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This Soil Addendum Report (addendum) has been prepared as a stand-alone attachment to the Draft 

Phase II RCRA Facility Investigation Report (RFI) for Solid Waste Management Unit ·(SWMU) #30 

(Landfarm) dated May 2001 (TtNUS, 2001). As described in the draft RFI (TtNUS, 2001), five rounds of 

ground water data were collected at the Landfarm between October 1999 and October 2000. Results of 

these data showed that no statistically significant impacts to ground water occurred from opera!ions at 

this SWMU. 

Because of no impact to ground water, the Navy requested No Further Action at this SWMU for all media. 

The U.S. EPA recommended that the. Navy proceed with drafting a risk' screening document for this 

SWMU as part of an official no further action request and also recommended that the Navy collect and 

analyze soil/sludge samples from the Landfarm. Soil/sludge sampling' field investigation activities at the 

Landfarm were conducted in early March 2002, All of the soil samples were analyzed for the target 

analyte list metals and cyanide, hexavalent chromium and pH. Additional sampling details are provided .in 

. Section 2 of this addendum . 

As discussed in Section· 3, data evaluation resulted in eliminating aluminum, cyanide and the 

macronutrients (calcium, magnesium, potassium, and sodium) from the risk screening process. Data sets 

to be used. in the risk screening process were created in accordance with statistical findings and then 

compared to Base-Wide Background sample sets as well as each other to further investigate chemicals 

that could show potential concern at SWMU 30. Six analytes were found not to be. statistically greater 

. than background in the surface soils (barium; cobalt, manganese, nickel, selenium, and thallium), and 

only mercury was eliminated by a statistical comparison test (WRS test) as not greater than background 

in· subsurface samples. Antimony, arsenic, beryllium, cadmium, chromium, copper, iron, lead, mercury, 

silver, vanadium, and zinc were found to be statistically greater than baqkground in grid surface soils. 
. . 

Surface soil samples were found to be different comparing grid samples to the perimeter samples for six 

analytes (antimony, chromium, copper, mercury, silver, and zinc) showing that the grid samples were 

elevated in surface soils compared to the perimeter, No evidence was found for any differences between 

the grid and perimeter samples in subsurface soil. 

As part of the HHSE, antimony, arsenic, chromium, iron, manganese, and vanadium were· the only metals 

detected in soils at concentrations exceeding screening levels typically recommended by EPA Region 5 

for selection of COPCs for human health risk assessment. Cancer risk estimates developed for the 

hypothetical future resident· and typical industrial worker do not exceed the risk management range 

040104/P (Addendum) " ES-1 CTa 0019 
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(1 E-04 to 1 E-06) often used by EPA to determine the need for environmental remediation or to set 

environm'ental standards and criteria. Non-cancer risk estimates indicate a marginal exceedance of the 

EPA non-carcinogenic .benchmark (a hazard index of 1) when the hypothetical future resident is 

evaluated. Non-cancer ris~ estimates do not exceed the benchmark when the typical industrial worker is 

evaluated. The non-cancer risk estimates were developed in a very conservative manner - assuming that 

a human receptor is exposed to the maximum detected concentration and very conservative toxicity 

benchmarks were used to evaluate iron and manganese. Consequently, the non-cancer risk results are 

likely to be over estimated. 

From an ecological perspective, silver is the only metal detected in the Landfarm surface soils at 

concentrations that may cause a risk to ecological receptors. , Concentrations reported for many sample 

locations' exceed the maximum background concentration by an order of magnitude or more; while 

samples in two grid cells had silver concentrations greater than the soil remediation intervention value, 

which is indicative of serious contamination. However, based on a review of the literature, it is unlikely 

that the silver in the soil will be available and thus toxic to ecological receptors, although there is some 

• uncertainty i~, this conclusion. Therefore, the elevated detections of silver in the soil do not warrant 

, further evaluation. , 

While several other metals were also detected at concentrations exceeding background and the EPA 

Region 5 EDQLs, there were few, exceedances of alternative screening values referenced in the 

,ecological risk screening evaluation (Section 5). Also; in most cases the detected concentrations were 

within 2 or 3 times the maximum Base-Wide Background concentration. Therefore, risks from these other 

metals are low and do not warrant further evaluation. 

Based upon the results of this soil investigation, the Navy believes that human health and ecological risks 

are within an acceptable range and do not warrant further investiga!ion. The ground water data do not 

indicate that the ,soils have adversely impacted ground water quality (TtNUS, 2001) and there are no ' 

significant ground water quality problems in the vicinity of the site. Therefore, no remedial actions are 

,warranted for ground water or soils at the site and a recommendation for No Further Action is requested 

by the Navy. This No Further Action request is for all media based on review of the operational history of 

the site, wastes that were disposed, the lengthof time they were disposed, and site analytical data. ' 
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This Soil Addendum Report (addendum) has been prepared as a stand-alone attachment to the Draft 

Phase II RCRA Facility Investigation Report (RFI) for Solid Waste Management Unit (SWMU) #30 

(Landfarm) qated May 2001 (TtNUS, 2001). It is not the purpose of this addendum to repeat information 

that has already been presented in the draft RFI,but to add to it; The, reader should have a copy of the 

draft RFI (TtNUS, 2001) available while reading this addendum as numerous references are made to 

sections, tables and figures contained in the draft RFI report. In particular, Section 1 of the draft RFI 

should be reviewed prior to this addendum to gain a thorough understanding of the site. 

As described in the draft RFI (TtNUS, 2001), five rounds of ground water data were collected at the 

Landfarm between October 1999 and October 2000., Results of these data showed that no statistically 

significant impacts to ground water'occurred from operations at this SWMU. 

Wastewater treatment plant sludg,es were applied at SWMU 30 (Landfarm) from November 1988 through 

March 1995. Although laboratory analyses were performed on these sludges, the only available data are 

from January 1990 through July 1992 (re!er to Tables 1-2 & 1-3 of the draft RFI; TtNUS, 2001). The 

primary constituents of concern are several metals including cadmium, chromium, and nickel. The 

presence of these metals was the original reason Region 5 became concerned about the wastewater 

treatment plant sludges from electroplating operations as potential F006-listed hazardous waste. [These 

metals have been detected in' sludge samples (1990, 1991) for SWMU 30.] Based on existing site 

information, wastewater treatment plant sludges were not preferentially applied to any particular sub-area 

, , of SWMU 30. The surface and subsurface soil sampling activities discussed in this addendum were 

intended to determine whether significant quantities of waste materials (metals) had accumulated in the 

, soils as a result of the sludge application. 

Because of no impact to ground water, the Navy requested No FiJrther Action at this SWMU for all media. 

The U.S. EPA responded to this requestofl October 30, 2001, recommending that the Navy proceed with 

drafting a risk screening document for this SWMU as part of an official no further action request (as was 

done for previous NSWC Crane SWMUs such as the Lithium Battery Site). As requested by the U.S. 

EPA, the risk screening was to be conducted using the Technical Guidance on Corrective Action Activity, 

Naval Surface Warfare Center Crane, Indiana dated August 1999. The U.S. EPA also recommended that 

the N,avy collect and analyze soil/sludge samples from the Landfarm in order to identify any pote~tial risks 

that may be present in the soil/sludge exposure pathway. They further suggested that samples should 'be 

collected from the surface soil (0 to 1 foot); tested for total metals; ~nd these results compared to the 

040104/P (Addendum) 1-1 CTO 0019 
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Basewide Background Soil Investigation levels arid risk-based screening levels for soils (human health 

and ecological). They further added that this would determine what, if any, institutional and/or' 

engineering controls might be necessary for the SWMU should soil/sludge sampling show elevated levels 

of constituents. 

'. 

A conference call was conducted on November 8, 2001 to discuss the proposed additional activities for 

the Landfarm. The following summarizes EPA's recommendations from this conference call: 

• No additional risk screening was required for ground water. 

• A. streamlined Soil Sampling Work Plan Addendum was to .be prepared referencing previously 
! 

approved NSWC Crane QAPPs,including the types, number, locations and depths of samples to be 

collected. The Old Rifle Range (SWMU 7) QAPP was used to prepare the Work Plan Addendum for 

the Landfarm. 

• It possible, the field crew was to make visual distinction between sludge and soil. 

• Analyze only for metals (F006) and any other metals related to F006 including cyanide. 

