± 170 52 l 3 

VI 
alnsufficienl sample for analysis where no dal~_are reporl~~: llm:enamllcs rcprcscnl analylical unn·naullic~. 
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TABLE A-U. Grass: Elemental Concenlraaioas• 

AI As B Ba Be Br Cd Cl Cr Cu F 
Location (ppm) (ppm) (ppm) (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 1300± 380 <0.08 <10 160 ±20 2700±400 S.O ±O.S 1.6± 0.2 
2N ISOO± 460 0.17 :tO.OS 22±5 130 ±10 1700 ± 260 4.3 ±0.4 2.6±0.3 
3N 230± 70 0.06 :t 0.()2 7±5 16 ± 2 <0.2 1500±220 3.1 ±0.3 2.4±0.2 
4N 4400± 1300 <0.03 6±5 44±10 21±2 31 :t 3 <0.2 2400±360 4.0 ±0.4 3.3± 0.3 2.2 ± 0.2, 
SN 320± 100 0.32±0.06 14±5 90±20 11 ±2 20 ± 2 2000±300 3.7 ±0.4 4.4±0.4 1.3 ± 0.1 
INE 720± 220 0.57±0.10 <5 110 ±10 2400±360 7.5 ± 0.8 0.8±0.1 
2NE 460± 140 0.2S:t0.06 8±5 32 ± 3 1500±220 13 ±1.3 0.9±0.1 
3NE 260± 80 0.55 ±0.()1 23±5 10 ± I 900± 140 9.7 ± 1.0 0.7 ± 0.1 
4NE 280± 90 0.23±0.05 <5 11 ± 1 0.07 ± 0.01 ISOO± 230 6.1 ±0.6 0.6 ± 0.1 
SNE 220± 70 0.51 :t0.07 9±5 10 ± I 2600±380 6.5 ± 0.7 0.6±0.1 
6NE 300± 90 0.53±0.08 8±5 13 ± 1 ISOO± 230 4.3 ±0.4 0.7±0.1 

IE 1300± 380 0.17±0.06 <5 Sl ± s 1400± 210 3.9 ±0.4 0.9±0.1 
2E 310± 90 0.08±0.05 <5 34 ± 3 960± 140 2.1 ±0.2 l.S ± 0.1 
3E 2000± 610 0.15 ±0.07 13±5 29 ± 3 <0.2 2100 ± 310 9.6 ± 1.0 1.6 ± 0.2 
4E 240± 70 O.S0±0.07 11 ±5 SO:tlO 4±2 12 ± I 980± ISO 2.1 ± 0.2 S.O:t O . .S 1.1 ± 0.1 
SE 290± 90 0.19±0.07 <5 so ± 5 2700±400 2.5 ±0.3 0.8±0.1 
6E ISO± .so 0.31 ±0.05 10± .s 6.2 ± 0.6 <0.2 1300± 190 1.6 ±0.2 0.8±0.1 
7E 2SO:t 80 0.61 ±0.08 10±5 42± 10 6±2 13 ± 1 <0.2 1400 ± 220 3.5 ± 0.4 .S.O± O.S 1.0± 0.1 

ISE 330± 100 0.33 ±0.06 8±5 13±10 17± 2 12 ± 1 <0.2 l.SOO± 220 3.3 ± 0.3 6.6±0.7 0.9± 0.1 
2SE 260± 80 0.24±0.04 9±5 86±20 8±2 2.7 ± 0.3 <0.2 400± 60 3.1 ± 0.3 4.8±0.5 1.0± 0.1 
3SE 240± 70 0.32±0.06 14 ± 5 90±20 8±2 33 ± 3 <0.2 2100 ± 320 7.6 ± 0.8 14 ± 1.4 0.9±0.1 

IS 290± 90 0.19±0.04 12 ± .s 13 ± I 1100± 160 3.9 ±0.4 0.6±0.1 
2S 250± 70 0.27±0.04 10±5 2S ± 2 1600±240 3.5 ±0.4 0.7±0.1 
3S 240± 70 0.39±0.06 <5 90±20 <3 IS ± 2 <0.3 6000±890 13 ±1.3 6.9±0.7 0.7±0.1 

ISW 460± 140 0.31 ±0.05 21 iS 22± 10 6±2 3.9 ± 0.4 <0.2 340± .so 3.9 ±0.4 9.2±0.9 1.2 ± 0.1 
2SW 250± 70 0.29±0.0S 9±5 45± 10 6±2 19 ± 2 <0.2 1300±200 3.5 ± 0.4 7.6±0.8 0.7±0.1 
3SW 240± 70 0.31 :t 0.07 <5 150± 30 5±2 23 ± 2 <0.2 5600±850 13 ±1.3 3.9±0.4 0.6±0.1 

IW 1SOO± 460 0.81 ± 0.12 34±5 77 ± 8 1600±250 6.9 ±0.7 3.4 ± 0.3 
2W 600± 180 0.37 ± 0.11 <5 100± 20 10±2 98 ±10 <0.5 1900± 280 4.1 ± 0.4 3.4 ± 0.3 1.3 ± 0.1 
3W 1100± 340 0.72 ±0.13 12±5 44±10 10± 2 ISO ±IS <0.2 4200±630 5.9 ± 0.6 6.8 ± 0.7 1.2 ± 0.1 
4W 810± 240 0.48 ±0.10 26±5 69 ± 7 940±140 3.2 ± 0.3 9.7 ± 1.0 1.6 ± 0.2 
sw 0.96±0.14 12 ± 5 91 ± 9 2300± 340 13 ±1.3 11 ±1.1 1.S ± 0.1 
6W 1200± 350 0.59 ±0.10 29±5 200±40 42±4 72 ± 7 <0.2 2400±370 2.1 ± 0.2 7.6± 0.8 1.0± 0.1 
7W 710± 210 0.20±0.06 11±5 32± 10 16± 2 37 ± 4 <0.2 2000±300 5.1 ±O.S 0.8±0.1 

1NW 880± 260 0.29±0.08 1±5 47 ± s 1900±280 5.2 ± 0.5 1.1 ± 0.1 
2NW 540± 160 0.62 ± 0.11 17±5 24 ± 2 410± 60 6.3 ± 0.6 1.1 ± 0.1 
3NW 190± 60 0.13 ±0.04 11 ± s 5.9 ± 0.6 1800 ± 270 8.1 ± 0.8 0.6±0.1 
4NW 390± 120 0.22 ±0.04 <S 15 ± 2 970± 150 4.3 ± 0.4 0.9± 0.1 
5NW 220± 70 0.25 ± 0.05 <5 17 ± 2 2300 ± 350 6.3 t 0.6 0.7 ±01 
6NW 150± 50 0.32 ± 0.05 9±5 19 ± 2 1900±290 2.8 ± 0.3 0.7±0.1 



TABLE A·ll (Continued) 

Fe Li Ma Mn Ni N03 Pb Po4 Rb so .. Ti Zn 

Location (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 490± IOO 52± I1 110 ±10 2500 ± 250 4.4 ± 1.2 36()± 40 

2N 540± 100 45± 10 810 ± 80 1400 ± 140. 4.9± 1.2 450± 50 

3N 90± 20 28± 6 4.0 ± 0.4 2000±200 5.3 ± 1.2 990 ± 100 

4N 810± 160 0.20±0.10 1300± 130 52± 11 18 ±2 1300 ±130 3.0 ± 1.0 2000 ± 200 18 ± 1.2 270± 30 21 ± 3 9.4±0.9 

SN 130± 30 <0.20 1200± 120 17± s 7.0 ± 1.0 4SO ±SO 2.0 ± 1.0 1100 ± 110 7.1 ± 1.2 570± 60 I6± 3 2I ±2 

INE 300± 60 39± 8 200 ± 20 2600±260 11 ± 1.2 920± 90 

2NE 270± 50 33± 1 93 ± 9 2I00±2IO 2.2 ± 1.2 1300± 130 

3NE 240± so 73± 1S <0.9 2000±200 4.3 ± 1.2 520± 50 

4NE 140± 30 32± 1 I90 ± 20 2000±200 6.4± 1.2 540± so 
SNE 100± 20 35± 1 300 ±30 2000±200 9.5 ± 1.2 470± so 
6NE 100± 20 51± 12 200 ± 20 I300± 130 2.6± 1.2 740± 70 

IE 460±90 36± 8 200 ± 20 I600± I60 5.4± 1.2 320± 30 

2E 110± 20 24± 5 100 ± 10 1900± 190 <1.2 610± 60 

3E 230± 40 17± 4 600 ±60 1500± 150 5.5 ± 1.2 1100± 110 

4E 110± 20 <0.20 1100± 110 23± 5 35 ±4 ISO ± 20 <3.0 1100± 110 3.6± 1.2 820± 80 16± 3 14 ± 1 

SE 110± 20 24± 5 410 ±40 700± 70 11 ± 1.2 230± 20 

6E 60± 10 31± 6 2SO ± 30 2000±200 4.2 ± 1.2 990± 100 

7E 90± 20 <0.20 1200± 120 31± 6 lS ±2 60 ± 6 1.0 ± 1.0 820± 80 2.7 ± 1.2 1200 ± 120 12± 3 16 ±2 

ISE 150± 30 0.50±0.05 820± 80 26± s 28 ±3 270 ± 30 1.0 ± 1.0 1900 ± 190 2.2 ± 1.2 1500 ± ISO 29 ± 3 12 ± 1 

2SE 170± 30 0.37±0.04 1100± 110 19± 16 20 ±3 260 ±30 1.0 ± 1.0 1100 ± 110 2.6± 1.2 270± 30 25± 3 22 ±2 

3SE ISO± 30 0.20±0.10 lSOO± ISO 32± 7 29 ±3 <0.9 1.0 ± 1.0 1100 ± 110 8.8± 1.2 320± 30 17 ± 3 24 ±2 

IS 130± 20 25± s 100 ±10 1700 ± 170 4.4 ± 1.2' 840± 80 

2S 70± 20 30± 6 100 ± 10 2300± 230 3.8 ± 1.2 950± 90 

3S 200± 40 <0.20 1500± ISO 64± 13 32 ±4 660 ± 70 <3.0 2000±200 2.3 ± 1.2 130 ± 10 16± 3 39 ±4 

ISW 160± 30 0.71 ±0.07 1100 ± 110 180 ± 35 22 ±3 600 ±60 1.0± 1.0 760± 80 <1.2 290± 30 22± 3 16 ± 2 

2SW ISO± 30 0.35±0.04 980± 100 61 ± 12 28 ±3 <0.9 <3.0 1400± 140 2.1 ± 1.2 1100 ± 110 24 ± 3 19 ± 2 

3SW 150± 30 <0.20 1300± 130 60± 12 20 ±3 180 ± 20 <1.0 4700± 470 7.0± 1.2 590± 60 36± 3 52 ±S 

1W 720± 140 87± 18 1200 ±120 4100±410 8.0± 1.2 1200± 120 

2W 270±. so 0.27±0.10 610± 60 38± 8 24 ±3 110 ± 10 <3.0 1900± 190 5.0± 1.2 880± 90 88 ± 8 14 ±I 

3W 610± 120 0.75±0.08 1100± 110 54± 11 25 ±3 690 ± 70 3.0± 1.0 3100±310 7.0± 1.2 970± 100 56± s 23 ±2 

4W 3SO± 70 0.45±0.05 1000± 100 59± 12 1100 ±110 4.0 ± 1.0 3200 ± 320 2.6± 1.2 450± 50 

SW 580± 120 41± 9 200 ± 20 1800± 180 4.8 ± 1.2 750± 80 

6W 470± 90 0.34±0.03 1500± ISO 52± II 34 ±4 1100 ±110 1.0 ± 1.0 2400 ± 240 6.9 ± 1.2 740± 70 250±25 22 ±2 

7W 430± 80 0.28±0.03 1700± 170 74± IS 55 ±6 310 ± 30 1.0 ± 1.0 1600 ± 160 5.0± 1.2 1100± 110 64± 6 15 ± 2 

INW 380± 70 38± 8 240 ± 20 2100 ±210 3.5 ± 1.2 810± 80 

2NW 270± so 170±33 140 ±10 910± 90 <1.2 880± 90 

3NW 130± 30 26± 6 1200 ±120 1900± 190 8.1 ± 1.2 280± 30 

4NW 170± 30 26± 6 290 ± 30 1300± 130 4.3 ± 1.2 120± 10 

5NW 160± 30 31± 7 960 ±100 2000± 200 6.3 ± 1.2 170± 20 

6NW 80± 20 13 ± 3 380 ±40 980 ± 100 2.8 ± 1.2 850± 90 

--.1 
•Insufficient sample for analysis where no data are reported. Uncenainties represent analytical uncenainties. 
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TABLE A-111. Juniper: Elemental Concentrations• 

AI As B Ba Be Br Cd Cl Cr Cu F 
Location (ppm). (ppm) (ppm) • (ppm) (ppb) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 300±90 0.17 ±O.OS 28±5 26 ± 3 790 ± 120 3.7 ± 0.4 0.40± 0.04 
SN S60± 160 0.08±0.02 17 ±5 9.S ± 1.0 0.13 ± 0.01 780 ± 120 4.7 ±0.5 o.3o± o.p3 ' 

lNE 400± 120 0.10±0.03 16±5 33 ± 3 1200± 180 4.0± 0.4 0.40 ± 0.04 
2NE 270± 80 O.OS±0.02 22±S s.s ±0.5 1100± 170 5.9 ±0.6 0.30± 0.03 

3NE 250± 70 0.06±0.02 27±5 6.3 ±0.6 0.11 ± 0.02 1200± 180 3.0 ± 0.3 0.10 ± 0.01 

lE 260± 80 0.10± 0.04 23±S 38 ± 4 0.10± 0.02 1300 ± 200 2.0± 0.2 0.10 ± 0.01 
2E 240± 70 0.06±0.03 24±S 22± 10 12±2 42 ± s <0.20 920± 140 2.9 ± 0.3 4.7 ± 0.5 0.30 ± 0.03 
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±5 3.7 ±0.4 350± 50 5.0±0.5 0.10 ± O.Dl 

SE 150± so 0.04±0.02 lS±S 4.3 ±0.4 0.22± 0.02 540± 80 3.5 ± 0.4 0.10 ± 0.01 

7E 280± 80 0.15±0.02 16±S 52±20 27±2 3.8 ±0.4 <0.20 480± 70 1.6 ± 0.2 3.6 ± 0.4 0.10 ± 0.01 

ISE 480± 150 0.1S±0.04 17 ± s 290± so 29±3 S.1 ±0.6 <1.0 460± 70 1.5 ± 0.2 4.0 ± 2.0 0.20 ± 0.02 