• Sampling depths should include surface (0 to 1-foot bgs) and shallow subsurface (1 to 4 feet bgs) .. 

• . Incorporate grid and/or random s~mpling methods. 

• Compare results to Risk Based Screening Levels and Background Values. 

• Use both industrial and residential values for comparison. 

• May want to perform intermediate risk assessment, which would fall between a quantitative and a 

qualitative screening. 

• The assessment will need to also address ecological factors. 

following this conference call, the Soil Sampling Work Plan Addendum was prepared (TtNUS, 2002), 

submitted and approved by EPA Region 5. 
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Soil/sludge sampling field investigation activities at the Landfarm were conducted in early March 2002. 

Field procedures including sampling m,ethodologies referenced in the Old Rifle Range (SWMU 7) OAPP 

were used in the Work Plan Addendum for the Landfarm. It should be noted that SWMU 30 is unrelated 

to SWMU 7 and was used only because it was a OAPP that had been recently approved by EPA Region 

5. 

TtNUS mobilized to the site and collected surface.and sUbsurface soil s,amples between March 4 to 8, 

2002. Appendix A contains copies of the appropriate pages from the field logbook for that field activity. 

Appendix B contains all of 'the soil sample log sheets and boring logs for the Landfarm collected to date. 

Copies of all of the chain-of-custody forms are provided in Appendix C. 

Soil sampling locations shown in Figure 2-1 were selected as follows. SWMU 30 was divided into 12 sub

areas as shown in Table 2-1 (each sUb-area represented approximately 9,000 square feet). Each sub

area was divided further into a 1 0-by-1 0 array of subcells (i.e.,.1 00 sub-cells approximately 90 square feet 

each). Five subcells within each sub-area were selected as borehole sampling locations (the borehole 

was advanced at the approximate center point of the sub-cell). Sub-cells to be sampled were randomly 
.' . 

selected using a uniform random number generator [Microsoft Excel 97 SR-2 (h)]. This soil sampling 

desigh constituted a stratified random design [as was used in theevaluatio'n of SWMU 1/12 (Mustard Gas 

Burial Ground) during another NSWC Crane investigation]. Samples collected from each of the five 

subcells in each sub"area were composited and the composite soil sample were analyzecj as described 

below. Samples were collected at the three depth-intervals desc;ribed below. Thus, three composite soil . 

samples were submitted to the laboratory from each sub-area [i.e., a total of 36 composite soil samples 

(i.e., 12 sub-areas; 3 composite samples from each sub-area) were submitted for analysis]. Additionally, 

6 qorings (18'samples) were advanced just outside the assumed limits of SWMU 30 to confirm the lateral 

, extent of the SWMU and to further investigate potential contaminal1t migration from the SWMU. 

Figure 2-1 of this addendum shows the surveyed sampling locations for soil samples collected at the 

Landfarm in'March 2002. '. 

'. Based on Crane personnel interviews and historical accounts of the sludge application activities, the 

• sludges were highly liquid and were spread over the ground surface .. At the 'request of the U.S. EPA, an 
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attempt was. made during sampling to differentia.te between sludge and native soil. Field personnel 

indicated that there was no obvious visual distinction between the two at any of the locations sampled. 

Excess soil cuttings from the borings were placed back in the borehole. Details regarding soil sampling 

equipment and procedures are discussed in the Work Plan Addendum (TtNUS,. 2002). 

Three soil samples were collected from each borehole location from the following nominal depth intervals: 
. , 

o to 6 inches, 6 inches to 2 feet bgs, and 2 feet to 4 feet bgs. Bedrock was not encountered at these 
. . 

shallow depths, therefore all depth intervals were successfully collected. Surface soils were defined as 
'. .' 

soils 0 to 2 feet bgs, and subsurface soils were defined as soils greater than 2 feet bgs. 

Although subsurface soils were collected (2 to 4 feet bgs); contamination was thought to be most likely in 

the surface soils (versus subsurface soils) given the fact that the sludges were applied to the surface 

soils. Initially, samples from the 0 to 6 inch soil interval and the 2 to 4 foot bgs soil interval were analyzed 

for target analytes. The soil sample from the 6 inch to 2 foot bgs interval would have been analyzed if 

chemical concentrations in the 2 to 4 foot depth interval had been less than the following screening levels 

'. (and background): 

• U.S. E~A Region 9 Preliminary Remediation Goals for exposure to soils (residential land use) 

• IDEM - Tier I Default Closure Levels for soils for Residential Land Use 

• U.S. EPA S.oil. Screening Levels for Soil Ingestion, Transfer from S.oils to Air, and Migration from Soils 

to Groundwater 

• . U.S. EPA Region 5 Ecological Data Quality Levels 

There were numerous exceedances of these criteria in the 2 to 4 foot interval. Therefore, the additional 

expense of analyzing the intermediate sampling zone wa.s not felt to be beneficial (it was only 1-1/2 feet 

thick). A total of 54 samples were collected (i.e., 36 sub-area samples and 18 boundary samples), 

however as described above, only 36 of these 54 samples were analyzed. 

All of the soil samples were analyzed for the target analyte list metals and cyanide, hexavalent chromium 

. and pH. The analytical detection limit requirements, analytical methods and corresponding laboratory 

SOPs, quality control samples collection frequency, .matrix spike and laboratory duplicate control limits, 

laboratory control sample-control limits, and bottleware, preservation, and holding time requirements were 

specified in the Work Plan Addendum. 
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This section describes the specifics concerning sampling locations, sampling procedure, analyses and 

field operations that were followed as part of soil sample acquisition. Table 2-2 shows the soil target 

parameters and,their respective MDLs, IDLs, RLs, and RBTLs. These., values are the ones used for 

comparison and presentation purposes in preparation of all of the remaining data tables in this section. 

2.2.1 Surface Soil Sampling 

. At the Landfarm, surface soil samples were collected from the ground surface to a depth of 0.5 foot (0 to 

6") during advancement of soil borings using a Direct Push Technology (DPT) track-mounted rig. 

Upon retrieval, all samples obtained were monitored for volatile organic compounds (VOCs) with a 
r 

photoionization detector (PID) for health and safety concerns and then examined for visual lithologic 

classification .. Each 0- toO.5-foot depth interval sample was placed into a stainless steel mixing bowl for 

compositing with the other locations of the same depth in the same cell (grid). After thorough mixing in 

the stainless steel mixing bowl, samples were then placed in appropriate sample bottles and then into a 

• cooler of ice immediately after collection. 

• 

This process wa's followed for each grid with 1 surface sample each- from 5 borings collected (total of 5 

distinct surface samples per grid excluding QA). From those 5 samples, 1 composite sample at this depth 

was created for analysis. 

Boundary surface grab samples were obtained from 6 locations at the same depth noted above. 

2.2.2 Subsurface Soil Sampling 

All subsurface samples were collected from the_same soil boring as the corresponding surface sample. 

Soil samples were collected at two depth intervals of 0.5 to 2 feet and 2 to 4 feet bgs using a DPT rig. 

Upon retrieval, all samples obtained were monitored for volatile organic compounds (VOCs) with a 

photoionization detector (PID) for health and safety concerns and then examined for visual lithologic 

classification. 'Each 0.5 to 2cfoot, and 2 to 4-foot depth interval sample was placed into depth-specific 

stainless steel mixing bowls for compositing with the other locations of the same depth in the same cell 
. ' 

(grid). After thorough mixing in the stainless steel mixing' bowl, samples were then placed in appropriate 
. . . 

, sample bottles and then into a cooler of ice immediately after collection. 
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This process was followed for each grid with 2 subsurface samples each from 5 borings collected (total of 

10 distinct subsurface samples per grid excluding QA). From those 10 samples, 2 composite samples at 

the depths indicated above were created for analysis. 

Boundary surface grab samples were obtained from 6 locations at the same d~pths noted above. 

After sampling, the boreholes were abandoned by' backfilling the hole with' remaining soil cuttings. 

Because of the shallowness of the holes and samples required, no excess soil was generated. 