IS 250± 70 0.08±0.02 21 ±5 3.2±0.3 0.10± 0.01 800 ± 120 5.9 ±0.6 0.20± 0.02 

1SW 330± 100 0.06±0.02 23±5 31 ± 10 14 ±4 3.6±0.4 0.10 ± 0.10 710 ± 110 1.7 ± 0.2 3.5 ± 0.4 0.10 ± 0.01 

lW 310± 90 0.14±0.04 22±S 34 ± 3 0.13 ± 0.01 990± 150 2.9 ± 0.3 0.60± 0.06 

2W 250± 70 <0.03 34±S 28± 10 11 ±2 30 ± 3 0.25 ± 0.10 1100 ± 170 2.5 ± 0.3 5.9 ± 0.6 0.40 ± 0.04 

3W 520±220 0.08±0.03 21±S 180 ± 40 12±2 27 ± 3 <0.30 830± 120 4.0 ± 0.4 9.4 ± 0.9 0.30 ± 0.03 

4W 460± 140 <0.03 50±5 83±20 24±2 51 ±5 0.10± 0.10 1400 ± 210 4.6 ± 0.5 7.7 ± 0.8 0.30 ± 0.03 

6W 960± 290 0.06± 0.04 29±5 220± 40 22±2 65 ± 7 <0.70 2000 ± 290 4.7 ± 0.5 10 ± 1.0 0.40 ± 0.04 

7W 430± 130 0.06± 0.02 22± s 44±10 14 ± 2 18 ± 2 <0.20 780± 120 1.9 ± 0.2 4.7 ± 0.5 0.30 ± 0.03 

INW 300± 90 0.08 ± 0.04 21 ± 5 32 ± 3 970 ± 150 4.1 i 0.4 0.10 ± O.ot 
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TABLE A·lll (Continued) 

Fe Li Ml Mn Ni N03 Pb P04 Rb so,. Ti Zn 

Location (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

IN 140± 30 ss ±II <0.9 2400± 240 1.9 ± 1.2 610±60 

SN 200± 40 37± 8 43± 4 llOO± 110 3.0± 1.2 180 ± 20 

INE 180± 40 38± 8 98± 10 4300±430 6.9 ± 1.2 830±80 

2NE 140± 30 57± 11 110± 10 3800± 380 2.4 ± 1.2 790±80 

3NE 170± 30 58± 12 <0.9 1400 ± 140 2.9 ± 1.2 440±40 

IE 90± 20 44±9 88± 9 3400± 340 3.4 ± 1.2 520± 50 

2E 60± 10 <0.20 2500 ± 2SO 56± 11 9.0± 1.0 130± 10 <3.0 3200± 320 1.9 ± 1.2 350±40 30± 3 20 ±2 

3E 80± 20 38± 8 90±9 1500 ±ISO 2.1 ± 1.2 280± 30 

4E 70± 20 26± 5 88± 9 1600± 160 5.0± 1.2 220± 20 

SE 80± 20 37± 8 97± 10 1200± 120 2.0± 1.2 280± 30 

7E 110± 20 0.24 ± 0.10 1700 ± 170 43 ± 9 3.0 ± 1.0 ISO± 20 3.0 ± 1.0 1600± 160 1.8 ± 1.2 530±50 41± 5 19 ± 2 

lSE 180± 40 <1.0 1700±170 30± 6 2.0 ± 1.0 130± 10 4.0±2.0 1200± 120 <1.2 170 ± 20 150 ± 20 9.2± 0.9 

IS 140± 30 53± 11 55± 5 1900 ± 190 2.6 ± 1.2 340± 30 

ISW 110± 20 <0.20 2300±230 46± 9 2.0± 1.0 71± 7 <3.0 1600± 160 1.9 ± 1.2 240± 20 23 ± 6 24 ± 2 

IW 160± 30 54±11 240±20 2200±220 <1.2 370±40 

2W 140± 30 0.20±0.10 2500±2SO 62± 13 11.0± 2.0 120± 10 <3.0 2100 ± 210 2.5 ± 1.2 820± 80 16± 3 21 ± 5 

3W 190± 40 0.30± 0.10 3000 ± 300 51± 10 4.3 ±0.5 110± 10 1.0± 1.0 3100± 310 3.5 ± 1.2 560±60 65± 6 20 ±2 

4W 240± 40 0.35 ± 0.04 2600 ± 260 58± 12 1.9 ±0.5 110 ± 10 2.0 ± 1.0 3400 ± 340 4.7 ± 1.2 520± 50 48± 3 27 ± 3 

6W 500± 100 0.44 ± 0.04 3600 ± 360 55 ± 11 9.8 ± 1.0 110± 10 <3.0 3400± 340 4.1 ± 1.2 600±60 150± IS 27 ± 3 

7W 170± 40 0.41 ± 0.04 2000 ± 200 44 ± 9 4.1 ±0.5 110± 10 <3.0 2400± 240 1.1 ± 1.2 720± 70 78± 8 19 ± 2 

INW 160± 30 56± II 90±9 2400 ± 240 4.3 ± 1.2 590± 60 
--
•tnsufficient sample for analysis where no data are reported. Uncenainties represent analytical uncenainties. 

'Cl 
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TABLE A·IV. Piioll: Fleme•tal CODCtDtratioos• 

AI AI B 
Locatiola (ppm) <PI-) (ppm) 

2N 140 ± 40 <0.03 18 ± s 
3N 190 ± 60 0.09± 0.03 14 ± s 
4N 130 ± 40 0.18 ± 0.04 22± s 

4NE 220 ± 70 0.15 ± 0.03 22 ± s 
5NE 140 ± 40 0.10± 0.02 21 ± s 
6NE 180 ± 60 0.11 ± 0.03 11 ± s 

6E 140 ± 40 0.15 ± 0.02 25 ± s 

2SE 250 ± 70 020± 0.03 17 ± s 
3SE 310 ± 90 0.17 ± 0.03 28 ± s 

2S 230 ± 70 0.08 ± 0.02 19 ± s 
3S 290± 90 0.30± 0.04 18 ± s 

3SW 220 ± 70 0.21 ± 0.03 46 ± s 

5W 280 ± 80 0.19 ± 0.04 23 ± s 

2NW 100 ± 30 0.18 ± 0.05 17 ± s 
3NW 290 ± 90 0.15 ± 0.03 17 ± s 
4NW 200 ± 60 0.14 ± 0.04 23 ± 5 

5NW 230 ± 70 0.08 ± 0.02 25 ± 5 
6NW 120 ± 40 0.09 ± 0.02 23 ± 5 

Ba Bt 
(ppm) (ppb) 

27±10 18 ± 2 

28±10 13 ± 2 

17 ±10 8±2 

<100 24 ± 4 

Br Cd Cl Cr Cu F 
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

I 
19 ±2 320 ± so 2.9 ± 0.3 0.40 ± 0.04 
7.9 ± 0.8 230 ± 30 3.6 ± 0.4 0.30 ± 0.03 
S.O ± O.S 0.10 ± O.ot 420 ± 60 3.1 ± 0.3 0.30 ± 0.03 

15 ±2 280 ± 40 4.2 ± 0.4 0.10 ± O.Dl 
5.1 ± o.s 470 ± 70 2.8 ± 0.3 0.10 ± O.Dl 
9.9 ± 1 330 ± so 2.3 ± 0.2 0.10 ± O.Dl 

6.0 ± 0.6 <0.30 400 ± 60 1.4 ± 0.1 2.2 ± 0.2 0.10 ± O.Dl 

s. 1 ± 0.5 0.10 ± 0.02 260 ± 40 1.9 ± 0.2 7.0 ± 3.0 . 0.20 ± 0.02 
8.3 ± 0.8 0.20 ± 0.01 370 ± 60 3.6 ± 0.4 2.5 ± 0.3 0.10 ± O.Dl 

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

9.4 ± 0.9 4000 ± 600 4.1 ± 0.4 0.20 ± 0.02 

55 ±6 0.05 ± 0.01 710 ± 110 2.1 ± 0.2 0.70 ± 0.07 

41 ±4 460 ± 70 6.8 ± 0.7 0.10 ± 0.01 
9.7 ± 1 390 ± 60 5.2 ± 0.5 0.10 ± 0.01 

29 ± 3 <8.0 450 ± 70 3.3 ± 0.3 <15 0.10 ± O.Dl 
3.0 ± 0.3 250 ± 40 4.8 ± 0.5 0.20 ± 0.02 
3.6 ± 0.4 330 ± 50 2.7 ± 0.3 0.10 ± O.Dl 



TABLE A·IV (Coatioutd) 

Fe Li M1 MD Ni N03 Pb P04 Rb so4 Ti Zo 
Locatio& (ppm) (p.-) (pp•) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

2N 72 ±20 74 ± 15 <0.9 <0.6 4.8 ± 1.2 19 ± 2 

3N 110 ± 20 190 ± 39 8± 1 1600 ± 160 4.9 ± 1.2 1000 ±100 

4N 53± 10 100 ± 18 <0.9 2400 ± 240 9.8 ± 1.2 730 ± 70 

4NE 9S ±20 soo ±100 <0.9 820 ± 80 2.7 ± 1.2 1300 ± 130 

SNE 40± 10 220 ± 44 <0.9 2000 ± 20 3.8 ± 1.2 770 ± 80 

6NE 47 ± 10 ISO± 31 100±10 800 ± 80 1.6 ± 1.2 470 ± 50 

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

2SE 99 ±20 7.0 ± 2.0 1200 ± 120 130 ± 25 <0.9 <20 1400 ± 140 4.0 ± 1.2 610 ± 60 

3SE 130 ± 30 1.1 ± 0.1 1800 ± 180 190 ± 38 3.5± 0.5 50±5 1.0 ± 1.0 890 ± 90 1.8 ± 1.2 960 ±100 II± 3 23 ± 2 

2S 70±20 2.7 ± 0.3 1700 ± 170 150 ± 31 4.1± 0.5 <0.9 3100 ± 310 6.7 ± 1.2 650 ± 70 13±3 39 ± 4 

3S 150 ± 30 0.7 ± o.s 1600 ± 160 120 ± 24 62± 6 <3.0 1100 ± 110 <1.2 550 ± 60 28 ± 3 

3SW 120 ± 20 76 ± 15 130±10 1300 ± 130 <1.2 420 ± 40 4.0± 0.4 

5W 130 ± 30 58± 12 110±10 2500 ± 250 3.3 ± 1.2 360 ± 40 

2NW 94 ±20 77 ± 15 92± 9 3200 ± 320 3.3 ± 1.2 130 ± 10 

3NW 89 ±20 340 ± 70 120±10 1100 ± 110 1.5 ± 1.2 1100 ±110 

4NW 60 ± 10 <8.0 3100 ± 310 540 ±110 12 ±10 100±10 <99 1600 ± 160 4.6 ± 1.2 630 ± 60 340 ± l 00 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 5.8 ± 1.2 460 ± 50 
-
•Insufficient sample for analysis where no data are reported. Uncenainties represent analytical uncenainties. 
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T AIJLE A-V. Oak: Elemental Concentrations• 

Location 

2N 

2NE 

2E 

ISE 
2SE 

IS 
2S 

JSW 
2SW 

Location 

2N 

2NE 

2E 

ISE 
2SE 

AI 
(ppm) 

860 ±260 

300 ± 90 

As 
(ppm) 

B 
(ppm) 

0.44 ± 0.07 81 ± 8 

0.07 ± 0.03 62 ± 6 

Ba 
(ppm) 

He 
(ppb) 

nr 
(ppm) 

12 ± 1 

3.1 ± 0.3 

Cd 
(ppm) 

Cl 
(ppm) 

t:r 
(ppm) 

65 ± 10 3.5 ± 0.4 

200 ± 30 2.9 ± 0.3 

Cu 
(ppm) 

F 
(ppm) 

0.60 ± 0.06 

0.20 ± o.p2 · 

760 ±230 0.16 ± 0.04 69 ± 7 16 ± 2 0.34 ± 0.03 230 ± 30 2.4 ± 0.2 0.20 ± 0.02 

370 ±110 
650 ±200 

350 ±110 
580 ±180 

470 ±140 
210 ± 60 

Fe 
(ppm) 

350± 70 

190±40 

280±60 

0.20± 0.03 
0.13 ± 0.03 

48 ± 5 
63 ± 6 

0.10 ± 0.04 66 ± 7 

25 ±10 18 ± 2 
18 ±10 29 ± 3 

0.14 ± 0.04 79 ± 8 73 ±20 90 ± 9 

0.12 ± 0.04 48 ± 5 
0.14 ± 0.03 49 ± 5 

Li 
(ppm) 

Mg 
(ppm) 

Mn 
(ppm) 

430± 86 

220± 43 

390± 78 

Ni 
(ppm) 

5.3 ± 0.5 
3.4 ± 0.4 

5.3 ± 0.5 
5.3 ± 0.5 

5.4 ± 0.5 
2.2 ± 0.2 

N03 
(ppm) 

<0.9 

<0.9 

120± 10 

<0.20 
<0.20 

<0.20 

Pb 
(ppm) 

180 ± 40 0.31 ± 0.03 2300 ± 230 500 ± 100 4.8 ± 0.5 80 ± 10 <3.0 
150 ± 30 7.1 ± 0.7 2400 ± 240 550 ± 110 4.0 ± 1.0 110 ± 10 <3.0 

260 ± 40 2.2 ± 0.2 
360 ± 50 1.9 ± 0.2 

5.5 ± 0.6 0.10 ± {).()J 

7.3 ± 0.7 0.20 ± 0.02 

280 ± 40 6.5 ± 0.1 0.20 ± om 
280 ± 40 3.3 ± 0.3 8.1 ± 0.8 0.40 ± 0.()4 

380 ± 60 6.9 ± 0.7 
240 ± 40 6.4 ± 0.6 

P04 
(ppm) 

190± 20 

1900± 190 

Rb 
(ppm) 

so .. 
(ppm) 

<0.6 

230 ± 20 

0.20 ± 0.02 
0.20 ± 0.02 

Ti 
(ppm) 

Zn 
(ppm) 

2800± 280 930 ± 90 24 ± 3 I 8 ± 2 

1100±110 18 ±2 200± 20 34± 10 26±3 
1400 ± 140 26 ± 3 290 ± 30 

IS 140 ± 30 450 ± 90 100 ± 10 1800 ± 180 490 ± 50 
2S 210±40 5.4 ±0.5 2800±280 590±120 4.4±0.5 130±10 3.0±1 2500±250 5.9±1.2 990±II.XJ 30± 3 30±.~ 

ISW 
2SW 

240 ±50 
170 t 40 

500 ± 100 
870± 170 

190 ± 20 
120 i 10 

1600 ± 160 
J6(X) ± 100 

''Jn,ulliu<:lll sample for analys1s where no dala Me reponnl. lJnL<:IIallllles r~pres.:nl analylKal U!Kcnaul11es. 
----- -- - ---- -------- --=..:..::=:-.......:..._.:-... -~-----==----:_:_ __ -..:._~_:....::...::..-.::: ---------.-------------

250 t 30 
180 t 40 

--------
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Analytical results that are not specific for a 
particular compound (e.g., total organic carbon 
[TOC), total organic halogens (TO:X]) or results 
of insensitive analytical methods (e.g., analyses 
using portable field instruments such as organic 
vapor analyzers and other field screening methods) 
may be useful when considering sources of 
contamination or potential fate and transport 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 further quantitative use. 
These types of results, however, may be useful for 
qualitative discussions of risk in other sections of 
the risk assessment report. 

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 
uncertainties 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, ~he use of •proxy" (or estimated) 
concentrauons, and/or the elimination of certain 
chemi~ls from further 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 particular 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 particular chemical. A fourth 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 
(SQI..s) THAT ARE GREATER 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 RASor 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 (CRQI...s) 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 CRQI...s yields cancer 
risks exceeding lo-4, based on the same water 
ingestion factors. Most potential carcinogens with 
EPA-derived slope factors have CRQI...s 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 QI...s (i.e., using 
SAS) before an investigation begins (see 
Chapter 4). This is the most efficient 
way to minimize the problem of QI...s 
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., MCI...s). 

lYPES AND DEFINITIONS OF DETECfiON UMITS AND QUANTITATION UMITS 

Strictly interpreted, 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 proem below that level cannot reliably be distinguished !rom noise. 

DLs are chemical-specific and instrument-specific and are determined by statistical treatment of multiple lllalyses in which the 

ratio of the lowest amount observed to the electronic noise level (i.e., the signal-to-noise ratio) is- determined. On any given 

day in any given sample, the calculated limit may not be attainable; however, a properly calculated limit can be nsc:d as an overall 

general measure of laboratory performance. 

Two types of DLs may be described - instrument DLs (IDLs) and method DI...s (MDLs). 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 Cor 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 ol three to five is applied to the DL to obtain a quantitation limit (QL), which is considered to be the lowest 

level at which a chemical may be aCCIUlltely and reproducibly quantitated. DLs indicate the level at which a small amount would 

be "seen," whereas OLs indicate the levels at which measurements can be "trusted." 

Two types of OLs may be described- contract-required OLs (CRQLs) and sample QLs (SQLs). (Contract-required detection 

limits [CRDL) is the term used for inorganic chemicals. For the purposes of this manual. however, CRQL will refer to both 

organic and inorganic chemicals.) In order to panicipate in the CLP, a laboratory must be able to meet EPA CRQI..a. CRQI...s 
are chemical-specific and vaty depending on the medium analyzed and the amoatU of chemical apccted to be present in the 

sample. IU the name implies, CROI...s are not necessarily the lowest detectable levela achievable, but nather are levels that a 

CLP laboratoty should routinely and reliably detecl and quantitate in a variety of sample ma~ .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 reponed QL must in tum be adjusted. Therefore, SOLI, not CROL.s, will be the 01.1 of interest 

for most samples. In Cact. for the same chemica~ a specific SOL may be higher than; lower than, or equal to SOL vaiUCII for 

other samples. In addition, preparation or analytical adjustments &uch as dilution of a sample Cor qua~~titalion of .. an extremely 

high .level of only. one compound could result in non-detects for all other compounds included. as analytes · for a particular 

method, even though these compounds may have been present at trace quantities in the undiluted sample. Because SOLI tate 

into account sample characteristics, sample preparation, and analytical adjustments. these values are the most relevant OLs for 

evaluating non-<letected chemicals. 
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EXAMPLE OF HEALTII RISKS FROM INGESTION OF WATER CONTAMINATED 

WITH SELECI'ED CHEMICALS AT THEIR QUANTITATION LIMITSO 

CRQLor Cancer Risk 

Clemical CAS# -CRDL (ug/L)b .CRDURfCC · at CRQL or CRDLd 

Antimony 7440-36~ 60 4.3 
Arsenic 7440-38-2 10 Sxlo-4 

Benz( a )pyn:nc 50-32-8 10 ~m-3 

Bis(2-Chloroetbyt)ether 111-44-4 10 ~10-4 

2,.4-Dinitrotoluenc 121-14-2 10 2110-4 

HctachJorobenzellc 118-74-1 10 Sx1o-4 

N-Nitros<Hii-n-dipropylamille 621..64-7 10 2tlo-3 

PCB-1254 11096-69-1 . 1 1Xlo-4e 

PCB-1260 11096-82-S 1 2x1o-4 

Styrene 100-42-S 5 4xlo4 

Vmyl chloride 75~1-<4 10 7xto-4 

a All values in this aample m:. for illustration purposes only. 

b CRQL = Contract-required quantitatioo limit (organics) of the Contract Laboratory Program (revised April 1989). 

CRDL • Contract-required detection limit (inorganics) of the Contract Laboratory Program (revised July 1988). 

The CRQL and CRDL values ~ bere are for the regular multi-media multi-<enc:entration CLP methods. 

c RfC - Refereooe conceutratioo (based on the August 1989 reference dose for oral exposure. assuming a 70-k.ilogram 

adult driDb. 2 liters oC 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 c:xposure. assuming a 7G-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 QI...s in 
panicular 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 SQI...s 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 Ql..s 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 IDGH SQLs 

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 SQI..s do not 

EXAMPLE OF UNUSUAlLY IDGH 
QUANTITATION LIMITS 

lD this example, OODCICiltralions of remiYolatilc organic 
chemicals in IOils have been determined uaing the CLP"a 
RAS. 

Olemical Sample 1 Sample 2 Sample 3 Sample 4 

Phenol 330U8 390 19,000 u 490 

• U • Compound wu aDalylcd for. but DOt detected. 
Value presented (c.,., 33G U) if the SOL. 

The Qu praemcd m tJUa examPle (te;; 330 ~ 19,000 
U&/k&:) vary widely Crom umple to ample. SAS would 
not aid in n:duc:m, tbc UJIUIUIIJy higfl QL oC 19,000 
ug/kg noted in Sample 3, AIIWDiDc it waa due to 
unavoidable matril interfercax:e:L In lhil auc, the result 
Cor phenol in Sample 3 would be c:limiaatcd • flam the 
quantitative risk as.ccoumes~t .bccaule ll.tvould cauae the. 
calculated etpOIUte ClODCelltntions (froin Oapt« 6) to 
cm:cd the. maximum detedccl. aliiCCDuadaD (ua dais 
case 490 U£/kl);•. 'l'll1a,. the data let would be reduced···· 

.. to thr=aamplea: .the llOIMictec:t in. Sample 1 and the. · 
_, detected wJuea in Sampict l UICS -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 SO:ME 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 that 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 SQI..s). 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 SQI..s 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, MDI..s, CRQLs, or 

even IDI..s may have been substituted wherever a 

chemical was not detected. Sometimes, no 
detection or quantitation limits may be provided 
with the data As a first step in these situations, 
always attempt to obtain the SQI..s, 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 SQI..s 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 res~.Its. 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 or 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 

QNQC 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 lYPES OF QUAUFIERS 

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 



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 
CONSIDERATIONS 

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 chemicallkg 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 
pathwav should be selected so that the 
combination of all intake variables results in an 
estimate of the reasonable maximum exposure 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 uncertainty associated with 
any estimate of exposure 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 
con.Servative estimates of exposure time. National 
statistics are available ori 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. Ufetime 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 miniiiliZed. 
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 opinion 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: 

cs = 
IR = 
CF = 
FI = 
EF = 
ED = 
BW = 
AT = 

Intake (m&fkg-day) = CS x IR x CF x Fl x EF x ED 
BWxAT 

Chemical Concentration in Soil (mg/kg) 
Ingestion Rate (mg soil/day) 
Conversion Factor (10 -• kg!mg) 
Fraction Ingested from Contaminated Source (unitless) 
Exposure Frequency (days/years) 
Exposure Duration (years) 
Body Weight (kg) 
Averaging Time (period over which exposure is averaged - days) 

Variable Values: 

CS: Site-specific measured value 

IR: 200 m&fday (children, 1 through 6 years old; EPA 1989g) 
100 m&fday (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 

FI: 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). 

11 &e Section 6.4.1 f11Ul6.6.2for a discussion of which variabk values slwuld be used to calculate 
~ reasonabk marimum exposure. In general, use 95th or 90th percentile values for contact rate 
and exposure freq~Uncy and duration variables. 



8.2 QUANTIFYING RISKS 

This section describes 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 

Cardnogenlc eft'ects. 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) 

Guide/W.s for Carcinogen Risk Asstssmmt. 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-<:ase basis. 

The slope factor (SF) converts estimated daily 
intakes averaged over a lifetime of exposure 

directly to incremental risk of an individual 

developing cancer. Because relatively low intakes 

(compared to those experienced by test animals) 

are most likely from environmental aposures 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 discussion 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 carcinogenic 

risk equation is usually applicable for estimating 

Superfund site risks. This linear low-dose 

equation is descn'bed in the next box. 

LINEAR LOW-DOSE CANCER 
lUSKEQUAnON 

. JUsk - CDI x SF 

. .. . 

Risk .lc a unitlas probability (e.g., 2 x 
10"5) of u: individllal developing 

CDl ~ daromc:daf.lyinta.ke averaged over 
•. 1() •)'Ql'l··· (JD&ikl-4ay); and 

SF ~ •• fldor. expressed in (mglkg­
c~ayyz. 

'l1le (DIIItidoftdtlrd 1e Bdlibita. 6-lllllroQP 6-19 and 

6-22 ad diet SF illdcllllilkd ill Emibit 7·3. 

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 experimental animal data 

used in the multistage model, the carcinogenic risk 

estimate will generally be an upper-bound 

estimate. This means that EPA is reasonably 

confident that the •uue risJc:- will not exceed the 

risk estimate derived through use of this model 

and is likely to be less than that predicted. 

Noncardnogea.lc effects. The measure used to 

desaibe the potential for noncarcinogenic toxicity 

to. occur in an individual is JlQ! expressed as the 

probability of an individual suffering an adverse 

effect. EPA does not at the present time use a 

probabilistic approach to estimating the potential 

for noncardnogenic health effects. Instead, the 



ONE-HIT EQUATION FOR IDGH 
CARCINOGENIC RISK LEVELS 

·RGt·.~ •l· ~-Cl?rism .· 
· where: 

CI>1 ~ clu.~~~ ~ ~tak~ aW~g~: <.· ... 

over 70yc:arS (mglkg~y); and·· 

SF = slope factorJ~ (~~~oday)"l. 

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 
E/RID exceeds unity), there may be concern for 
potential noncancer effects. As a rule, the greater 
the value of E/RID above unity, the greater the 
level of concern. Be sure, however, not to 
inter.pret ratios of E/RfD as statistical 
probabilities: a ratio of 0.001 does not mean that 
there is a one in one thousand chance of the 
effect occurring. Further, it is imponant to 
emphasize that the level of concern does not 
increase linearly as the RID is approached or 
exceeded because RtDs 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 = E/RfD 

where: 

· · · ·· E.. = exposure kve1 (or intake); 

RID= reference dose; and 

• E · andRfD. are expressed in the same 
<:• units · andrepre!ent ·the same exposure 
• < period (Le~ ehronic; subchronic, or 

s~:wr.ter~tenn). ··•··· .. ·.· . 

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 Assasment 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 ~ 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 for 
combining risks which accounts for the joint 
probabilities of the same individual developing 
cancer as a cons~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 
MULTIPLE SUBSTANCES·• 

·.· RlstT = .~ .. Riskj 

where: 

Rist.r = the total tUC« risk, expressed···· 
· as a utti~prcibability; and 

...... ·····.·.· .. ·.. . . 

... . . ·· ·.·· > .... ·.··•··•••••••· .•..•••••.. ··.·.·· ... ·.·· ·· ... · .. • dt = the riSk estimate. for the . j--. 
~bSlanc<i < ..... 

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 aU 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 expressed 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 
artificially 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 aU 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 
niore than one chemical, a hazard index (HI) 
approach has been developed based on EPA's 



(1986b) Guidelines for Health Risk Assessment of 
Chemical Mixtures. This approach assumes that 
simultaneous subthreshold exposures to several 
chemicals could result in an adverse health effect. 
lt also assumes that the magnitude of the adverse 
effect will be proponional to the sum of the ratios 
of the subthreshold exposures to ac:x:eptable 
exposures. The hazard index is equal to the sum 
of the hazard quotients, as described in the box 
below, where E and the RID represent the same 
exposure period (e.g., subchronic, chronic, or 
shorter-term). When the hazard index exceeds 
unity, there may be concern for potential health 
effects. While any single chemical with an 
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 chemical 
exposure exceeds its RID. 

NONCANCER HAZARD· INDEX······ 
. ··::::::.;.:-:: :.··:.::······ 

Hazard.lndex ·= Ez/RfD1 + E.21R102 +·.-. · .. + E;/RfDt .··· .. · · .. 

where: 

= exposure 1evel{or jntake) fur 
the i!h. toxicant; \ . .•··. .. . 

RID; = r~fer~ d~ tJ~ i~ ~ :: · > 

toxicant; ·and 

E and RfD are expressed ~ ~c;;:.meH . 
units and represent the same <exposure > 
period (i.e., chronic, subcbrollk:;. o.r •. ·· 
shoner-tcrm). · ·· · · · · · .· · · ·.·. · 

It is important to calculate the hazard index 
separately for chronic, subchronic, and shorter­
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 
eJgK>Sures. 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 (CDI) 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. 

... .. ·.·. 

···•········• ClJRONIC NONCANcER IIAzARD 
INDEX 

Chronic·· 

.··•···• .. flazanlJn~·~·.CDIJIRfDt +· CDiiRfJ)2 
) . ·>. ·) ; < +.~·7·CDI,/RtD; 

· CDir ~ cllroniC daily intake for the irh 
· toxicant. in mglkg-day, and 

RID; = chronic reference dose for the 
fh toxicant in mg/k:g-day. 

The CDHs idQrtificd in Exhibit~ 6-llthrough 6-19 
·lllld 0..22 and die RID a idCutWed in B:dlibit 7-2. 

(2) Noncarcinogenic effects -- subchronic 
exposures. For each subchronic exposure 
pathway (i.e., two week to seven year 
exposure), calculate a separate subchronic 
hazard index from the ratios of the 
subchronic daily intake (SDI) to the 
subchronic reference dose (RID.s) for 
individual chemicals as described in the box 
on the next page. Exhibit 8-4 provides a 
sample table format for recording these 
results in the "Pathway Hazard Index" 
column. Add only those ratios 
corresponding to subchronic exposures that 
will be occuriing simultaneously. 

(3) Noncarcinogenic effects - less than two 
week exposures. The same procedure may 
be applied for simultaneous shorter-term 
exposures to several chemicals. For 
drinking water exposures, 1- and 10-day 
Health Advisories can be used as reference 
toxicity values. Depending on available 
data, a separate hazard index might also be 
calculated for developmental toxicants 
(using RIDms), which might cause adverse 
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many c.aaa C01lt4mina'tian from 
S WMO. wi!! grea dy nceed actron 
levels. The Agency befievn thwt the 
dinrsity af SWMUt and contaminlltion 
scen.ariot c.aHa for aomw dbaet1on in the 
requirement to perform .ltau.ticaJ 
analyMI. For nample. m IO'IDe 
11tuat'on.a. contamination &om a SWMU 
may be known to be extemiw in aize 
and concentration. In auch Sltuationa. 
atati~cal anal)"'el are not needed to 
determine that an action level bu been 
exceeded. In other aituationa. a 
contam:iuant releue at a SWMU may 
not be exten.rve enough {eithft' in size 
or concentration) to c1aarly indicate 
coataminatioa. bl fhete c.aaee. a 
atatiatical tnt may be required to 
determine tf a releate baa actually 
OCCW1"8<lln e:~a:e• of action levels. The 
Agency reque.u comment on ita 
propoeed approach of proridfnl 
di.ac:rwdoll to the Repmal AdmiD.inwtor 
in requis tua Jtatiltical anai)'..., and oa 
the ahmlalin of m.aldq auch an.aty.H 
manct.to17 m determi:Dizlf whether 
action '"-ia ban been exceeded. 