2;2.3 Borehole and Soil Sample Logging 

A lithologic description of each soil sample and a complete log of each boring was maintained by the 

TtNUS geologist in accordance with theQAPP. Appendix B contains the boring logs and soil sample logs 

for this investigation. Each boring log contains the following information: 

• Borin'g identification 

• Name of geologist loggirig the boring 

• Sample numbers and types 

• Sample depths 

• Soil density or cohesiveness 

• Soil ,color 

• Unified Soil Classification System (USeS) material description 

• Location of boring 

• OPT problems/deviations from project-specific SAP 

, 
In addition, depths of changes in lithology, sample moisture observations, organic vapor (i.e., PI D) 

, 
readings, augering methods, and total depth of each borehole, and other pertinent observations were 

included on each log. 

2.2.4 Field Measurements for Soil Sampling 

Throughout the OPT aCtivities, all soil samples were screened for VOCs for health and safety purposes. 

No readings were obtained that were of a health and safety concern. 

Soil samples were classified according to depositional erwironment and grain size (clay, silt or sand) . 

These classifications were designed to be comparable to those used in the "Base-wide Background Soil 
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Investigation for NSWC Crane" ,(TtNUS, 2000) so as to permit accurate comparisons when determining 

whether site target analyte concentrations exceeded background concentrations. 

Soil samples were also characterized with regard to horizontal mapping coordinates (surveyed) (see 

Figure 2-1) 

2.3 DECPNT AMINATION 

The equipment involved in field sampling activities was decontaminated before beginning work, during 

drilling and sampling activities, and at the, completion of the project. This equipment included the DPT rig 

and down-hole tools and soil sampling equipment. 

I 
All nondedicated reusable sampling equipment used to collect samples was' decontCiminated before field 

sampling, between samples, and before leaving the site. This equipment included DPT rods, the macro

core sampler and stainless steel bowls used for sample compositing. ',The following decontamination 

steps were 'taken: 

• Potable water, phosphate-free detergent wash (scrub if necessary) 

• Potable water rinse 

• 'Deionized (DI) water rinse 

• Air dry (if possible) 

• Wrap in aluminum foil (if not used immediately) 

The DPT rig was cleaned upon site arrival and prior to leaving the site. Additional guidance for 

, decontamination was supplied in SOP CT056-5 (Appendix B of the QAPP). 

Disposable equipment used for sampling activities was decontaminated using a detergent wash and 

potable water rinse~ placed in plastic garbage bags, and discarded in dumpsters on the NSWC Crane 

facility in accordance with procedures described in SOP CTO 56-5 (Appendix B of the QAPP). 

2.4 INVESTIGATION-DERIVED WASTE (IDW) HANDLING 

This investigation generated two types of potentially contaminated residues or investigation-derived wa~te 

(IDW): 
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• Personal protection equipment (PPE) 

• Equipment decontamination fluids 

IDW was handled as described below and' i"n SOP CTO 56-5 (Appendix B of the QAPP): 

PPE, DPT Soil Core Liners, Plastic Trowels - All PPE, tubing, DPT sample liners, and plastic trowels were 

decontaminated and double bagged and placed in trash receptacles at the facility. 

Equipment Decontamination Fluids - All DPT and sampling decontamination fluids were stored in 8-gallon 

plastic containers and discharged into the NSWC permitted sanitary sewer system" in accordance with 

theQAPP. 

2.5 SURVEYING 

All soil borings locations associated with this RFI were surveyed (see Figure 2-1). All ground surface 

elevations were surveyed to the nearest 0.01 foot. Vertical elevations were referenced to' the 1988 

National Geodetic Vertical Datum (NGVD88). Existing survey monuments around NSWC Crane were 

used as reference points. Horizontal locations of samples and borings were surveyed to Indiana State 

Plane coordinates, zone 1302 within the nearest 0.10 foot and referenced to the 1927 North American 

Datum (NAD27). The survey points ,are shown in Table 2- 3. 
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GRID SAMPLING AREAS (1-12) FOR SOIL SAMPLING SWMU 30 
NSWCCRANE 

CRANE, INDIANA 
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LOCATION 
30CP01A 
30CP01B 
30CP01C 
30CP01D 
30CP01E 
30CP02A 
30CP02B 
30CP02C 
30CP02D 
30CP02E 
30CP03A 
30CP03B 
30CP03C 
30CP03D 
30CP03E 
30CP04A 
30CP04B 
30CP04C 
30CP04D 
30CP04E 
30CP05A 
30CP05B 
30CP05C 
30CP05D 
30CP05E 
30CP06A 
30CP06B 
30CP06C 
30CP06D 
30CP06E 

TABLE 2-1 

GRID SAMPLING AREAS (1-12) FOR SOIL SAMPLING SWMU 30 
NSWCCRANE 

CRANE, INDIANA 
PAGE 2 OF2 

AREA X Y LOCATION AREA X 
1 4 4 30CP07A 7 5 
1 6 6 30CP07B 7 5 
1 6 7 30CP07C 7 5 
1 8 7 30CP07D 7 6 
1 6 8 30CP07E 7 1 
2 10 10 30CP08A 8 6 
2 4 9. 30CP08B 8 5 
2 6 2 30CP08C 8 8 
2 10 3 30CP08D 8 1 
2 10 6 30CP08E 8 7 
3 2 10 - 90CP09A 9 6 
3 .10 9 90CP09B 9 8 
3 1 6 90CP09C 9 4 
3 9 4 90CP09D .·9 6 
3 ·3 7 90CP09E 9 1 
4 1 4 30CP10A 10 4 
4 6 5 30CP10B 10 1 
4 3 9 30CP10C 10 5 
4 8 10 30CP10D 10 8 
4 4 5 30CP10E 10 6 
5 10 1 30CP11A 11 7 
5 9. 9 30CP11B 11 1 
5 5 9 30CP11C 11 8 
5 2 7 30CP11D 11 8-
5 1 7 30CP11E 11 10 
6 1 6 30CP12A 12 4 
6 . 10 9 30CP12B 12 - 9 
6 9 5 30CP12C 12 4 
6 9 6 30CP12D 12 6 
6 8 3 30CP12E 12 8 

• 
y-
10 
7 
8 
2 
6 
4 
2 
2 
5 
3 
3 
10 
7 
8 
3 
4 
1 
3 
8 
7 • 2 
7 
2 
9 
5 
6 
7 
5 
8 
1 

• 
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MDL = method detection limit 
IDL = instrument detection limit 
RL = reporting limit 
Ilg/L = micrograms per liter. 

= mil 

• 
TABLE 2-2 

DETCTION LIMITS VERSUS RISK CRITERIA 
NSWC CRANE INDIANA 

Asterisks Indicate those chemicals for which the laboratory RL exceeds the risk-based target level for the project. 

(2) 

Method Detection Limits (MDLa) (all parameters except metals), instrument detection limits (IDLa) (metals only), and reporting limits as provided by Laucks Testing 
LaboratOries, Inc. The values may change prior to the SWMU investigations as laboratory MDLa and IDLa are updated. . 

2 Value is based on the lowest human health or ecological ris~-based crtteria as presented in Appendix C of the MGBG QAPP TtNUS June 2001, Tables C-2A (solids) .. 
3 Laucks Testing Laboratories is confident that n can reliably report to this POL,' even though this value Is less than two times the MDL andlor IDL. 