The ApnCJ examined bat did not 
propote two altemativet tD ~ tbe 
Corrective Neuure StudJ which clid not 
lnvoln the UM of acUoo leveia. Under 
one approach. the AlfiAC1 would have 
required 'the P.f11Dittn to condact a 
Correct1n Meuure Study c:ouc:az:%Wntiy 
with the remediallatettiptmw 
conducted pamwrt _, I 2&1.510. u.der 
drla optioa. the Apat:J woald haw UMd 
the aaw trlger for reqairtDI a CM5 u 
ia UMd to require m RPJ-4he f!ndlnl of 
an extatms or 1ibty rwl .... pumw:d to 
an R.f';6.. Tbia aitmwtin W'R rwjected 
bec:aue of tt1 potmtta for reqatrtac 
unneceuary ltUdieL 

The MCOftd alt.utin c:onaidered bJ 
the AprJI:J would bave requirwi 1be 
pcm.ittee to coaduc:t a Colftc:IIM 
Meuure Stud:r oa!J dter campldoo ol 
the Nmedial blnttiptiaa coaduct8cl 
purnant to propoMd I 28U10 aad a 
determ!D.atiaa of the need ao proted 
human health a.od the atiNiuiMDL If 
the AaenCJ bad adoptM 611 appaoac& 
it would not have~ pamttiH 
to conduct a CM5 IIDd • 
conta.mination and c:c..._.,., 10an:a 

at the faclllty w.re fair IIIR-=tad:wd 
and the need for coiNdlte .....- at 
the fac:iWJ wu at.bl'""""- Tbe A.-q 
rejected the altematiw becauM of tile 
delay that would be aaeoctat.d wttll 
conductint thete pbuet of the 
inveatiJationa aequentially even in ca ... 
where early data uulk:ate thai 
rem.edia tio1l il biahlJ lfbtJ to be 
requirwd. 

The AIWCJ abo examm.d altft'Ditift 
approachet fot tetftnl actioal.enla. On.e 
altemattvt would han required a 

Cornctive Meas1II'1! Study whenever 
background lneb of contaminantl were 
e:w:e2edfd. Experience lD the rubpart F 
program hu demortJtrated !bat the 
dete':-arin.tron af background !nels c.n 
be a Hmgtby. corrtroveraial procen. 
Furthermore. b~ Ieveli will 
often be muc:illowft' than hea.lth-boued 
levela. Thus. thi1 alteruatin wu 
rejected. Iince It rmpt delay tbe 
Initiation of the CMS and altimate 
cleanup. and might often require 
Correctin Mtaaure StudiH nm where 
level• W'ftW risnificaady below heaHh 
and nmronmental-bued .t~ 

A ucand altematiYe would have 
required a CM5 wbenevft' detection 
limiU were nceeded. 'J'hH attemattYe 
waa at.o re'jected.lince detection bmita 
can be dHftcatt to deftne IIIIIICl do Dot 
diractiJ reiata1o the p ofcorrecti" 
actioa: tha t.. protec:ttoa of bumu 
health and the mTtron:mnt. 

The A8encr aJ.o conaidered but did 
not adopt an attem..u ... far reqlZi:dq 
the Correc:tin Meaa\ft St1IIIJ drat 
would involve dae UM of a ranp al 
actiaa lrrttt.. lbier tbta approec:js. the 
A3mCJ woWd aelect coa.titaeut­
•pecific actioa lenla w1dliD the 1 x r• 
to 1 x1o-Ttlk ranp buft on the 
expotUA acenaria. propo.d ~ 
ttZM.m (a}(Z). (bl. (c)(3J, md {d). 
dependiq oa1be llblihood that 
exponre wouhi m fact OCC1ZE. For 
example. tf U. A.-:7 C01IJd be 
conviDced 1hat there s a minimal 
oppor:tmitJ for hum.aD np rw ~ 
ona medium or eenn11Udta. &D adloa 
level could be utabUsbed .t the 1 xtcr• 
riak t.nl. l1rla att.em.ttve .... 
coMidctd becaUH the ApDtt:J il 
coacemed about the poeliblllty 1bt 
101M SWMUt JDi1bt be tdgaad lllto a 
CMS at the 1 x..-1nwt.,... Cboqb 
tbeJ do not poM. 6rat to lmm.m 
h..tth ad tbe ~ .. tD. 
lack "'carrat IIIII Iow ~atiJ ol 
future aptWI'W. A!dloaP It tl1be 
Aatmt:J'• 'riew tUt tDI ptopowcl 
replatlaal haw caoap ftatbfthr • 
avoid requ1rtl!t a Co!nc:UYa Nlanrw 
StudJ wbare it il DOt nac:nMf7, tbe 
A,.,.:r il rwqueatizll COIIIDiat ca 1be 
UM of a 1"m11 of actioa tn.iL 

The ~CJ b ..... tbe approach 
propoMd lA tDdaJ'• - praYtda tt wtda 
the flcdbUlty to rwcaut-.. permlttlte tD 
lnvntiptl comc:ttvw IDIUai"M 
aumc:tendy early (wla&thtr 
et.muftaDeoUiiy wUb tba 1ft ar 
uqaeattally) ID tbe corrective act. 
procea. whJ1. miatmizin~IM potaatial 
for ll%1MCetMrJ ~ 
E.xpctmc:e Ia tba Saperflat prosriUil 

•uaata that HrlJ ~oa o1. 
potmtial remadiet allcnn facuMd 
invnt:tptionl and prn1JDb delaya · 

wttbout impoatng unnecnn.ry :"1!10\J.!"'Ce 
bu.rden.a on ~ the ~ or the 
Agency. 

b. Critma fr7r ~iT7J Action 
Ll!VTJI•. in ft"Yer-.1 ceJH. ~A hu 
promulpt.ed beahh-bued atlmd.mia 
appropr;m for actioa MnW far ~Clfic 
media. ~ tUM etandat da an 
availabte. ~ intendl to I%M them u 
actioll -.e~a. The ID08t obnoaa of theae 
are muimum coutaminant Wreia 
(MO..), w4lic:b ~~water 
ftandarda mder the Sde OMki.nt 
Water Act (SOWA). EPA will UM theae 
atand.arda to Ht ec:tioe Hroifl. for ground 
water. &ad. • ~ caaa for IU.rlac.e 
wat& 

In the tw~ ...;ority of 
cu.e. aow ...... promlllpt.G ~tan card. 
wtJ1 •• be •ailabl& ~evw:thelesa. 
healtiHte_.lenla tMt '-" andargone 
extenaive .a.nt:ik rniew. blat which 
have nat be. frxmdy p~ad, are 
aniillble tor sur~ The 
AaenCJ il I I . Ql to0er ia 
I 2M.all(~ C1Htwi czoi.tam whtt.h 
-~ .. .,..,... Admt-i..,.or to 
u. ncDWJD-praamipt.d ..W .. bued 
levela to derive action lev• 

<::oeomtraiCIIIII ~ m:. aca­
prom~11Mita-M.aed..,... that 
meet .... ....._.,_ mbfta iadwded 
in tedllr'• J 1 a eal..U be ued for 
K1liae ...... Fat. tJ. CQDC&IItntiOil 

a..t .. ....._. ia a mano. OOOiilt.mt 
witil prinrifl• w poc:.iuree Mt forth 
in Apmr pW.U... for &.IMIIlns the 
hultJI nab.,-~ polWtanta. 
wb:Ja .... puh'WhH • .-e F.a..l 
I e' ._ • S.••rb. M. 1Q81 (51 FR 
33882. 340QI, MOHo ~ s.cooQ, 
toxtc:caWw ~ 1-.d 110 d.trin action 
lavels aut b. acftnt!DreUJ valid. 
t:cwdaac:a4 Ia ...-danca wida the Good 
LabcntarJ Pr.actica St.a.ndarda { 40 CFR 
put~ at llquivaleaa. n. Good 
I..aboralar7 PNctice Sta.odarda prMCribe 
IOocllabontarr ~ for CODducnn, •tudi• 1"11-.d .. bee.ltla ttfecta. 
eQYiron••tal eftectl. &Dd cbemical fatAl 
--ud .. Jatandact ta .. 'lim 
qualitJ data olllllalrtty. Thl1nid eli on 
are for eaaurm, I(Mntiic.al.lv v alld 
atudia. Md &leo may be UHfu1 u 
,wda.aca. 1D addiloa. the Apacy 
.,.UdeliMI for a.....m, t.M health riaka 
of-~ l)Oilutanta {dtad 
abaft) en. anw.1 publlc.tiona which 
o.clbM ptoc:wdiidi for avalutlnletudiea 
for leiadftc acS.quacy ami ltatietical 
~ 11lild. conc:etrtration.a uatd 
u ac:t1cm '"-II Ja1Uit (fm cardnoven.a) 
be~wtth.a1X~ 
upperbuaDd acne cancwr risk for Clast 
A md I c:adDopDa. ud a 1 X 11r1 

uppwbwad acne c:anar mk for Clan 
C c:attJwwew. l'mally. far ryatl!mic 
toxicant. (r-.fwnb::ta to taxlt: chemical• 
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that caUM effects other than cancer or 
mutation.t~ the action level mUJt be a 
concentration to which the human 
population (includiot Mnaitive 
subgroups) could be exposed on a dally 
baaia that is likely to be without . 
appreciable riak of adverse effecta 
during a lifetime. These criteria are 
similar to thoae upon which promulgated 
health-baaed atandardt and criteria are 
baaed. Action levela derived accord..ing 
ta theu criteria repreaent valid. 
reaaonable eatimatn of levela in media 
at or below which corrective action ia 
unlikely to be necesnry. 
~ mentioned previoualy, guidance 

levela are available for many chemicala. 
Appendix A of thia preamble lilts 
concentration.t for aelected hazardoua 
con.ttituenta in water, aotl. and air which 
the Aaency bellnet meet thne four 
r.riteriL EPA ntablitbed theH 
concentntiona by an aaHHment 
proceu which evaluated the quality and 
weisht-of-.vidence of aupponint 
toxicological. epidemiolosfcal. and 
clinical atudiea. and which relied on the 
expoture UIUDlption.t In appendix D of 
thia preamble. 

The Apncy't approach to aaMutnc 
the rialtl aaaodated with IJ1temic 
toxicity it different from that for the 
rialta auodated with c:ardDotenicity. 
Thia l.a bec:auae cWferat mecb.aniama of 
action are tboqht to be involved in the 
two ca..._ ln the cue of~ 
the Apncy uaamn that a IDI&l1 
number of molec:ular eventa can evoke 
chanttt in a ainl!e ceU that can lead to 
uncontrolled cellular proliferation. Thit 
mechaniam for carctnoaen..U ia 
refernd to u "nonth.retbold." aince 
there it eueatially no level of expcMUN 

for auch a chemical that cloet not poM a 
smalL but ftnite. poeeibility of paeratiq 
a cardDopDtc: reepoa.ae.JA the caM of 
ayatemic toxicity, ortanic bomeottatic. 
compen.aatfnl, and adaptift 
mechani.ama exiat that must be 
overcome befon tbe toxic tad point II 
manifested. P'll' ex•mpk tiMN could be 
a larp num!Mr ol ceiJ. performiDc the 
aame or ai:nilar r-.u- whole 
p-:~pulation miiM be :z::atlJ 
depleted before die 11--. 

The t.bresAoJd CQDCipC II fmportut ill 
the reculatory COGwxt. Tbe IDdlvtdu&l ~ 
thrnbold hypotheU bolda that a ranee 
ilf expoeuret from uro to tOCU ftnite 
value ca.a be tolerated by the orsaniam 
with HMDtially no chaDce of expreuion 
of the toxic effect. PW'tMr, it Ia often 
prudent to focua on the moet MDaitive 
memben of the popu.latioa: tt..fore. 
replatory efforta are purally made to 
k"lJ expoauret1 below the population 
th.rHhold. which La defined aa the 

lowest of the thresholds of the 
indivtduall within a population. 

Thua. for the chemical• on appendix A 
w.hich cauae aystemic toxic effects. the 
Agency haa eatimated reference doaea 
(RfDa). The RID ia an eatimate of the 
datly exposure an individual (includina 
senaitive individuala) can experience 
without appreciable risk of health 
effects during a lifetime, and ia 
consistent with the threshold concept 
described above. 

For the chemicala on appendix A 
which are believed to e&UH cancer, the 
Agency has eatimated carcinogenic 
slope factora {CSFa). Since the Ajency 
asawnea that no 1uch threshold exiatl 
for carcinopa.. the isaue to be reaolved 
in health aaaeaements of carcinopn.t ia 
the probability of the occummce of an 
effect. The CSF, or unit caocer riak. ia aa 
estimate of the exce11lifetime riak due 
to a continuoua conatant lifetime 
expo1ure from one unit of carcinopnic 
concentration {e., .. rq/'q/day by 
ingestion. utJ/mJ by inhalation). 
Chemicala which cauae cancer and 
mutationa aliO commonly evoke other 
toxic tffecta. Tbua, en R.fD and CSl' lll&J 
both be available for a •inlle chemical. 
In th"' e&Ma. the level which L8 lower 
(more protective) ahou1d be uaed aa an 
action level. Generally, the protective 
l~vel for cancer will be lower. 
For~ EPA believn that 

action levela c:orrapoadiq to a 1 x tcr• 
riak level (or txtcr•ror Clue c 
carcinopaa) pnerally are appropriate. 
Tbia ia at the hiaber protective end of 
the to-• to to-• rt.ak ~ {S.. 
diacuuion in aection VU'.a of today' a 
preamble.) Ualnt a value from the hi&h 
end of thia rante IDI1ll'n that the 
hazardou conatitueata ~ out at 
t!ll.a point are tboee for which corrective 
meuuree are UDlikaly to be necetMlJ. 

Ia adopdac tbe 1 X liT' • to 1 X to-• riak 
rante for thll propoeed ruLe. the Aaaq 
recopJad that txtcr•riak 1eve1a of 
conatituatl may aot be protective at all 
sit ... due to maJtiple coaatituatl. 
multiple expon.re patbwaya. or other 
ai~c facton. 

Thua. the altematm of establiabiDc 
acttoaa lrteU at the low.r protactrte 
end of tbe ri1k rante (..,.. 1 X liT', wu 
rejected amce it would be too 
in.Malitift • trftlll'-i .... it would fail .. 
require a Cornc:tive Meuan Study at 
aome lit• wtdcll may poM a threat to 
bumaD heelth aad the~ Tbe 
Apncy beUna that the Mlectad riak 
levela are reuoaable pointa to ntabliU 
action lnela for~ 

SectioD 2&UZl(aHZKWl providee 
aome n.xibility to the Rttfou.l 
Ad.miniatntor to conaider the ovenll 
weijht of evidence of carcinopnicity in 

setting action level.a for carc:.noger.,. 
EPA haa •XJJlained ill clauaiicauon 
scheme for Cl.l'Cl.Ilogen.t based on the 
weight of evidence for carcinogeruc•t) 
ill cancer guideline. (51 FR 33992). The 
conatituent concentration& proVlded as 
example action levela in appendix A 
reflect this approach. ln thit table, 
known or probable human carcinogens 
(known aa Claaa A and Clau 8 
caranosena. reape<:tively, under the 
Agency guidelines) an liated at a 
1 x to- • risk leveL whereaa 
concentntiona Uated for conatituents Co 
which the wei3ht of evidence of 
cudnopnicity ia weaker (known u 
Cla11 C. or pouible human carcinogeru 
under the A3ency'1 guidtlinea), 
correspond to a 1 X 10-• riak level. Somt 
expert~ have arsued that it ia 
inappropriate to weight Claaa C 
carcinoaena in thia way, and that all 
aubttancea claui.6ed aa carcinogens 
ahould be wei3hted equally, whereas 
othera &f'I\M that Clau C carcinogen• 
should be weiibtad more beav1ly (i.e .• 
more atrinpntly) beca.UM of the greate. 
uncertainty anociated with the limited 
evtdauce of their carcln0f8nicity. The 
Apaq aollcita comments on how it 
ahould handle a ... c carcinogen• in 
Mttiq action levela. 

Many of the R1Dt and CSFa uaed to 
dertve the concentratiOn.t U..ted in 
appeDdix A are available through th· 
lnt.srated R1ak Information Syatem 
(IRIS). a oamputer-houaed. electronic•. 
CODUD1Ulicated cataloaue of A,ency ns 
allftlmt!lt and riak management 
information for chemical aubatancea. 
IRIS ia deflcned especially for Federal 
State, and local environmental Ilea: th 
qeacin •• a 10~ of the lateat 
information about A3ency health 
a .... l"'ftl.ta and resuJatory diClaiona 
for apecillc c:bemicala. rro utabliah ar 
IRIS ICCOUDt. call Dtalcom at {.Z02) 483 
0550.) Tbe riak ......ment inlormatior 
(i.&. JUDe and CSFa) contained in IRI!! 
except u apec:iflcally noted. baa been 
rntewed and qreed upon by intn­
AIIDCJ review aroupa. and rapresents 
~ c:oDMDaUa N EPA work,ing 
aroupe CODtiaue to review and venfy 
ri.ak UUIIIM"~ values. additional 
cbemicala aad data componants will t 
added to IIUS. IRIS lwdcopy will be 
available tbroqb the NatioDal 
Tedmk.allafonutioll s.mc. (NTIS). 
addittaa. BPA will routtD.ely update 
eppeDdlx A u new data OD huardow 
c:oaatituata are developed. 

c. Actioa tn./6 for Ground Water. 
Propoeed I 26U21( a) "tablithee acti 
levela for pwnd water in aqui.fen. B) 
IPidfJtDI the term w aquifer" In this 
c:OataXt. the AcencY i.n tenda to de fi. 
broadly the type of VQund-w Iter 
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contamination aituatiOlll that may 
require Comtctive MeuW'tl Studies. 
while triggerina auch atudiea only in 
aituationa where actual ground-water 
cleanup ia a reuonable remedial 
approach. 

The Agency considered uaing the term· 
"uppermoat aquifer." but decided that 
tlus would limit its flexibility in 
addressing contamination in lower 
aquifera that are not hydraulically 
connected w1th the uppermost aquifer. 
Such a situation could arise ii waate 
were leaked from the casing of an 
underground injection welL Thua. the 
wording of I Z64.S21(a) will explicitly 
allow the Agency to addreu any auch 
unusual instance• where solid wute 
management unita have contaminated 
ground water that It not ln an 
"uppermoat" aquifer u defined ln 
I Z&UlO. 

The Agency aao conaidered not uaing 
the term "aquifer" ln I 264..ul(a). 'I'1n. 
would have required Corrective 
Measure Studiea for ground water to be 
performed even when the ground water 
is of negligible uae u a resource, auch 
aa a amall pocket of soU which become• 
saturated only episod.lcally. Although 
contamination ln any taturated zone 
that could act u a pathway traoaportiq 
contaminants to aquifen coul4 be a 
concern. the A,ency would i:!:<end to 
addreaa thoMiituatiooaln the context 
of aettin3 action levela for IOi1a ( ... 
I Z64 • .m.(d)),lncludiq "deep soila" that 
could act a1 a ground-watar 
contaminant pathway. 

EPA has. under a number of atatutn, 
promulgated atandardl and criteria 
relevant to protection of envtronmental 
media. Amona the moat important of 
these are maximum contaminant levela 
(MCLa) promulgated under the Safe 
Drinki.na w. tet Act ( 42 u.s. c. MCt1oD 
JOO(f) et uq.). which ban ben 
incorporated lnto tbia rule u actloa 
levela for ground water under 
I Z64.521(a)(t). MO.. promulpted under 
the Safe Drinkina Water Act are 
maximum concentratioaa of 
contamin&.ntl allowed ill ..-DMd for 
drink.int (tee appendix BJ, 1"-11M ol 
MCLa for action levtla • GGMtltat wtth 
current RCRA ground-waw prvlld1oa 
standa~ (40 CFR put »>.tabput P). 
which Mt the lnterim primaiJ driDJdDt 
water ataodatd.l (MC..) for tt 
coiUtituentl (which exitted at the time 
subpart F resuJ,atio01 were promulaated) 
as ground-water protection atandarda lD 
the abMnce of anothft AleDCJ dec:ilion. 
Cumtntly there are 34 MQ.a 
promW,ated. of which tix are 
microblolostcal contaminants, three are 
rad.ioouclides. and 25 are orpnic and 
inorganic contaminenta; the MCLa for 

the chemical contaminants an Uated in 
appendix B. 

Where Meta an available for a 
particular corutituent but the ground 
water at a ftte il not currently uaed for a 
drinking water aupply, and il unauitable 
for uae as a drinking water aupply in the 
future. MCLa will a till ordinarily be uaed 
as action levela (i.tt .• to require a CMS); 
however. cleanup to the MCL might not 
be required (see section VLF.5 for 
discuuion of media cleanup atandardt). 
The Agency ia perauaded that. in cuea 
where ground water 11 contaminated at 
levela above action levela. further atudy 
Ia necessary (tt.g .• to malta aure that 
sourcea of releuea are controlled). 

Where MCI.a have not been 
promulgated for huardoua con~tituenta. 
EPA would develop levela accordJna to 
the criteria apecifled ln propoMd 
t Z64.S21(a)(Z)(!Hlv) and deteribed ln 
detail above in thil preamble (,.. 
section Vl.E.2.b). In thil analyais. the 
Agency would uae the atandard 
expoaure ueumpti0111 of two Uten a 
day for a 70 ldlosram adult over a 70 
year lifetime ( ... appendix 0). 
assumption~ that are uaed extm.aivelr 
throughout EPA and other qend ... 
Appendix A U..tllevela th&t were 
developed for water by the ApDCJ 
accordfnt to th ... prindpld aDd which 
the Aaency bellevn would be 
appropriate for ground-water action 
Ieveli. In addition. propoeed (but not Jet 
promulgated) MQ.a would a1ao typically 
meet the criteria propoeed Ia 
t 2&U%1(a)(2)(1Hiv) and could aerve u 
ground-water action lent.. 

Where data are in.tulftdmt to develop 
action levela accordinc to theN criteria. 
the Apncy would ntabu.h lne1a · 
accorc:f.l.nt to the procedures ill proposed 
I2&UZ1(e). which an detcribed ill 
more detail in Mction VLUc of thit 
preamble. The~ IOUdta COIIUDftt 
01l the propoaed approach aDd 
alternative approacha to 11tablilh1nc 
action lenla for lfOUDd water. 

d. Action uveJ. for AU. Pr'OpoMd 
l2&1..m.(b) ldentifl• criteria lor 
ntabllahiq action levtla for air, 
aiiUJDinltxpo.IUI'I throqb l.nhal.ation of 
air contaminated with the buardoUI 
CODitituenL Appendix A U.ta poNible 
action levela that meet theM criteria. 
The A.-DCJ UMd theJoUowmt 
proceduret to develop CODCIDtratioDI in 
a.iz !ilted ill appendix A; 

Noe. Append!• A. ectioa leYele are 
c:w'TWfttly tu.. ucbaain!J &a. dw IRIS 
data bue. &Dei dneloped uaiDt oalJ 
procec:hua 1 and to tb.t. appeadlx wtD be 
modified to iDclllde ott. bHldt-buld 
DWDben DOt c:mm1tfJ 011 IJUS. cJ.rind froa 
proc:adUNt I aad 1 T1Ua '- CIOUiltftt wtdl 
~111 Superfund P"ctiC. aad policy. 

1. Where an Agency-venfied health. 
based intake level for inhalation (e.g .. 
RID) waa available, that level was uaed 
to calculate the con~ntration i.n air. 

Z. Where an Agency-veliiied level (as 
in (1). above) waa not available. a level 
based on a valid inhalation atudy waa 
used. even if it had not yet gone thro~ 
the formal intra-Agency venfication 
procesa. 

3. If a level based on an inhalation 
study (u in (1) or (2) above) waa not 
available. a health-based intake level 
(e.g .. RID) based on an oral atudy was 
used. with a converaion factor of one for 
route-to-route extrapolation to calculate 
the con~ntration in aU--except where 
such an extrapolation factor was 
determined to be inappropriate. For 
example. it It not appropriate where a 
conatituent that It a ayatemic toxicant 
through the oral route of expoaure 
cauaea local adnrse effecta on the lung 
through the inhalation route. A 
con~tituent mijht alto be determined to 
be an inappropriate candidate for route­
to-route extrapolation due to atgnificant 
d.iftereoc:e. ln metaboU..m or absorption. 
Whera the extrapolation from oral route 
to inhalation route of expoaure ia 
determined to be inappropriate. and a 
level baaed on an inhalation atudy (aaln 
(1) or (2} aboYI) il not available. 
appeoci1x A doel not lilt a con~ntration 
in air( ... aec:tion Vl!.Z.t for a 
dilcuuioa of how to aet action level a 
wiMre baJth- and environment-based 
levela an DOt available). Wb1le t1l.e 
concentrationa in a1r U.ted In appendix 
A (and C) ere beina evaluated further by 
the Agency with regard to the 
appropriateneu of thie route-to-route 
extrapolation. they will be u.aed only aa 
an lntartm meatW'tl. The Apncy will 
adopt RfDt baaed on actuallnhalation 
toxidty data •• aoon u the data 
become available. 

4. Tbe atandard expoaure aaaumption 
for air typic:ally uaed ill Agency risk 
a~Mt~~DeDtl (I.e., 'lDm.1/day for a 70 
ldlosraa adult for a 70 year Uletime) 
waa aMd (,.. appendix D). 

Und.ar propoeed I ZSU21(a)(2). action 
levtla woa.ld be meuured or estimated 
at the facility boundary, or another 
locattoa cl~ to the unit If necessary to 
protect human health and the 
envtroameaL 
The~ bu chOMD the (acillty 

bounciarJ u the locattoa wher. aJr 
action lenla an pr7c!': to be 
typically meuurecl -ral reuonL 
MeaauriDiat the facility boundary will 
have the effect of requlrinf Co~ve 
Meuure Studln to be conducted 
whmner potentially health-threatening 
levela of airborne con~tituenta that 
originate from waste management units 
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Mil Mint Mleaed to veu ouillide the 
fac:UUy propat7. n. Afln:r'l re"Cosruze• 
that in tome OIMS tRia mu:!d requint 
oWBer/operaton to atucf¥ potential 
remedialaoiutioaa wh«e Ktual 
remediation of air reiu.et will not be 
required-under today' a proposal. the 
requi.:'1!ment acrually to remediat.e ait 
ro!leaMa ia tied to actual 8XpOIWT. i.• .. 
exceedence of health-baeed levela at the 
moet expaNd individual (aee the 
diacuaaion of air cleanup standarda In 
section VLF.7.a of today' a preamble). 
However, under thi1 ecenarto. if 
expoaure conditiona were to 
aubaequently chanse and trigser the 
need for corrective actiall for air 
em.iaeioa&. the oWMr/operator would lte 
able to IJlOl"8 expeditioualy implement 
the remedy that had alrHdy been 
d..,..loped lD the Correc:Un Meuure 
Study. 1'H A8fJDC)' beUevee that 
meeaurlnt actioa levela at the facility 
boundarJ, while enYironmentally 
conaervative. will not~ a 
undue burdea aa owur operaton. 

Under today' a propoeal. lb. .Resfon.al 
Adminiltrator could. wben IMCIU&lf, 
requn actioa lnela to be meuured at 
one or IDON locatiou wttbm tbe .f.adlity. 
Nl. exampie woaid be iliDdiYtduala 
WWN actually reeidiq oa the facility 
property, es.miaht be the caM at a 
Fect.ral faallty (e.f .. aiDilUarr bue). 
On-lite work• expo~are waWd not 
genenlly be • ct.wmbliq fadar Ia 
estab.li.abmt locatiou far Ktiaa ......_ 
1inca such...........,.. it ,..W.tlld by tbe 
OccupatiaDal Safety and tm&lth 
A~tratioll ( .. furtla• d1.acuaio1l 
in 1ection V1.F.7.a(2) of today' I 
prwamble}. 
n. A3fmC1 con.tidetwd. bat dkl DGt 

propoH. ethft locatioDa for eltllb~ 
action levelt for air re1ea .... 11MM 
altemattw locationa woald ban 
involved daterminlnl actioa lneJa at tl) 
the unit bowad.uy, or (2) the ..­
expo..d illdnidual. n. alt.rutift of 
determic.iDI ac:tioa t.vellat tbe uait 
bound&ry waa reiedlld u ~ 
atringent. eince it ..W lilelr baw tbe 
effect of very oftea •·a lq the .-l 
for a CorTective t' u sa.ty, wbln 
no actual or pot.-& *-t ta b.uaa 
health and the tiiill .a .m.t8d. TU 
option ·of meUUI'iDI ectbl...._ a the 
mott expoted Individual wu aat cbOMil 
becaUM In some cuee a CAS woakl DOt 
be trl~ bued on C1l1'f'lll!t b:atioM 
of receptors. ana thauah future 
reaidmtial dfte!upmmt cloee to the 
faciljty were planned and coald renlt iD 
exposure aboYe action lrtels. 'Ibe 
Agency speci&cally requatl cemmat 
on the moet appropriate locatioa for 
meaaurfnc action levela for the air 
medium. 

e. Action Lerefs for Surface Water. 
Proposed I Z.M.S2l(c) identifies action 
levele for aurface water. 
Notwtthatandins ~ .. action levels. 
tome releue1 from tol.id wute 
management uruta to aurface water may 
be subject to the National Pollutant 
Diacbarp Elimi.nation System (l't'PDES) 
punuant to tection W of the Clean 
Water Act (CWA). The CWA prohibita 
the UIU'1!gula ted diacbarge of any 
pollutant to waten of the United Statee 
from any point aource. Raleuee to 
eurface waten that are nonpoint IOW'Oea 
may be eubfect to the Nonpotnt Source 
Manqemeot Prosru1 eat.ebU.IMd under 
aecti0111 208 and 3U of the CWA. U the 
Agency dieCO"Ien reluaea from tollit 
waet.e management unita which are 
point tourcee. but lack an NPDES 
permit. CWA autaoritiu wtllaeDU&llr 
be uaed to addreu tbe releaH. It aboWd 
be undentood that the term eu.rface 
water In thU context includa wetlanda. 
•• prescribed under Mdioa 40t of the 
CW A. Section 40t permitl u. required 
for dredp Uti/or fill Into wet1anda. 