• 



TABLE 2-3 

LANDFARM SURVEY POINTS 
NAVAL SURFACE WARFARE CENTER 

CRANE, INDIANA 
PAGE 1 OF2 

i~m~.AIl~1;!-__ S'01~S;«MB~INGIIZ~G~mJG5NS~~~BlilJE! :·~.f<.~=~n;,~ :~ill4-._ "<<>>i%,~_:"",..,~ ...... ,~"" ... ~_ .. ,_ct!:t~,t..."._ :./". ~1!_~'_"T'_~""""", "~,~""2i ~": <l'."",.",~' .. ,~,~. };iIft 

LOCATION EASTING NORTHING ELEVATION 
30CP01A 556669.4541 476147.5635 704.70 
30CP01B 556690.9143 476125.8310 705.74 
30CP01C 556690.0041 476115.932.4 705.93 
30CP01D 556710.3757 476113.7217 707.03 
30CP01 E 556689.4048 476106.0314 706.19 
30CP02A 556826.3026 476072.3439 708.31 
30CP02B 556767.5805 476088.3165 707.59 
30CP02C 556796.9268 476155.6925 708.29 
30CP02D 556832.9871 476142.3529 708.43 
30CP02E 556830.0754 476112.1635 708.35 
30CP03A 556847.2162 476070.4970 708.25 
30CP03B 556927.1963 476072.6485 706.84 
30CP03C 556841 .7605 476111.5273 .708.47 
30CP03D 556922.9194 476123.5926 707.90 
30CP03E 556861.7512 476099.1310 707.62 
30CP04A 556942.9125 476121.3691 707.31 
30CP04B 556993.2940 476106.2643 707.24 
30CP04C 556957.7001 476069.6379 706.13 
30CP04D . 557006.2031 476054.3927 707.44 
30CP04E 556973.2979 476108.3544 . 707.29 
30CP05A 557134.9094 476132.6364 710.13 
30CP05B 557117.4858 476053.9149 708.30 
30CP05C 557077.0581 476058.2818 706.77 
30CP05D 557048.8559 476070.4774 707.09 
30CP05E 557039.7994 476071.9957 .' 707.17 
30CP06A 557142.4795 476082.3440 709.05 
30CP06B 557206.3761 476045.0893 710.90 
30CP06C 557199.1172 476085.8629 711.09 
30CP06D 557198.9373 476076.2631 710.84 
30CP06E 557191.9584 476107.0021 711.25 
30CP07A 556671.2986 475987.6800 703.68 
30CP07B 556673.2309 476017.4245 704.43 
30CP07C 556672.7407 476007.4639 704.14 
30CP07D 556686.0064 476066.1849 706.25 
30CP07E 556634.3158 476031.3588 702.42 
30CP08A 556782.7723 476036.1484 706.79 
30CP08B 556774.3195 476057.9498 707.28 
30CP08C 556804.6044 476054.6036 707.66 
30CP08D 556732.5855 476031.4613 706.70 
30CP08E 556794.0204 476045.4793 706.48 
30CP09A 556884.5678 

, 
476037.0161 706.34 

30CP09B 556898.9213 475965.8337 704.32 
30CP09C 556891.6357 476026.3852 705.76 
30CP09D . 556880.3297 475986.9280 705.22 
30CP09E 556833.9560 476041.0600 706.23 

• 
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TABLE 2-3 

LANDFARM SURVEY POINTS 
NAVAL SURFACE WARFARE CENTER 

. CRANE, INDIANA 
PAGE20F2 

~~""~~""W~"'4S011!tSl\:MeI!IN~"'li1ee'Atlilti)NS.~_fi.~~~"~ :, " ~,·~rr,,: ~ ~"~: :~ .. ~;~~. ,n~~t ~~f~_",.~-+ .. -...:.~""'~:tt"A'~'"A._~~.~,.,,,, •. ~t.,.~~ ~~{~,~.'l,,~:~~,;).t~:~~~w.)v,,~ ~:> ~~ 1; / ".J1J('w . . ~~~v ,c',". _ ~'?' 
LOCATION EASTING NORTHING ELEVATION 
30CP10A 556963.1486 . 476019.0390 
30CP10B 556936.0063 476051.7091 
30CP10C 556973.4981 47.6027.9764 
30CP10D 557000;7993 475975.0112 
30CP10E 556979.5554 475987.2932 
30CP11A 557093.7421 . 476026.6563 
30CP11B 557029.8761 475982.6293 
30CP11C 557103.8340 476025.4990 
30CP11D 557097.4806 475955.9348 
30CP11E 557122.7647 475993.5672 
30CP12A 557155.2966 475980.$594 
30CP12B 557196.9920 475966.4872 
30CP12C 557155.4806 475990.7289 
30CP12D 557170.4786 475959.3788 
30CP12E 557189.1441 476027,2173 
30SB01 556890.3541 476179.0737 
30SB02 557091.0815 476162.3019 
30SB03 557230.4847 476027.7032 
30SB04 557058.9754 475923.9484 
30SB05 556875.5374 475944.7468 
30SB06 556605.8992 476088.4828 

DATUM STATEMENT: 
INDIANA STATE PLANE COORDINATES, ZONE 1302, NAD 27; AND 
MEAN SEA LEVEL ELEVATIONS, NGVD 88, TAKEN FROM THE FOLLOWING 
MONUMENTS: 

ARMY CORPS OF ENGINEERS GPS 40 1991 AND AZ. MARK 
ARMY CORPS OF ENGINEERS GPS 41 .. 1990 

705.90 
706.32 
705.97 
705.07 
704.88 
707.24 
705.43 
707.67 
706.84 
707.35 
709.34 
709.07 
709.53 
709.19 
710.60 
709.35 
709.98 
711.31 
705.70 
703.99 
702.29 
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3.0 SAMPliNG RESULTS AND STATISTICAL ANALYSES 

This section presents soil sampling results and sta~istical analyses conducted for evaluating potential site

related metal contamination. As part of these evaluations comparisons were made to Risk-Based Target 

Levels (RBTL), Crane Base-wide background conce,ntrations, and speCific data sets for those same' 

metals: Supporting tables, figures, and appendices are also provided. 

3.1 SOIL SAMPLING RESULTS 

Soil samples were collected from the soil borings shown in Figure 2-1 in accordance with the Work Plan 

Addendum (TtNUS, February 2002). ,These'samples were analyzed for the parameters listed in Table 

2-2. Table 3-1 presents all of the soil data obtained during the field investigation with corresponding date, 

depth, and other pertinent information. Sodium was the only' parameter analyzed that had no detections 

in any. samples. Analytical results for soils are summarized further in discussions provided below. 

'Those parameters with at least one positive result exceeding the RBTL include: antimony, arsenic, 

• barium, beryllium, cadmium, chromium (hexavalent), chromium (total), cobalt, copper, iron, lead, 

manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc. These parameters are noted 

by shading in Table 3"2. It should be noted that the RBTL for some parameters (antimony, arsenic, 

beryllium, cadmium, chromium (hexavalent), cobalt, lead, mercury, selenium, silver, and thallium) is lower 

• 

I than the limits of detection by the currently accepted methods of analysis available (see Table 2-2). 

However, in accordance with the Work Plan Addendum, the RL is the RBTL for parameters in this 

situation. 

The data validation letters for these results are attached to this report as Appendix D. 

Statistical evaluation of these results is provided in Section 3.2. Evaluation of risk to human health is 

discussed in Section 4,0 and evaluation of ecological risK is discussed in Section 5.0. 

3.2 STATISTICAL ANALYSIS 

In ?ccordance with th'e Soil Work Plan Addendum (TtNUS, 2002), a stratified random sampling design 

. was used to create a site grid surrounded by six perimeter soil sampling locations (see Table 2-1 and 

. Figure 2-1). Twelve (12) composite soilsamples w~re analyzed at two depths within the site grid. Each 

of the six perimeter (ooundary) locations were also sampled at two depths. The following describes the 

, .' general methods used to test sampling rationale hypotheses and the conclusions that resulted from the 
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statistical evaluation. Sample calculations for statistical evaluations performed are provided in 

Appendix E. 

3.2.1 Sampling Rationale Hypotheses 

Early hypotheses were formed about the SWMU before sampling was conducted. The 'six perimeter 

borings were sampled just outside the site limits of SWMU 30 to bound the data and were assumed to 

show that their was no migration of site related contaminants (see Figure 2-1). The surface soil (SS) data 

was sampled at 0 - 6-inches below grade surface (bgs), and subsurface soils (S8) that were analyzed 

were sampled at approximately 2 - 4 feet bgs. The sampling rationale hypothesis was tested that if 

contamination exists, it would be more likely to be present in grid. surface soils compared to grid 

subsurface soils given the fact that sludges were applied to the surface soils within the grid. 

Six data sets shown below were constructed to best test the hypotheses and to determine whether 

statistically significant quantities of metals from the sludges accumulated in the soils as a result of the' 

sludge appliqation (Iandfarming): 

1. All SS Samples (0,... 6 inch bgs) 

2. All S8 Samples (>2 feet bgs) 

3. Grid SS Samples (0 - 6 inch bgs) 

4. Perimeter SS Samples (0 - 6 inch bgs) 

5. Grid S8 Samples (>2 feet bgs) 

6. Perimeter S8 Samples (>2 feet bgs) 

Table 3-3 provides the detection statistics for all 6 of these data sets. 