PropoHd t Z6U.Zl(c) ~ that 
State w&tar qualitf 1t&Ddarda 
eetabliJ.bed purnut to MCtioa 303 ol 
the CW A that are e:xpnuM u 
numerical val~~e~ will be uecl u acUoa 
levtia. waere they ban bMa 
eetabU.hed for the IWfac:e watar bodJ 
In queati.oa. Howner. EPA utidpa&ee 

that audl DIUDal'tcalatudarda .z::c· '-· 
aoma ca.eea. a.ot have beea ut~ 
at the time wha .re~M'oii.a!mvutipatau 
are beq CODduded at RCRA faaliU... 
In theN ca..., ldioa 1eve1a mar be 
HtabUahed U muneric lnt.erJrttatioaa 
of St&ta .urrativt water qualltJ 
etandard.L 

Wat. quality at&Dd.arda boda 
Htahliah water qu.alitJ pia. .U..,. 
11 a bMi.a for.-bl!ehtnl traabMilt 
coatro1a. buecl OD tha 11M Cll' UM1 wbicb 
the Stata .daipateeb tba mc.eiviq 
waw {..._ reaeatioa or public watao 
aupply). n. l!aadarda canUt ola 
damp ted 11M or GMI. and tba water 
quality criteria whida will prot.Ktlucb 
uaa. Criteria are txprUMd u altb. 
numaric COD.Itituent concaatratioolevela 
or IWfttfn ttatamenta that repraent a 
qua.Uty of wa&tr that IUpport.l a 
particular UN. 

ID aJ)l)lyir_, a.un ttn ttanduda to 
epeciAc water bodi ... tome States bave 
preteribed mathodt far calculatlnt 
numeric valun for tba ..tar body. Such 
methodiYU7 from State to et.te iD their 
complexity, the time requirld to 
eatabu.h the numeric values, and the 
proctdurell.avolvtd. Altbouch clerivinc 
theM Dumaric lntarprttatioal froa 
narrative~ wiD ollm be 
1trai3ftt!arwvd. the~~ 

that in ., .. Jltll4 tio!ll th2 deru.. <men of 
a•1c.l vain• CII"CC...d be ~ compr 
a~d time-i.aM . La JUcia a:ae:t. tht 
R~ew him .. · · aiDr c:mid. detarm. 
that the ae oi'1IWDllril: ~ 
of narrative water quality atamind,e 
wae not approprlete far the ptlf:pot.e of 
eet&bn..biDc action lne!a. ~A 
emphui..aea thaJ ta. ao oi aucb 
narratiYe at.endarm ml.ttt JWt delay the 
corre-ctive action prooetL 

Where numeriz: wuar quality 
standarda have not beea atahlished by 
the State. and wbem amnecc 
in~tiCXIII of .aaznQ,ye atandard.e 
are etlher ...wUab1e or inapproprta• 
(ter rwuons dacz:ibed abou). p.ropoud 
I28U2:1fc)~ pamdn that maximum 
matemm•nt.Le-nU (hiCLI) promcdpmd 
under the 5afa llriTWring Water Act will 
be ueed • -=iioa ll'nla. il the 1mbce 
water hu been designated u a drinking 
water ~arce by tbe State fne 
_., ... ill~ Mdion c the use 
of MC... • ectioa luelt ill sroan1i 
~ 

Ia •._tiau wlllae • .muneri.cai waar 
q-.iMy .. ndwal, 1 .mmae:ric 
iutllqawtauaa of~ sla.aduda. or 
u WCLll.not aYdMia for a particular 
ha.wO:w 1 M t ia .udaa water 
J '5 lad by .. State for Adnkins. 
propaadl »U24(~ specdin that 
the c:zttlda aDder i .21N.u:t~)(Z) (i)-{ivl 
be ..t ,__,ebHP'IJ &dian lavela 
sudlae wam. • ina expe~um 
tlllcNsb CCIDRm ... ef the W'lter 
cont&minatwll .tQ .. baurdcua 
CODJtituent. The -.adnd expo.are 
u 'doca of Mil litMt/day for a 70 
q ..wt owr a :118 Jwrliflltime in 
~ D a.a.ltl be UMd. IUllea 
~alto c. ... equatk: organisms 
n. tbe ..a.a. ..... In theM caSH. 

tbe~--~~~--~ Water 
~ Critma be .ud u action levels 
Iince lh.,•.W,'the c:zitsia far acti011 
lneie en.bllabld udalr t 21U21{a}(2) 
(iHlv). r-..u w.- Qulity Criteria 
are a.uwabatieu .t c:.ontwnin•nta 
dataniU!Md te M pr:otecti.,. ol bnm.a.a 
health and/w aquatic orptriMM 
Crttada far PfC*Ciioll af human beaJ th 
art a-41 oa l'q)ONrt throuP drinJtina 
watar, • wwl• ~ taroush 
~ watlf lad ine-tmc aquatic 
aq• ' z CI:MIItia for pJCJt8Cti.a of 
....... , ........ md JDal'iae 
orpnt""' .. allo an.Wable. EPA hu 
~·lild water ~ criterla for 
UlpcN..._.tl adar the Clean Water 
Ad. 

Ia atua• I .,.,._ a .numm:ic&.l ., I tm 
quality •t•n"' w n.t ...U.bie 1M a 
p~ acnst:ttzumtm ..-.wa.r .. L I d by the State 
for .. odNr ~ dri rrlri lliJ. prtl'fJ0'1eU 
I ~f!) pea.....,_ the Rql.o.naJ 
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A d.mUilt In tor with the flsXJbili ty to 

consider the ~1gnattd ~ o{ the 
aurlaca water in e.ta~l1shina• 
concentration u the action ~.1. For 

e:umple, in some s:.:.rface wat&r& 

designated for i."l.dUJtr:al u'"- tile 

Agency believe• tba! an MO. may be 
too sensitive a trigger fer a eMS. In 
other situatiollJo. MCl.a may be too 

inser-'1tive. a t:igger for a C.1...lS (for 
example. in trout streams}. Feder!il 
Water Quality Cri~a may pro·li.!a 

useful guidance in setting action levela 

:;nder I ZM.SZ4(c)(S). 
lf Federal Water Quality Criteria are 

used as acticn revet.. the purpose• for 

which auch criteria wen developed 

should be considered in determinfn& 

which criteria are appropriate to use. 
For exam;.-le, for a aurface water ~y 

used for fishina end drinltizl& tha criteria 

for protection oi human health baled on 

drinking water and eatinJ aquatic 
organiama would tw moat appropriate. 
For Clasa A and Clua B cardnogena. 

the criteria c:ornapondfng to a to-• riak 

level ahould be used. wbenaa tor Class 

G ca.rcinog.ena. tha Apncy fll88eltt that 
the criteria correspondina to to-• risk 

level be used. (S. disc:ualiaa oC 
Agency-utabi.Dhed classer of 
c&ltinogma and relalin rtak lnwm 
considered appropriate tn tecttan 
\1.!.Z.c of thia preamble.) 

If contaminants attributabl• to 
~leuea from a SWMU exceed an acticm 

1-lvel anywhere In aurface water, a 

Corrective Meaaurw Study may be 

~uired. Propoaed t 264.521fi:) doe. not 
specify where iD aurface waters 

concentratioru ahould ba meawred 
against action lenl., In detenn:inint 

appropriate tampUns (ocationa. the 
Agency will senerally attempt to tpecifJ 
location• iD the aurface water wliet9 the 

highest concentratioru of huardaa. 
conatituentl releeaed from SWMVt.,.. 
expec:ed to~ .... at or nev ttw 
point or points where releaMt etlSft lb. 
surface water. However, iD aome c:aa.., 

est&bliahins the precise pofnt(l} wlen 

releasu enter the au.rfac. we• eay tM 
d!':cult and time-cor.sumifta ...a • iD 
the caM of a ground-watw ,._.Ia a 

<..~mptex hydrogeolog!c •attlllird!M 
flows into a lake. ln thne ~ the 

Agency would not wiab to 4MIJ tbe 
i:utiation cf a Corrective Meuun Study· 
while the poi::t of releua ltlocatM. if 
concent:ntiana grea'-r l'taa ac:tioc !.nell 
could already be detected In the surW:.e­

WRter. 
EPA apecltic:ally requu .. a:Jnl.lDClt OD 

today's propoaa.l far Htabu.hq act!.on 

levela foraurfac:e wattr. 
PropoMcl I 1M.S20(b). which allowt 

the Regional AdmiDUtratar kl Nqutr.a 

'MS wh.n neceuary to protect lzum&tt 
_,ealth a.n.rl tr.e environment. e-...n wt.a 

r.o action level• han Ce€n exce-eded. 

may iM particularly Important for 
surface water. For example. the 
Regional Admutiitrator may detemune 

that a threat from ccnsumpnon of 

aquatic organisms ex:is~ at Levett at or 

below the MCL. since the MCL doea not 

incorporate exposure through ingestion 

of contaminated arganiama. 
A Corrective Me.tsur. Study may alao 

be required under l 264.520(b) if the 

Regional Admini..strator determine1 that 

there ia a threat to humu health or the 

environment from contaminated 
sediments even thouah action levela £or 

surface water have not ~11 exceeded. 

The Agency belie-Yea It ia important ta 

clarify its authority to addreaa 
sedimeru. contaminated by reiH ... 
!T-om aolid wutt ma.nagem.nt unita 

under HCtiona 3004 (ll) uui (v) ol 
HSW A. al.1h.ol.lah todaJ'a propoecl doea 

not eatabUIA actioa ~welt rpMif!cally 

far sed.imeaQ. ne Aeen,cy la c::urreatly 
dfielopina Hdi.mezlt Cliterta which. 
whea promulsated. may be UMd at 

Sui dance in evaluattna COGtamin.atacl 
eedimen~ Hownv. ao be-'~ o& 

eavirotunea\&1 le-.eia ax. aunMiJ 
avaU&hle wbl.cll are appreprtau u 
sediment aetioe ifielt. Thu. untilauc:h 

aittria are drffiOped. tbe need for 
Cornctive Mebure Studiet MMd oa 
std.imtat contsrniNtioo wtl1 ~ 
deierm.inecl o.a a cate-ey-cue bam. The 
Ageaey ~"Mtta cccaJDeGt. on UU. 
approach to addreetfDa aHiamta. 

Fi.nally, the Re&laaalA.dminiatrator 
may requin & Corrective M.uure Stuct, 

for Ndace water uod.r '~l 
whec & t:b.r:.at to aquatic: h .. lth exiflt a• 

lev.I. at ot below actioa.~ell. Feder.& 
W atar QJ.allty Criteria for pNtedioa of 
aquatic hMlt.h aaould be IIMd. .. 
gu.idaaca in mMinc this detarmia.atioa. 

l Ac:tiQIJ ~ /tN SoiL Propc»M 

I 2M.~l{ dl utablilhea aiterta for 
e1tablilbi..q ac:tiolllavala foe MiL 
._,mini~ tbroqla COGIUDlptioa 

CJf the IGil. eaetnYuted with tM 
hua:Coua c:outituent Ac:ticmlevtis 

would be Ml au the baW af the 
expoaure auumptiou iD. append.ix D. 
wt:.ich uaume • reaidential UN pattern. 

with lalllt'-'Dl direct contact and 10il 

in3estioa by childrm. Ac:tio.a lavela Cor 
aoll WGUld typically be mauured oa the 
aurfau ~~ the upper two feet of 
euth). 

The .xcaptiola to tha approaQ. Ia 
whan EPAwalle.d)ltatabliahad 
standarda for-tUc:l .. nup of apUlad 
polychlorinatH biphenyl• (PCB&). which 
are regulated \lAdar the Toxic 
Sublt&nc:ea Control Act (TSC.A.).. The 
Apacy bH de~l'lllinM u.u tM 11M ol 
theM proaa!Mtated ttanda.Ma. uactioa 

level• &n.ct eleeout ataad&rdt for aeU. la. 

relevant to R£RA correcuve actioo.. ThLe 

;:oLcy LS al~ conaiatent wH.h Soper:-.llld 

policy. Th& PCB Spilll?olir.y oorier TSCA 

11 disc':.l!ff<i mot11 Nliy in ~cuon VTI.B 
of this preamble-. 

AlLi.ough action leYl!.!s for soils aa 

establirited unng din!ct contact 
assumptions most appropriate for 

surficialaoU... it is intended that these 

action levela will often also be a.sed as a 

p.reaumptiaD that a GMS may be 
n e c e ssa.ry for c.ont.a.m.i.na.ted deep so4J 

which may pea a tnAilt to ground 

water iD aquifan. The ~cy dou not 

be line that generic ~tion level• based 
on the potential fiX ha.za.rdoua 
ccn.atitu.at. iD aod to contanunata 

ground w.ter can be dnelope<l at this 
time. amce the type af sotl. d1atance to 
gro\IIMI wawr. and other sir.tpectfic 
factors, u weU aa the properties of the 

haurdon.c:onatitueat. in.Oueoce thi' 

potentf&L A Pft1Dit1ee may attempt to 

rebet tbia pnwumptioa by demoMtraf.ng 

!hat~ .... ~ ne tbrMt to human health 

and tlle'mYilonmlft4 from auc:A d~p sot! 

conta.m..faetion, either~ direct 
coat-a 0'1' mipation to aquifen or 
surface- wetitr. Alt~tmatively, 

l ZM.~ may be 11Mfi to require t 

CMS Lit aitua.tton. when. dftl' tow are 
contalll.iuted below le1icnt lev-e!a. but 

poaa a threat to ground water In 
aquifna 

A1thoush ntimates of aoil. inta.ke al'1! 

not aa frequently uaed by the A~:'lcy es 
are eattmates of air OT water intake. 

appendix D providea recommmded 

expowre auumptiom tor non­
carcinogenic: and carcinogenic soil 

contaminant& given an lllU'nt::icted use 

acmarie. A aoil tnsestion rate of 0.1 g/ 
c!ay Ia recommended for carci.'1o&ena, 

and a rete of0.2 a/day, based on an 
averap cbUd'a body weigllt of 16 kg, is 

recommended f~ non-carcinoger.a. 

In tha caae oCnon-ard."logenic 

coDtamiunta.. the araJ RlD would be 

uaad to cel.c:ulate an. ac:tfan reveL ar 

th:ea&olcl c:cru:en.tra!ion befaw wh.i.::h 
advertt effect• would not occur. 

a llllDlinl CU ar-m per day olwil i.l 
conaum.ed. S~teen klloaram.a rep.rese.na 

an averap body weigb.t for chilc!:en 

aged one to aix. T1ia Ai,trlcy belinaa 
theH expoaura assumptiana a.re 
refildive of a CGD&UVative averag.a 

aceurtoln whlcla childr.a. ages t~ 

yean (L11 .. the time period during which 

ch.U..dru axhibit tha sru.taat tendti1Cy 
for ~to-111owla activity) a.rt ua.umed 

to lapst lA abo~vuqe amount of 

10!1 OD a Gaily buia. tha ~&UH 
level& aatimattd Ia thi& ~D&AD« are 

~lc:ulatelil \o kaev expoaarea well below 

th• ~tioo "t.hr .. hol.li" for toxic 

effect.( ... ...U. prumbie diacuuial). 

Since tM '-'de. effect of concam i.a 

HMlDled t. eccur oa.c. th. thnshold 
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level it exceeded. the amount of soil 
ingested on a daily baaia becomes of 
maior importance in detertJlinin3 non­
carcinogenic effecu. Therefore. to 
account properly for the risk from 
elevated exposure to non-carcinogenic 
soil contaminants du.rin3 early 
childhood years. it it important that the 
exposure not be esnmated over a 
l1fetime: to do 10 would "smear" out the 
peak exposure occurrir.g d~r.g the 
above-mentioned time period of five 
yean and reault in the failure to detect 
an unacceptable expoaure level (i . ., .• a 
level which exceedl the RfD). 

ln the cue of carcinogen., the action 
level would be derived by Illuming 
consumption ofO.tglrU.y averaged out 
over a lifetime. baaed on an adult body 
weight of 70 kilograma. Becauae the 
expre11ion of carcinogenic effectl it 
principally a function of cumulative 
dose (i . .,_ the time coune of expoaure it 
usually MCOnduy), the Agency believe., 
in generaL that elevated expoturet 
durtn8 early childhood are relatively 
unimportant In determi.n.ins lifetime 
cancer riak. Therefore. total lifetime 
(cumulative) toil iJ18ettion can be 
a verased to derive a per d.y value. 
'I'hese expoture auumptiont do. 
however. renect a reuonable wont­
caM tcen.ari~ts/d.y ~an upper­
range estimate of 10il ingfltion for older 
children and adulta. 

The above recommendation.a are 
based on the contervative aaaumption.a 
that 100 percent of the ingested non­
carcinogenic and carcinoaenic 10il 
contanunantl are abtorbed acro11 the 
gastrointestinal tract and that ingestion 
occurs 365 days/year. regardle11 of 
cl:matic condition.a or age. The Agency 
sol1cit1 comment on the above 
assu."Ttption.a for toil expoaure for 
e!tablishinlaction level.. 

The Agency collJidered the UM of 
other generic expoaure a11umption.a for 
establishina action Ieveli for toil bued 
on direct contact ("·I·· expoture throuah 
dermal contact. expoturw thtouah 
1:1gestion under a nCHH'Hidential 
sunario). but rejected tbae altarnativet 
for several reuoaa. Pint. ntabU.hint 
act1on lev~ I• bated • puric 
a uwnptiont for derma{ eJq)OIUZ"' or 
expoturt via inp~tioa of 10U undtr 1 
non-residential acena.rio would be 1 fu · 
lest sensitive trigser. and could in effctet 
cause a "false negative" in tituation.a 
where the A3ency believet corrective 
action would be neceuary. Second. the 
data bast for developiJ11action level.t 
ba5ed on dermal exposure or exposure 
v1a ingestion of toil under a non­
residentialexpoaure acena.rio iJ limited. 

ln addition to considerinJgeneric 
exposure anwnption.a. the Agency 
constde~ the ~ae of aite-apecfic. direct 

contact e:<posure facton for derivm, 
so1l action levels. However. the Agency 
believes that assessing aite-specific. 
exposu~ m setting action levels would 
be a resource-intens1ve proceu. and 
would run counter to the objective of 
using action levels aa a 11mple acreening 
mecharusm. The Agency recognizes that 
the proposed approach it conaervative. 
Nevertheles., the Agency believet that 
these levels are appropriate at action 
levels (u opposed to cleanup targetl)­
that ia. they can reasonably serve u 
rebuttable pretwnption.a that further 
study. indudm, analysit of posaible 
remediet. iJ nece11ary. 

Soil cleanup level.t are discusaed in 
more detailtn aection Vl.F.5 of this 
preamble. However. it should be 
recognized that facilitiet with toil 
contamination above an action level­
particularly where the level.t would poae 
no threat under current conditiollJ of 
expoaure-would have a wide range of 
remedial optioru open to them. lncludf.nJ 
"conditional" remedies (for which the 
permit would apecify appropriate 
exposure controlt}. or the covenn, of 
the contaminated toil with a 10il c.ap. In 
this c.aae. a Comtetivw Meuure Study 
might timply be a proposal to clean up 
to protective level.. auumint industrial 
land 11M. and to ensure rettricted ac:ceu 
for the life of the permit. ThiJ raitet the 
iuue of "conditioaal" remedies. which 
is discusted in more detail in tectioa 
VI.F.a of thia preamble. 

g. Action !An~l• Whetw HtJalth- and 
Environmental-Baud t..ve/1 Are Not 
A vailob/e. lf. for any mediu'll. Apncy­
promulgated atandardt or criteriL or 
other health-bated level.t meeting the 
propoaed criteria are not available or 
cannot be developed for uae at actioa 
Ieveii. IZM.SZl(eJ allowt the Reatonal 
Administrator to Mt an action level for 
any constituent Oil the basil of available 
data and reuonable wont-cue 
aaaumptiona. In moet cateS. partial data 
or data on ttructural analop will allow 
the Regional Aciminatrator to Htimate 
whether the detected level of a 
contaminant it likely to c.auae a 
problem. ln other cues. other 
contaminants will be prnent at hiah 
levelt (tligerlnta CMS in any c.aae). 
and it will be clear that the COIUtituent 

· ia not a drivint factor in determin!DI the 
risk at the site. evea under wont-cue 
auumption.a ccncemint itt toxicity. In 
such caset it may not be necetaary to 
specify an action level for the 
corutituent Finally. under propoaed 
I 264.S21(e)(2). the Regional 
Administrator would have the authority 
to aet the action level at bacqround fOC' 
a hazardoUJ constituent for which data 
were inadequate to aet a health- or 
environment-ba!4!d action leveL Thit 

option. however. it providad primar.ly 
u a fall-back position. The Agency 
believes that it will very rarely be 
necessary to set action levels at 
background. 

As indicated earlier. appendix A lists 
poaaible action levels for a range of 
hazardoUJ constituent• based on the 
crite?• proposed in l264.521(a)(ZJ. 
EPA 1 Office of Solid Waste (OSW) is 
developing. for the purpose of guidance 
health-baaed numbers on additional · 
conatituentl. TheM levels would also 
satiafy the criteria of proposed 
I2&UZ1(a)(2). A. these additional 
health-baaed le~el.t are developed. tt.ey 
will be entered lllto tha Integrated Risk 
Information System (lRIS). For 
information on these guidance nur.:bers. 
the OSW Technical Aueument 
Branch/Health A.aessment Section 
ahould be con.aulted at (202) 382-4i81. 

b. Authority to &quil'fJ a Correcti~·~ 
MtJa•ure Study Whel'fJ Action Level 
HaVfl Not ~Hn ExCH<Jt!CL The Agency 
beUevn lt LS important to provide the 
Resional Administrator authonty to 
requiN a CMS under IZM.SZO(b) even 
when oo COIUtituentl exceed action 
level.. For example. a CMS could be 
required 1f there are threatl to certain 
aenaitive avironmental receptors at a 
par:ticular facility with contamination at 
or below actioulevel.t. Also. a C~fS 
could be required in tihution.s where 
the riak poeed by the presence of 
multiple cont•min•ntJ may be high 
enoush to warraot a Corrective Measure 
Study even if no •in&!• corutituent 
exceed& the individual action level for 
the COIUtituent Similarly. i! individua:s 
livins near the aite are reuivirli 
tignificant exposures from aources other 
than SWMUa at the lite. the incremental 
expoaure due to SWMUt at the aite may 
result in a cumulative risk large enough 
to Wllft'ant a CMS. ln addition. there 
may be aituatioru where "crott-media" 
riw could Indicate the need for a C~IS. 
evea thoqb actioa levels in a particular 
medium have not been exceeded. An 
examp&. miaht be where at nearby 
resUieacet releaHt in both the air and 
ground water are preMnt at very low 
level1, but the cumulative risks fro~ 
both pathwaya of expoaure are 
tufflclant to be of concem. Altho:Jgh 
auch tituation.a are expected to be 
relatively rare. tlw Agency will examine 
auch ~ riska when tite­
spec:iflc condltiollJ indicate the potenttal 
for such expoturw ractort. 

A CMS may alto be required if 
con.atituentt pate a threat through 
exposure pathwaya other than that 
asaumed in Mttint action levels. for 
example. COIUtituents in surface wa t, 
that do not exceed MCLt may at1ll posL 
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develop and condlw:t theM further 
RegulAtory Impact Ana..iysea. 

The new ana.lytet will be conducted 
in accordance with the exiattns A,ency 
guidance on ResuJatory Imp.ct Analy1i1 
and the draft Regulatory Impact 
Analyaia Guidance publiahed in the 1~ 
ResuJatory Program of the United Statea. 
The analy1e1 will explidtly examine the 
coati. health and environmental 
benefita. &nd technological limitation• 
for the key regulatory requirement~ 
contained in the propoaal-especially 
for the aeveral alternative approachet to 
ground water remediation outlined in 
the propoaed rule. 'I'ba analyaa will 
alao eatimate the aggregate impactt. 
Identified above. for eitea el.lgible for 
ntmediation under thia Nle and for 
thoae eitet which are lilted on the NPL. 
and will. therefore. look to thia rule aa 
an ARAR. under the proviltona of 
CERCLA. Upon completion of the 
ntviled analya11. EPA wtllaolldt 
comment on the ntaulta of the analy1e1 
and the methodoiOSJ uaed to derive 
them. The Asency will thea a .... a the~~ 
commenta. alons with commeata which 
will have been received previoualy on 
the proposed Nle. Throush theM ac:tiona 
EPA willeatur. that the net IOdal 
benefita (inclucnn. environmental and 
health benefita) ol the rule propoeed 
today are maximized. takint IDto 
account cotta. technolop:allimitationa. 
riab. and realtatic aueaamenta of both 
actual and reuonably expected 11111 of 
each aite. Jl the reviled RlA. toptber 
with the commenta Neeived. 
demonatrate that the Nle propoMd 
today d011 not achieve thia outcome. the 
Agency will make appropriate 

mod.ificationa to the final rule. or if 
necessary, will repropo1e the rule. 

B. Regulatory Flexibility Act 

The R,egulatory Flexibility Act 
requirea Federal agenciea to fully 
analyze the economic effecta of 
regulationa on 1mall entitiea. The 
Agency analyzed the economic impacta 
for the regulatory optiona that are moat 
similar to today' 1 proposed rule (i.~t .• 
"Immediate Cleanup to Health-Baaed 
Standana" and "Flexible Cleanup to 
Health-Based Stand.ard.a"), 

The RIA as1umea that a emall 
buaineta il aignificantly Impacted if Ita 
exce11 of cath Oow over ten percent of 
Ita total Uabilltiea illnauffident to meet 
corrective action coati. or if ita net 
income Ia lnauffident to meet ita 
corrective action co1t1. 

For the alternative analyzed. It wu 
found that •mall firma encounter more 
aevere lmpacta from the corr.ctive 
action requirementa than larp firma. 
The optiona moat 1im1Ju to the 
propoaed rule result In incremental 
impactl (i.e .. relative to the b ... Une) on 
approximately 8 to 11 percent of amall 
buainHMt ownJ.nt RCRA facillti11. 

Baeed on the Agency'a ,Wdelinea for 
implemenlinl·the Reaulatory Feuibillty 
Act. the reaulta of the analyaa u 
aummarized above. euant ltt.•t the 
propoaed rule doea not lmpoM 
1igni.ftcant impacta on tmall entities. 

C. Pa;»rwor* R«luction Act 
Thelnlormat1on collection 

requirementa In thJ.a propoHd Nle have 
been aubmitted for approval to the 
om~ of Management and Bw:.tpt 

(OMB} uader the Ptperwon R~uction 
Act. 44 U.S:C. 3501 ~t 'IKl· Reporting and . 
recordk~Plll8 burden on the pubUc for 
th11 collection il estimated at 42..491 
houn for the e74 respondent~., wtth an 
average of 1.1~1 hours ~r ruporue. 
(Burden ••timatea ahould Include all 
upecta of the collection effort and may 
Include time for revteWiq lnatructloo.a, ••archins exiating d.at& aourc.a. 
gathering and maintaining the data 
needed. completina and revitWina the 
collection of information. etc.) 

Jl you wiah to eubmit commenta 
res.ardln3 any upect of the collection of 
Information. including •uaeetiona for 
reducing the burden. or If you would Wee 
a copy of the Information collection 
requeat (pleaM reference ICR #1~1), 
contact Rick Weatlund. Information 
Polley Branch. PM-223. U.S. 
E.nvtroomental Protection Asency, 401 M 
Street, SW .. Waahinston. DC 204C!O (202-
332-214a); and Tim Hunt. Offlce of 
lnformat1oa and Regulatory Affairs, 
Offtce of Manqement and Budget. 
Wuhingtoa. DC 20S03. The final rule 
wUl reapond to any OMB or public 
commeata on the information collection 
requiremeata contained In thie propoeal. 

u.t ol Su.bj«ta ill 'i CR Parta ZM. Z85. 
Z71,and 271 

Ad.miniatrative practice and 
procedure. Corrective action. Hazardous 
waata; Inaurance. Raportt.ns and 
recordDepiq requirementl. 

Dated: July S. 1.8110. 
WIJII.a a.m,. 
Adrtlirri6trator. 
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n. Eaamp&. Caloaledou rex Huardoat 
C.....titMa .... All 

Lrnla 
{Sectiona ~.521 I•X2}; (b): (c}{3}; and 
(d)) 

L Co...-entifll Eqaations for Calculatint ~ 
Ln-da 

A. S,.,..UC Tozicana 
_ · Exulfle cablatioa far Z.t-diniU-opbad: 
c.-~ (JIIIIq/d)"1000 (J.a/m&J ":'O(qJI/ 

t. In der.VU13 acti011level• for huardou.t 
roiUtl:uentl iD ~watet'. auwne a wata­
L.,take of Z llten/day fot 70 l<a adult/70 )·ear 
W'etime e:qx>aun p!!nod. 

1. In denv\na actioa levela for baurdout 
COOIItit~KDIIID alr. a.- air IDtake of 3l 
cvblc ~Detltl/day fot,. q adult/70 year 
U!etime expoeure period. 

1. ra clemma ICtiGa mil for b.uatdoal 
coa.atit\lellll 1D IOU. wWda are mowa or 
auapectAid l.o be c:atdDopDa. IMWIM toG 
Intake or 01 vam/dq for 70 q ad\l..lt/10,.., 
lJetiml Uj)OIIIn p«iod. 
~ lD ci.-r. :q IC11aa lrtela for bua.rdoal 

COI\ItttMOlJI iD eoa. -- thaa dloN wt»dd 
are lal~ 01 ruspecnd Ill ..,_ cardoa,.._ 
1..-e toG bztake oiU ..-lda7 b !t q 
chJld/a ,.., t:lq)OAI't , ... n ... w-. • 

... Ia dlrtvtoa ac&a ...... b bsardMI 
cau11tu.Dtl a tarfacilwcW ...,_.. lilr 
the Stat. for uae u a~ watft' IIOUJ'OI, 

tuume I .. te IDtaU of 2 lltera/daJ fur 7'0 
ka edult/70 JU1 lifetllle JXPOftl'l period. 
unleu lntak1 ol aquatic orp.a.IIID.I il al8o ol 
c:oaa!fQ. 

A.. Sp!~:r.ic TOJCicanr. 

C. • [RfD'WJ/[J• AJ 
where: 
C.-. ac!ioc level in toe1iiwn lun•t• a.-e 

mediWD~pcadent): 
R!D•merenc. doM lma.l\a/da)'): 
W • body weiJht (k&}; 
I • intal<e tuumptioa (unita are mediwn­

de~cdeul): tucl 
A-a~tloa factor 1 (dimcnaionleea). 

B. CDrcino,enic CDMtitu.na 
C..•[R"W"LT1/(C5ri"A"EDJ 
wberr. 
C. • action level in ~Dedium (ur.l:J are 

IDedillm~peD<iftt): 
R "'anumed riM Level (dimen•ionlesa) (lo-• 

fOI' clau A a B; to·•ror claN C 
urCDOjfl»); 

w-bodJ weilht. (kl) 
· L1' • unmed life-time (JMI'I); 
CSP•c:ardDoleaic elope factor (rq/'q/ 

c~a,n 
I"' iut.ak.e U&iiJJlPtiOO (unita.,. mediwa­

dependent}: 
A- ebeorpUoa factor (dimeuaioniHt}: aad 
ED•IXpoiW"' dvnUc.a (yean). 