3.2.2 Comparisons To RBTLs 

An initial focus on the chemicals of concern (COCs) was a comparison of all of the data to its specific 

R8TL (See Table 3-2). Concentrations that were positive detections and greater than the RBTL were 

bolded and shaded dark. Aluminum and cyanide were the only two analytes that did not have. an 

exceedance of the RBTL. Further investigation of the comparison showed that antimony exceeded its 

RBTL in one sample and manganese exceeded its RBTL in two samples.' Those analytes were targeted 

for the ·next com~arison as possibly showing no risk, however, because of an exceedance, they were kept 

in the data. The macronutrients consisting of calcium, magnesium, potassium, and sodium were also 
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taken out after the comparison to the RBTLs because these analytes are not generally of great concern 

from a risk perspective. 

After eliminating the par~meters discussed above (aluminum, cyanide, calcium, magnesiur:n, potassium, 

and sodium), Figure 3-1 graphically depicts the range of soil concentrations for each parameter compared 

to its corresponding RBTL. 

3.2.3 Grid and Perimeter Data Set Comparisons 

The next investigation on the data tested the hypothesis that the grid surface soil samples, if any 

contamination did exist, ,would be greater than the grid subsurface samples as well as to test the 

assumption that the grid samples (SS & SB) were statistically differEmt than the perimeter samples (SS & ' 

SB). , Three comparisons (shown below) were run utilizing the non-parametriC Wilcoxon Rank-Sum 

(WRS) test. This two-tailed test was used with alpha equal to 0.05 and the corresponding Z-critical value 

at ±1.96. These comparisons were run to determine if there was a difference for each analyte in the 

compared data sets: 

1. 

2. 

3. 

Grid SS vs. Grid SB 

Grid SS vs. Perimeter SS 
, ' 

Grid SB vs. Perimeter SB 

,For comparison 1, results of the "YRS comparing grid surface soil to grid subsurface soil show that the 
" 

original hypothesis was correct, (See Table 3-4) grid surface soil concentrations were found to be 

. statistically higher than the grid subsurface soil concentrations. Those analyt~s that supported this 

hypothesis were the following: antimony, barium, cadmium, cobalt, lead, manganese, mercury, selenium, 

silver, and zinc: 

The final two comparisons were conducted to support the initial probability plots and analysis on grid 

samples versus the perimeter samples. The WRS test also proved comparison 2, assuming grid surface 
, , 

soil samples would be statistically greater than the perimeter surface soirsamples, correct. The surface 

soil WRS results indicated six analytes where the grid was greate'r than perimeter, including five analytes 

that were constituents of sludge previously applied to the site (chromium, copper, mercury, silver, and 

zinc - refer to Tables 1-2 and 1-3 of the RFI Report, TtNUS, May 2001)., Antimony was the only other 

metal in this category, but is not listed in the historical sludge data. Comparison 3 was the only test that 

was disproved showing the evidence of data diq not support the original hypothesis that grid subsurface 

soil samples were statistically higher than perimeter subsurface soil samples. 
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Supporting evidence can be found in Appendix E Table 6 showing Coefficients of Variation for all oLthese 

comparisons. A Shapiro-Wilk W Test Statistic was calculated to find the best repre$entative distribution 

(normal or lognormal) in order to identify the most appropriate 95% UCL (See Appendix E). 

3.2.4 Background Comparisons 

As a result of the aforementioned conclusions, the last set of comparisons run on the data was a set of 

non-parametric Anaiysis of Variance (ANOVA) tests. The WRS was used in conjunction with the Crane' 

Base-wide Background Investigation Report. The data was analyzed using the six site data sets 

previously mentioned. The surface soil and subsurface soil samples fro,m SWMU 30 were determined to 

be from Loess/Glacial parent material. Surface soil results were compared to soil group # 1 from the 

Crane Base-wide Background Investigation Report. This group contains surface soils from Loess/Glacial 

parent material regardless of grain size.' This surface background data set contains five results. 

Subsurface soil results were compared to soil group # 2 from the Crane Base-wide· Background 

Investigation Report. This group contains subsurface soils' from Loess/Glacial parent material regardless 
. . . 

. of grain size. This subsurface background data set contains thirteen results. The following comparisons 

were run and analyzed to make final statistical conclusions on the data that were investigated: 

1. All SS vs. Background Soil Group #1 

2. AIISB vs. Background Soil Group #2 

3. . Grid SS vs. Background Soil Group #1 

4. Grid SB vs. Background Soil Group #2 

5. Perimeter SS vs. Background Soil Group #1 

6. . Perimeter SB vs. Background Soil Group #2 

These six comparisons using site data versus background data were conducted using a one-tailed test at 

alpha equals 0.05 with Z -critical set at +1.645 to determine if each of the specific analytes. were 

. statistically greater than the relevant background data set. Table 3-5 presents a summary of the 

statistical results with regard to these data set corpparisons. Table 3-6 presents the results of the WRS 

comparisons. 

/ 
With aluminum, cyanide, and the macronutrients (calcium, magnesium, pot?ssium, and sodium) 

eliminated from the data sets at this point, the results from the surface soil one-tailed tests indicated that 

barium, cobalt, manganese, nickel, selenium, and thallium were found not to be statistically greater than 

background in all three comparisons. All other analytes were found to be statistically greater than 
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background in at least two of the. three comparisons. As for the subsurface soil one-tailed tests, the 

results showed only mercury was found not to be statistically greater than background in all three 

comparisons. 

3.3 '. SUMMARY 

In summary the RBTL comparison eliminated only aluminum and cyanide from both the surface soil and 

subsurface soil data sets. The macronutrients (calcium, magnesium, potassium, and sodium) were 

excluded from the data based on analytes that-'would show limited potential risk. Probability plots and 

box and whisker plots were initially utilized to find that there was no apparent statistical. difference 

between the grid samples and the perimeter samples, although the WRS test wOlild be utilized to support 

this conclusion. Those same plots were also used to identify that their was a difference present when 

looking at the samples incorporating the depth. Data sets were made in accordance with the previous 

findings and then compared to Base-Wide Background sample sets as well as each other to further 

investigate chemicals that show potential concern at SWMU 30. Six analytes were found not to be 

statistically greater than background in the surfaCe soils (barium, cobalt, manganese, nickel, selenium, 

and thallium), and only mercury was eliminated by the WRS test as not 'greater than background in 

subsurface' samples. Antimony, arsenic, beryllium, cadmium, chromium, copper, iron, lead, mercury, 

silver, vanadium, and zinc 'were found to be statistically greater than background in grid surface soils. 

Further evidence through results from the WRS test proved that surface soil samples were found to be 

different comparing grid samples to the perimeter samples for six analytes (antimony, chromium, copper, 

mercury, silver, and zinc) showing that the grid samples were elevated in surface soils compared the 

perimeter. No evidence was found for any differences between the grid and perimeter samples in 

subsurface soil. 
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SITE LAND FARM LAND FARM 
LOCATION 30CP01 30CP02 
NSAMPLE 30CP010001 30CP020001 
SAMPLE 30CP010001 30CP020001 
MATRIX SO SO 
SUBMATRIX SS SS 
SACODE NORMAL ORIG 
DEPTH RANGE 0-0.5 0-0.5 
SAMPLE DATE 03107/02 12: 03107/0212: 
COLLECTION METHOD COMPOSITE COMPOSITE 
Inorganics (mglkg) 
ALUMINUM 12400 J 11300 
ANTIMONY 1.0 U 3.8 U 
ARSENIC 11.2 J 5.9 J 
BARIUM 110 J 114 
BERYLLIUM 0.99 J 0.86 J 
CADMIUM 0.81 0.71 UJ 
CALCIUM 1980 J 5170 J 
CHROMIUM 27.9 J 16.6. 
COBALT 12.4 12.8 J 
COPPER 13.5 14.2 
IRON .' 25200 J' 13700 J 
LEAD 25.8 J 19.2 J 
MAGNESIUM 1260 J 1180 J 
MANGANESE 994 J 1190 J 
MERCURY 0.054 U 0.11 
NICKEL 1'4.6 J 14.3 
POTASSIUM 980 J 816 J 
SELENIUM 0.60 0.48 J 
SILVER 2.2 U 4.4 J 
SODIUM 7.1 UJ 71.7 U 
THALLIUM 0.27 0.21 
VANADIUM 45.0 27.9 J 
ZINC 56.9 J 60.5 J 