[2D (m 1/d)"1J•7.0 ~~oa/m' 
~ 
C.'"' tctloa level In air !J.1/m 'I 
RlD-omz ~dlr 
w •1'0 q adult 
1·20•1/day 
A-1 

ll. CarciiiOfU.ic CoNtJtuenG 
Exucple c:alculltioa for U.l.l· 

tetrac.bloroelhue: 
C.•(W' .. UIOO (H/ .. )"70 ,psJ"70 {k.a)}/ 

IG.lD (maJq/daJr .. 20 (aa'/darl"t ·ro 
(JnJJ•.11S ~-

··herw: 
C. • actioo level ill air (}.a/ m., 
a-ur•(1.1.1.1-Tetrachlorocthane ia a Ca• 
C'~) w _,., q ada!t 

LT • 70 ,ear tlf.tUnl 
rs-CUD (mcJ'qlc~.trr• 
r-ma•/clq . 
A-s_ 
m-70,.., upotWI d~~ralkla 

1D. Saaple Cablab for Huardou 
c:oa.~•w•• 

A. Sple&ic To.U:ianD 
s..m,le cablat:a for toiaa:~e 

C. • [UO (llllfq/ dilf)•70 (kaj)/(2 (L/ 
ciar)•tJ•to.J -elL 

wberc 
C.• adfaD lneJ ill WIIJir (~ 
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RfD•O..JO rq/'q)dlay fiX tolume 
W-70 lea edult 
l•ZL/dlay 
A•l 

B. Carcinogenic Con•t.itwna 
Sample calculatioa for t.l..U.­

tetnchloroetha.ne: 
c.-[to-•70 fk3l'70 fyrlJ/[0-20 (rq/'q/ · 

day)- 1'2 (L/ day) 't'7'0 (yrl)•1.75~ 
1I13/L 

~·her.: 
C.•ectioa level in water (1I13/L) 
R •10"" • (1.1.Z.Z· Tetrachloroethane it a Clau 

C carcinopn) 
W •70 lea adult 
L T •70 year lifetime 

CSF-0.20 (mg/i:.g/dayr• 
1-H/day 
A•l 
ED-70 year expoau.-e duration 
rv. Sample C&lculetiona for Haurdoua 
Conauruenta in SoU. 

A. Systemic Toxicanu 
Example calculations for toluene: 

C.- [0.30 (rq/i:.g/day)'tS (q)J/(0.2 (g/ 
day)'l'O.oot {i:.s/sl •24.000 ma/q 

wherr. 
C. • action level in aoU (rq/q) 
RlD•O.JO 1n3/ka/day for toluene 
W •tS q (5 year old c.luld) 
I•0.2g/day 
A•t 

B. C:zrr:mog.mc U>n•tJ tut!n ~ 
Sample calculacoa for 1.1.2..1.. 

t e tnchl OI"'Otha.ne: 

C.•(to-•ro tkal'70 (ynlJ/(0.20 (~/q/ 
dayr•·o.t (s/dlay)'O.OOllklJ/aJT:-o 
(yn)J-35.0 IX13/q 

wherr. 

-

C.•acttoa level in aoU !ma/q) 
R •to-• (l.l.Z.Z·tetrachloi"'OtJan. ia a Clua c 

carcinopa) 
w-roqadult 
LT•70 year lifetime 
CSF-o.20 !a~~/kc/dayr• 
1•0.1 a/day 
A•1 
ED•70 year expoture duralioa 

AP9£NDIX F--lJST 0tr CO...STTTVEHTS SHowiNG AcT1oN lEva. S0UAa 0ATA 

~----------·----·-·---.. -...... ___ .. _, ____ _ Aoeb ...... ________ , ___ . ___ , .... ________ , __ ._. ____ --1 

~101·--------------·-·---·-· ....... 
~ ---------.. ·--·----.. ----------
~111111e----------·---·---------.. --.--.. 
Aldlic:8r1l -··---.. ----·-·--
Aknl----·---··-------AllylliCIOf'cll ___________ , ____ _ 

~ pl'olpnide 

~-------·---·--------·-------­Atrl/tn'lcl'lf--------·-----·-.. - .... 
~-----·----
~ (2) ·--------------------·--i 
~~~--------------------------------~ 
~Onc-------------------------------------==-----=--=-:::.·_ .. _-_-_-__ -_-:_-:-._-:_-·:::::_·:::::_·_··-_-_-:_-__ -_-_-_-_-_-_-:_-_-_-_-_--i-1 
Bie(2...,., .. ~ 
818(~. 
Bo C»tiOdcltk:lie»t"""* .. 
Bromolaml-------------·----· 
Bo~ ... 

8\Ayt l:llnrr4 ~·----------·---::::.:::::::::::::::::.:1., 
~-----------------------­
~~------------------------------~ c.tlan diiUIIdl .. ___ _ 

c.tlan~«~~-----------------------------------------1 
~------- ·-~-------------------------------~ 
~------------------------~-1 CNorN eylrldl ______________ --------;. 

0"0\JOII-·--­
CNorolaftl 
2~0111'*1111 __________________ , Cl'wcrruW Mt ____ .. __ 

~ C'tW'idl-.. -·-·----_:::::::::::::::::::::::::::~ 
rn-er.ol--·-·--·---------------------1 o-0..11.---------· 
~-----.. ·-·-_·-::::.=========:.:.:.-:.-:.~~-:_-:_-..:_-_-:._-_-_-__-_-__ -1 ey.,..., __ _ 

C'yat!oQen .. -----------·-::::::::::::::::::::::::::::::::::::.::·:::::-------, ev.,.., twon'lde .. _--_-_-·_-. ____________ . -----1 

coo ______ .. ------------------------------1 
~~--------==~.------------------------, 
Dilu¥ ~-----·------ -------------1 Oilutt'tl•--· ... -------·--------------------1 
~::::=------------------------~ 1.2- -
1,1.ac:Noo~· 
2.4-acNaiOCII'*IIII 
2.~ .......... 1dd·..:..:. _____________________ ___, 

1.3-acNoCJOIUC*•=--.:.:_~------------------------j 
~ 

~~======-=----------------------1 ~ ... ...,..... .. ___ .. _,. ___ . ·-·--·-................ --......... -....... - ........ - ... 

a... 

D 
D 
D 

82 
B1 
D 

82 
D 
D 

82 
D 
A 
A 
D 
D 
A 

82 
82 
82 
82 
D 
D 
c 

11 
0 
D 

82 
0 

aa 
0 
a 

82 
D 
A 
0 
0 
0 
0 
0 
0 
0 

82 
82 
82 
0 

82 
82 
0 

a 
c 
0 
0 

82 
a 
D 

a 

Oral N'D 
~~~ 

4.!E-oo ~se-00 

1.ot!-01 
I.OE-oa 
1.ot!-01 
2.0E-04 

1------t----i·---.............. .. 
1-----!-----· .... - .............. .. 

5.ot!-01 !---~-............. _,_ 
5.4E-01 Z.4E -01 

1----~--·---~---- .... 
l-----l· 1.7E+01 I 1.~~~~ 

5.7! -03 ---.. --

1.31-0:1 
3.0E-01 
S.OE-01 
4.01-04 

1-----+-------~ s.o£-~'01 
1-----11-------+---·-· i ' .. 3.~.~-~~ 

4.0E-04 
1.0E-0:1 

7.0E-01 
S.OE-02 
3.011-01 
5.01-01 
2.01-02 

2.011-02 
2.0E-02 
1.4e-03 
2.01-01 
5.01-04 
4.01-01 
1.01-01 
7.011-04 
2.011-01 
1.011-01 
s.011-oa 
2.01-01 
1.01-01 
5.01-01 
5.0&-01 
5.01-0:S 
5.01-e. 
5.01-02 
5.011-oa 
2.01-01 
4.01-oa 
1.01-oa 

5.01-04 
1.01-01 

2.01-01 

1.01-01 
3.01-01 
101-01 
3.01-04 
5.01-01 
1.01-01 

1.CIE-~ ----'--............... .. 
2.JE +02 :ue .. oz 
4.JE-oo a 4€-oo 
1.4E-02 ... - ............... .. 
1.1e:-oo 1.1e-oo 
1.JE-oo ·----............ .. 

1-----1----i·--........... .. 

!-------;~==;-:·~;; 
1.3i-Oil 1.3€-00 

1----+-----i----...... 
5.01-01 1----~--

1.11-oa I.IE-02 

r----1----i·-.. - ........... . 
1-----+-----::J:=.:::~:::::::: 
!----+-----.. ---............ .. 
!----+---=--~-·----......... .. 

UE-01 
3.4E-01 
3.4-01 

5.4E-OO 
4.51-01 

3.4E-01 

5.4E-OO 

5.01-011----t--­
a.tE-02 
l.ot!-01 

a.tE-02 
1 2E-OO 

1----l------·--·-......... .. 

1 5E .. 02 
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~-

~ 
StyrWW. 
1,1.1.Z·T~~e 
1.2.4.5-T ... __ ,_. 
1,1,1.Z·T....,.__,.,... 
1,1.Z.Z.T....,._~,. 

T~ 
2.3.4 ... T......,..lloloptwuCII 
T......,....., 
T~ 
Thlllo 
Thallunl -
l'h8111n~ 
Thlllllll~ 

Thellunl -- -l'h8llln __,.. 
TNoNI•**t a ,.,... 
T<*~Me 
T 
1.2.4-TIIOI*'oOII- le 
1,1,1·1: 
1, 1.2-T 
TrlcNal_,.,... 
T 
2.4.1-Tllulilolop.'W IGI 
2.4 ... TIIuliloi ... IGI 
2.4~TIIul*' ..... ,... ... 
1 ~ Tllui*'CJijioc-; 1e 
v .............. 
x-
Zlno~ 
Zinc pftalillflldl 

For the rea10111 tet out ID the 
preamble. 40 CFR part12M. 281. Z10. 
and Z1'l are propoMcl to be amended u 
foUowc 

PART 214-1TANDARD8 POA 
OWNIM AND OPERA TOM Oil 
~..ooc.-WASTI TRIA'n.NT, 
S1'0AAGI. AND DtiPOUL 
PACIUTIU 

1. The autbartty dtatioG far put 21M 
CODti:Daet to IMcl U follow~= 

AudMdlr. a u.s.c. --.IIU(a).--. aDII 
eas. 

2. SectiOD 2M.111 1 11ll7 b d bJ 
revtliq parqrapb.t (dJ ... (It 
introductorJ text to,... .. ..... 
.... 1 ,., ............. uz tft) • 

• • • • • 

0.. 
< 

0 
c 
c 
0 
c 
c 

82 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

82 
0 
0 
c 

82 
0 
0 

112 
0 
0 
0 
0 
0 
D 

rule patlcl to euch a penollallCt.r put 
:DO ol tbil c:haptlr. 
• • • • • 

• • • • • 
I ... "' (R II JUilld 

S. Ia 40 Cft put M nbput P,lt II 
propoeecl to NIIMrft .... 10!. 

to 11140 Cft put Mlabpat G.lt II 
propoeecl to UMDIII:IM.1U br 
ndsrlpatlal puqrepbl (a)(t)(ll) u 
(a)(t)(Ul) aDil (b)(t)(U) u (b)(t)(UQ. ADfll 
bJ addfat DIW puqrapba (a)(t)(U) ADfli 
(b)(t)(tl) ... nM u lollowl: 

..... ,,. 0... .......... ........ 
(d) The reqWmDeDta ol ~ applJ • 

to a pet'IOil dllpoliaa of baardaaa (a) • • • 
• • • • 

WUtl bJ IDMDI of~ (1) • • • 
lnjectioD tubfect to • permit laaucl (U) CocrectlweletSc. nqaiiM at 1M 
und.r ua Uadarpouad IDjec:U• CODtrol amt ar m. fadlltr adlr labput swill 
(UIC) pqnm approncl ar proamlptlcl cWq 1M~ of ,..ua1 ar ftaal 
uncllr the Safe DriDidq Wat. A1:.t oa.lJ c:lolan; ar 
to the ext1at tbeJ am required by 
lttut of th1l c:Upt&o and to tbe t~&tat 
they are lDd~ lll a B.CtA permit by 

• • • 
(bp •• 
(1} ••• 

• • 

Noo OC.t:III09W*: ~ I c.c. ~-= e!!..:1a 

Or-. Af'O 
....,.....,. Or-.t~cc~e inllala1lcn 

(l'nQ/ kel dt AFO <"'41 lector ~'"01 IIO!le laciiOr 
k~d) lo:Q/ 1 (I'I'IQ/kg/d) ' 

3.0E-04 . - ----·-2.0£-01 ------- -····-······ 3.0E-oa z.ee-oa 2.SE-02 
3.0E-04 ·------- ·-····--·-3.0£-02 2.SE-C2 2.fSE-02 

·---- 2.0£-01 2.0£-01 
1.0£-02 s.te-oa 3.3E-03 
3.0E-C2 -
1.01-07 -···-·-
5.01-CM ·-7.0E-01 ··---
t.OE-OS 
1.01-01 -
1.01-01 
1.01-01 ·------···-
1.01-0S ··--·-
1.01-03 ·-
5.01-01 --·-
:1.01-01 Z..OC-00 .,_ 

1.1E-OO 1.1E-OO 
2.01!-01 :a.OI-01 
1.01!-01 :1.01-01 ···-···· 
4.01-01 s.n-oa 5.~-02 

1.1E-C2 
:1.01-01 2.01-01 
1.01-01 --

2.0E-C2 2.0£-02 
1.01-01 
1.01-01 
1.01-01 ·-
2.01-00 3.01-01 
5.01-01 
3.01-CM ·--·-

(U) Cotrtc:the actioa required at the 
UDit ar the fad.Uty under aubpart S will 
delay the complatioD of partial or final 
doeare: ar 
• • • • • 

5. 40 CFR put 2M I.J amended by 
addtq tubput S to read u follows: 

..... ~..,. .... Actloft for Sold 

.... ... 111 IIIUnltil 

2IUOD PllrVQM ud appllcabilltJ. 
2IUOI DallaiUaDI. 
.......... (J••"«<J. 
2IIU1I ........ to perform l'ltUdial 

IDnltifadoDI. 
2IIUU Soope ol ,_.dial blftltiptioaa. 
2IUIJ Plut b ,_.cilallzlYHtiplioDL 
2IU1I ..,..... ol ftiMd1aJ IDnsUptioaa. 
JM.Ilt Dalsudwtloa ol DO fanUr actioa. 
2IM.IWI [lluavtd) 
2IM.at laqzb otto perform corrtctive ........., . 
28Uil Acta. "-""a. 
2IIUU loape rl caaKtbe uuan atudies. 
_.. PleMJar oouwc:ti,. IDMIIIrl ...... 
28U1I lipaN of CICII!Ktift DIU'IIrl ..... 
2IIUJI Salacd• ol ~ 
...... ...... 80Cti&atloa for remedy. ....., ._..,..._. 
..........._~. 

2M.UI ..._ ol remedy tmplememation. 
28U3G ~ ol. rwmedla. 