• 

TABLE 3-1 

. SUMMARY OF ANALYTICAL RESULTS IN SURFACE SOIL 
LANDFARM 

NSWCCRANE 
CRANE, INDIANA 

PAGE 1 OF4 

LAND FARM LAND FARM , LAND FARM LAND FARM. LAND FARM 
30CP03 30CP04 30CP05 30CP06 30CP07 

30CP030001 30CP040001 30CP050001 30CP060001 30CP070001 
30CP030001 30CP040001 30CP050001 30CP060001 30CP070001 

SO SO SO SO SO 
SS SS SS SS SS 

NORMAL NORMAL NORMAL NORMAL NORMAL· 
0-0.5 0-0.5 0-0.5 0-0.5 0-0.5 

03107/02 12: 03107/0212: 03107/0212: 03106/02 12: 03108102 12: 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

20600 12600 J 14400 J 14700 J 18500 J 
3.8 U 4.4 U l.lU 2.7 U l.lU 
9.6 J 5.1 J 9.5 J 7.5 J 13.2 J 
81.1 159 J 147 J 143 J 86.4 J 

0.68 J 0.69 J 1.0 J 0.69 J 0.76 J 
0.69 UJ 1.2 J . 0.69 UJ 1.1 J 0.78 U 
1910 J 1600 J 22500 J 41000 J 2740 J 
25.5 20.9 J 24.3 J 25.1 J 29.0 J 

11.6 J 9.1 12.0 9.9 5.2 
14.9 27.3 13.8 23.0 23.4 

23800 J. 14700 J . 26300 J 17800 J 26500 J 
14.3 J 24.5 J 19.0' J 21.8 J 18.7 J 
2390 J. 1260 J. 1930 J 3590 J 2600 J 
403 J 881 J 1200 J 954 J 189 J 
0.05 0.058 0.051 0.11 0.055 U 
16.1 12.4 J 15.1 J 16.8 J 14.8 J 

1720 J 909 J 1440 J 1650 J 1550 J 
0.39 UJ 0.43 J 0.67 J 0.50 J 0.57 
0.75 J 19.4 J 2.8 J 13.4 J 0.38 U 
98.9 U 20.8 U 112 U 171 U 8.0 UJ 

0.35 0.21 0.24 0.21 0.37 
48.6 J 29.0 J 39.3 J 33.1 J 54.7 
64.5 J 87.7 J 55.0 J 89.6 J 67.5 J 

• 

LAND FARM LAND FARM LAND FARM LAND FARM 
30CP08 30CP09 30CP10 30CP11 

30CP080001 30CP090001 30CP100001 30CP110001 
30CP080001 30CP090001 30CP100001 30CP110001 

SO SO SO SO 
SS SS SS SS 

ORIG NORMAL ORIG NORMAL 
0-0.5 0-0.5 0-0.5 0-0.5 

03107/02 12: , 03/07/02 12: 03107102 12: 03/06102.12: 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

14700 16200 19500 16200 J 
6.0 J 4.5 U 6.0 U 1.6 U 
5.3 J 5.4 J 22.4 J 6.6 J 
144 78.3 180 104 J 

0.82 J 0.52 J 1.5 J 0.70 J 
0.96 J 0.69 UJ 1.6 J 0.74 UJ 

39700 J 30100 J 34200 J 1870 J . 
19.3 19.9 39.3 22.0 J 

13.9 J 7.2 J 16.9 J 8.5 
20.2 13.4 38.7 14.9 

12900 J 16000 J 42500 J 19300 J 
19.0 J 12.0 J 30.7 J 15.6 J 
2500 J 2270 J 1830 J 1420 J 
1350 J 527 J 1550 J 745 J 

0.26 0.08 0.41 0.089 
17.1 13.2 20.6 15.1 J' 

1400 J 153.0 J 1520 J 1200 J 
0.47 J 0.40 UJ 0.85 J 0.42 UJ . 
10.6 J 3.9 J 19.7 J 5.8 J 
94.7 U 94.0 U 183 U 147 U 

0.23 0.23 0.24 0.24 
30.0 J 35.7 J 60.9 J 38.0 J 
73.0 J 56.1 J 115 J 56.9 J 

• 



• 
SITE 
LOCATION 
NSAMPLE 
SAMPLE 
MATRIX 
SUBMATRIX 
SACODE 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Inorganica (mg/kg) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY· 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 

~.--.-----

• 
TABLE 3·1 

SUMMARY OF ANALYTICAL RESULTS IN SURFACE SOIL. 

LAND FARM 
30CP12 

30CP120001 
30CP120001 

SO 
SS 

NORMAL 
0·0.5 

03106102 12: 
COMPOSITE 

16900 J 
2.1 U 
8.9 J 
127 J 
0.87 J 

0.67 UJ 
2700 J 
23.1 J 

10.0 
14.5 

21900 J 
18.2 J 
1560 J 
1280 J 
0.096 
15.1 J 
1380 J 

'0.53 J 
2.8 J 
187 U 
0.27 

42.1 J 
55.8_J_ 

LANDFAR";. 
NSWC CRANE 

CRANE, INDIANA 
PAGE20F4 

LAND FARM LAND FARM 
30SB01 30SB02 

30SS010001 30SS020001 
30SS010001 30SS020001 

SO SO 
SS SS 

NORMAL NOR~AL 
0·0.5 0·0.5 

03107/0212: 03107/0212: 
GRAB GRAB 

13600 12300 J 
1.8 U 0.76 U 
6.3 J 8.8 J 
108 181 J 

0.87 J 1.1 J 
0.76 UJ 0.72 UJ 
2210 J 1260 J 

17.9 19A J 
12.2 J 12.1 
12.0 11.1 

15000 J 20500 J 
19.1 J 21.1 J 
1360 J 1040 J 
1120 J 2890 J 

0.05 0.047 
14.8 14.0 J 

1090 J 937 J 
0.43 UJ 0.60 J. 

2.4 J 0.25U 
89A U 29.8 U 

0.24 0.28 
33.3 J 36.6 J 
59.2 J ~_J_ -----

LAND FARM LAND FARM 
30SB03 30SB04 

30SS030001 30SS040001 
30SS030001 3'OSS040001 

SO SO 
SS SS 

NORMAL NORMAL 
. 0·0.5 0·0.5 

03106/02 12: 03/06102 12: 
GRAB GRAB 

11500 J 11600 J 
2.3 U 1.1U 
4.8 J 6A J 
120 J 114 J 
0.51 J 0.79 J 
1.0 J 0.66 UJ 

124000 J 1250 J 
18.9 J ' 18.3 J 

6.2 9.9 
16.5 7A 

13300 J 20100 J 
16.5 J .. 14.0 J 
5840 J 1080 J 
384 J 1460J 
0.054 0.031 
15.9 J 10.7 J 
2230 J 858 J 
0.34 UJ 0.38 UJ 

5.8 J 0.14 U 
176 U 77.0 U 
0.27 0.22 

26.7 J 32.8 J 
~5-----L_ ~~ 

• 
LAND FARM LAND FARM 

30SB05 30SB06 
30SS050001 30SS060001 
30SS050001 30SS060001 

SO SO 
SS SS 

NORMAL NORMAL 
0·0.5 0·0.5 

03107/02 12: 03/07/02 12: 
GRAB GRAB 

15600 14600 J 
0.80 U 1.4 U 
7.0 J . 7.3 J 
59.3 110 J 

0.48 J 0.75 J 
0.70 UJ 0.73 U 
1030 J 12500 J 

20.7 23.0 J 
6.0 J 7A 
9.2 15.1 

20600 J 18500 J 
10.3 J' 16.9 J 
1430 J 2490 J 
312 J 628 J 
0.05 0.023 U 
10.9 14.0 J 

1090 J 1300 J 
OAO UJ 0.42 U 
0.22 J 0.10 U 
72.5 U 25A U 

0.21 0.29 
40.2 J 40.7 
41.8 J ~.~--- --



SITE LAND FARM LAND FARM 
LOCATION 30CPOl 30CP02 
NSAMPLE 30CP010204 30CP020204 
SAMPLE 30CP010204 . 30CP020204 . 
MATRIX SO SO 
SUBMATRIX SB SB 
SACODE ORIG NORMAL 
DEPTH RANGE 2·4 2·4 
SAMPLE DATE 03107/02 12: 03107/0212: 
COLLECTION METHOD COMPOSITE COMPOSITE 
Inorganics (mg/kg) 
ALUMINUM 17300 J 19700 
ANTIMONY 3.0 U . 0.58 U 
ARSENIC 9.8 J 8.7 J 
BARIUM 75.9 J 80.3 
BERYLLIUM 0.65 J 0.80 J 
CADMIUM 0:66 U 0.72 J 
CALCIUM 526 J 821 J 
CHROMIUM 24.5 J 27.2 
COBALT 6.2 6.2 J 
COPPER 20.3 17.2 
IRON 26100 J 28700 J 
LEAD .. 17.7 J 13.7 J 
MAGNESIUM 2660 J. 2970 J 
MANGANESE 232 J 212 J 
MERCURY 0.023 U 0.01 U 
NICKEL 13.9 J 15.2 
POTASSIUM. 1550 J 1710 J 
SELENIUM 0.38 U 0.39 UJ 
SILVER 0.09 U 0.10 J 
SODIUM 17.1 U 186 U 
THALLIUM 0.30 0.25 
VANADIUM 45.5 47.4 J 
ZINC 53.2 J 53.7 J 

0.6 U 
2 UR 

5.0 

• 

TABLE 3·1 

SUMMARY OF ANALYTICAL RESULTS IN SUBSURFACE SOIL 
LANDFARM 

NSWC CRANE 
CRANE, INDIANA 
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LAND FARM LAND FARM LAND FARM LAND FARM 
30CP03 30CP04 .30CP05 30CPOS 

30CP030204 30CP040204 . 30CP050204 30CPOS0204 
30CP030204 30CP040204 30CP050204 30CPOS0204 

SO SO SO SO 
SB. SB SB SB 

NORMAL NORMAL NORMAL NORMAL 
2"4 2·4 2·4 2·4 

03107/02 12: 03107/0212: 03107/02 12: 03l0S/02 12: 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

18800 21700 J 14100 J 15400 J 
1.4 U . 1.9 U 0.68 U 0.56 U 
6.3 J 6.8 J 12.9 J 9.0 J 
72.2 138 J 113 J 93.7 J 

0.97 J 0.92 J 1.0 J 0.72 J 
0.64 UJ 0.71 UJ 0.63 UJ 0.64 UJ 
726 J 767 J. 923 J 783 J 
27.8 23.4 J 18.8 J 21.2 J 
6.8 J 5.S 13.1 11.1 
13.7 15.8 11.8 ·10.2 

28500 J 28400 J 35300 J 25500 J 
11.8 J 13.2 J 21.0 J 16.1 J 
2370 J 2390 J 1310 J 1530 J 
202 J 426 J 1430 J 955 J 
0.01 0.012 0.031 0.Q16 
17.7 15.2 J 14.0 J 12.3 J 

1320 J 1500 J 1070 J 1120 J 
0.37 UJ 0.41 UJ 0.47 J 0.41 J 
0.11 J 0.30 U 0.09 U 0.09 U . 
174 U 202 U 146 U 172 U 
0.22 0.34 0.23 0.25 

41.8 J 40.0 J 40.5 J 41.5 J 
47.3 J 64.8 J 45.3 J 38.0 J 

0.5 U 0.2 U 0.2 U 0.2 U 
2 UR 4 J 2 UR 3 UR 

5.1 7.5 5.1 7.6 

• 

LAND FARM LAND FARM LAND FARM LAND FARM 
30CP07 30CP08 30CP09 30CP10 

30CP070204 30CP080204 30CP090204 30CP100204 
30CP070204 30CP080204 30CP090204 30CP100204 

SO SO SO SO 
SB SB SB SB 

NORMAL NORMAL NORMAL NORMAL 
2·4 2·4 2·4 2·4 

03108/02 12: 03/07/02 12: 03/07/02 12: 03/07/02 12: 
COMPOSITE COMPOSITE COMPOSITE COMPOSITE 

13500.J 17900 18200 19100 
0.75 U 0.92 U 0.89 U 0.53 U 
8.1 J 7.4 J 8.0 J 10.9 J 

84.4 J 90.3 60.1 161 
0.83 J 0.76 J 0.69 J 1.4 J 
0.62 U 0.66 UJ 0.66 UJ 0.66 UJ 
538 J 1200 J 628 J 1290 J 
27.7 J 25.9 25.5 26.2 

6.8 6.9 J 7.0 J 10.9 J 
15.6 16.2 15.0 11.4 

33000 J 26000 J 29600 J 27600 J 
18.2 J 13.9 J 13.8 J 17.3 J 
2090 J 2680 J 2490 J 1650 J 
248 J 243 J 310 J 1350 J 

0.010 U 0.03 0.01 0.04 
13.5 J 15.7 14.3 17.5 
1040 J 1460 J 1430 J 1860 J 
0.35 U 0.38 UJ 0.38 UJ 0.46 J 
0.10 U 0.09 UJ 0.09 UJ 0.14 J 
25.8 U 108 U ··141 U 138 U 

0.22 0.23 0.24 0.29 
45.7 44.5 J 44.8 J 50.6 J 

44.4 J 52.5 J 53.0 J 53.3 J 

0.6 U 0.5 U 0.6 U 
2 UR 2 UR 2 UR 

7.2 5.5 6.1 

• 



• 
SITE 
LOCATION 
N5AMPLE 
SAMPLE 
MATRIX 
SUBMATRIX 
SACODE 
DEPTH RANGE 
SAMPLE DATE 
COLLECTION METHOD 
Inorganics (mg/kg) 
ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MERCURY 
NICKEL 
POTASSIUM 
SELENIUM 
SILVER 
SODIUM 
THALLIUM 
VANADIUM 
ZINC 

• 
TABLE 3-1 

SUMMARY OF ANAl.YTICAL RESULTS IN SUBSURFACE SOIL 
LANDFARM 
NSWC~RANE 

CRANE, INDIANA 
-' PAGE 4 OF 4 

. LAND FARM LAND FARM LAND FARM LAND FARM 
30CP11 30CP12 30SB01 30SB02 

30CP110204 30CP120204 305B010204 30SB020204 
30CP11 0204 30CP120204 305B010204 30SB020204 

SO SO SO SO 
SB SB SB SB 

NORMAL NORMAL NORMAL NORMAL 
2-4 2-4 2-4 2-4 

03106102 12: 03106102 12: 03/07/02 12: 03107102 12: 
COMPOSITE COMPOSITE GRAB GRAB 

15500 J 18800 J 25300 14300 J 
o.n U 0.49 U 0.99 U 0.73 U 
10.2 J 6.3 J 10.6 J 10.3 J 
76.3 J 88.6 J 81.8 118 J 
0.75 J 0.58 J 0.64 J .1.3 J 

0.68 UJ 0.60 UJ 0.71.UJ 0.80 UJ 
542J 492 J n5J 474 J 
26.2 J 23.5 J 30.7 18.9 J 

7.0 5.3 5.7 J 26.2 
1~.2 14.4 19.2 10.1 

34900 J 25100 J 34600 J 35800 J 
17.1 J 10.4 J 11.2 J 35.0 J 
1500 J 2460 J 3520 J 953 J 
376 J 190 J 143 J 4690 J 
0.020 0.009 U 0.01 U 0.048 
10.7 J 12.8 J 15.6 10.9 J 
1110 J 1530 J 2010 J 717 J 
0.51 J 0.34 UJ 0.41 UJ 0.58 J 
0.10 U 0.09 U 0.11 J 0.11 U 
179 U 220 U 205 U 56.4 U 
0.23 0.27 0.30 0.25 

44.2 J 38.7 J 55.9 J 44.3 J 
42.2 J 49~6 J 68.8 J 36.6 J 

0.2 U 0.2 U 0.2 U 
2 UR 2 UR 3 UR 

5.3 5 5.1 

J = result is estimated. 
U = result is nondetected. 
UR = result is nondetected and rejected. 
UJ = result is nondetected and estimated. 

LAND FARM 
30SB03 

30SB030204 
30SB030204 . 

SO 
.SB 

NORMAL 
2-4 

03106102 12: 
GRAB 

20300 J 
0.63U 
9.3 J 

73.9 J 
0.53 J 

0.66 UJ 
768 J 
24.4 J 

5.4 
17.7 

26600 J 
12.5 J 
3100 J 
162 J 

0.010 U 
13.7 J 
1880 J 

0.38 UJ 
0.13 U 

. 173 U 
0.30 

45.6 J 
55.9 J 

0.2 U 
2 UR 

5 

• 
LAND FARM LAND. FARM LAND FARM 

30SB04 30SB05 30SB06 
30SB040204 305B050204 305B060204 
30SB040204 30SB050204 30SB060204 

SO SO SO 
SB SB SB 

ORIG NORMAL' NORMAL 
2-4 2-4 2-4 

03106102 12: 03/07/02 12: 03/07/0212: 
GRAB GRAB .GRAB 

18200 J 21200 13600 J 
0.88 U 0.78 U 0.90 U 
9.8 J 6.6 J 5.3 J 

87.4 J 64.1 73.0 J 
0.63 J 0.64 J 0.97 J 

0.65 UJ 0.67 UJ 0.61 U 
559 J . 542 J 1430 J 
22.2 J 24.5 26.9 J 

5.0 7.3 J 6.4 
14.6 16.8 11.4 

32100 J 24800 J 28500 J 
13.8 J 13.4 J 17.9 J 
2270 J 2790 J 1.370 J 
242 J 343 J 263 J 
0.028 0.01 U 0.010 U 
11.6 J 13.2 11.4 J 
1220 J 1720 J 982 J 

0.37 UJ 0.39 UJ 0.35 U 
0.09 U . 0.10 UJ 0.09 U 
183 U 197 U 8.0 U 
0.25 . 0.27 0.19 

42.5 J 43.8 J 44.8 
52 .. 6 J _I..-. 62.1 J ----. 33.4 J 

0.2 U 0.6 U 0.5 U 
3 UR 2 UR 2 UR 

5.2 5.5 7.6 



'" 

• 

TABLE 3-2 

SUMMARY OF PARAMETERS WITH AT LEAST ONE POSmVE DETECTION 
ABOVE RISK-BASED TARGET LEVELS IN SURFACE SOIL 

LANDFARM 
NSWCCRANE 

CRANE, INDIANA 
PAGE 1 OF4 

30CP01 30CP02 30CP03 30CP04 30CP05 

RISK 130CP010001 30CP020001 30CP030001 30CP040001 30CP050001 
BASED 30CP010001 30CP020001 30CP030001 30CP040001 30CP050001 

TARGET SO SO SO SO SO 
'LEVELS SS SS SS SS SS 

NORMAL ORIG NORMAL NORMAL NORMAL 
0- 0.5 0-0.5 0,0.5 0- 0.5 0- 0.5 

317/2002 317/2002 317/2002 317/2002 317/2002 

•• 

LAND 
30CP06 30CP07 30CP08 

30CP060001 30CP070001 30CP080001 
30CP060001 30CP070001 30CP080001 

SO SO SO 
SS SS SS 

NORMAL NORMAL ORIG 
0-0.5 0- o.s 0-0.5 

31612002 31812002 317/2002 

• 



• 

SACODE 
DEPTH_RANGE 
SAMPLE_DATE 
COLL. 

FARM 
30CPOS 

RISK 130CPOSOO01 
BASED 30CPOSOO01 

TARGET SO 
LEVELS SS 

NORMAL 
0-0.5 

317/2002 

LAND FARM' 
30CP10 

30CP100001 
30CP100001 

SO 
SS 

ORIG 
0-0.5 

31712002 

• 
TABLE 3-2 

SUMMARY OF PARAMETERS WITH AT LEAST ONE POSITIVE DETECTION 
ABOVE RISK-BASED TARGET LEVELS IN SURFACE SOIL 

LANDFARM 
NSWCCRANE 

CRANE, INDIANA 
PAGE 2 OF'4 

LAND FARM LAND FARM LAND FARM LAND FARM LAND FARM 
'30CP11 30CP12 30SB01 30SB02 30SB03 

30CP110001 30CP120001 30SS010001 30SS020001 30SS030001 
30CP1.10001 30CP120001 30SS010001 30SS020001 30SS030001 

SO SO SO SO SO 
SS SS· 55 55 55. 

NORMAL NORMAL NORMAL NORMAL NORMAL 
0- 0.5 0-0.5 0-0.5 0-0.5 0-0.5 

3/612002 3/612002 317/2002 317/2002 3/612002 . 

• 
FARM LAND FARM 

305B04 305B05 305B06 NUMBER RANGE 
305S040001 3055050001 3055060001 OF OF 
3055040001 30S5050001 .3058060001 DETECT5 MULTIPLIER 

SO 50 50 THAT FOR 
55 55 55 EXCEED MIN AND MAX 

NORMAL NORMAL NORMAL RBTLs EXCEEDENCE 
0-0.5 0- 0.5 0-0.5 IN IN 

3/612002 317/2002 317/2002 .SURFACE 5URFACE 



30CP01 
RISK 130CP010204 

BASED 30CP010204 
TARGET SO 
LEVELS SB 

ORIG 
2-4 

317/2002 

• 

TABLE 3-2 

SUMMARY OF PARAMETERS WITH AT LEAST ONE POSITlVE DETECTION 
ABOVE RISK-BASED TARGET LEVELS IN SUBSURFACE SOIL 

LANDFARM 

30CP02 
30CP020204 
30CP020204 

SO 
SB 

NORMAL 
2-4 

31712002 

NSWCCRANE. 
CRANE, INDIANA 

PAGE 3 OF 4 

30CP03 30CP04 
30CP030204 30CP040204 
30CP030204 30CP040204 

SO. SO 
SB SB 

NORMAL NORMAL 
2-4 2-4 

31712002 317/2002 

•• 

30CP05 30CP06 
30CP050204 30CP060204 
30CP050204 30CP060204 

SO SO 
SB SB 

NORMAL NOll MAL 
2-4 2-4 

317/2002 3/612002 

30CP07 30CP08 30CP09 30CP10 
30CP070204 30CP080204 30CP090204 30CP100204 
30CP070204 30CP080204 30CP090204 30CP100204 

SO SO . SO SO 
SB SB SB SB 

NORMAL NORMAL NORMAL NORMAL 
2-4 2-4 2-4 2-4 

3/812002 31712002 317/2002 317/2002 

• 



• > . • 
TABLE 3·2 

SUMMARY OF PARAMETERS WITH·AT LEAST ONE POSITIVE DETECTION 
ABOVE RISK·BASED TARGET LEVELS IN SUBSURFACE SOIL 

LANDFARM 
NSWCCRANE 

CRANE,INDIANA 
PAGE40F4 

LAND FARM LAND FARM LAND FARM LAND FARM LAND FARM LAND FARM LAND FARM LAND FARM 
30CP". 3OCP12 3OSBOI 3OSB02 30SB03 .. 30SB04 30SB05 30SB06 

RISK 130CP110204 . 30CP120204 3OSB010204 3OSB020204 30SB030204 30SB040204 30SB050204 30SB060204 
BASED 30CPll0204 30CP120204 3OSB010204 30SB020204 3OSB030204 30SB040204 30SB050204 30SB060204 

TARGET SO SO SO SO SO SO SO .SO 
LEVELS . SB SB SB. SB SB SB SB SB 

NORMAL NORMAL NORMAL NORMAL NORMAL ORIG NORMAL NORMAL 
2·4 2·4 2·4 2·4 2·4 2·4 2·4 2·4 

31612002 31612002 317/2002 317/2002 31612002 31612002 31712002 317/2002 

_.loIIIWlndlcates a positive detection above the RBTL 
. No RBTL exceedences for ALUMINUM or CYANIDE, and no RBTLs for CALCIUM, MAGNESIUM, POTASSIUM, or SODIUM. 

J = result Is estimated. 
U = result is nondetected. 
UR = result Is nondetected and rejected. 
UJ = result Is nondetected and estimated. 

NUMBER 
OF 

DETECTS 
THAT 

EXCEED 
RBTLs 

IN 
SUBSURFACE 

RANGE 
OF 

. MULTIPLIER 
FOR 

MIN AND MAX 
EXCEEDENCE 

IN 
SUBSURFACE 

NUMBER 
OF 

DETECTS 
THAT· 

EXCEED 
RBTLs 
,ALL 
SOILS 

• 
RANGE 

OF 
MULTIPLIER 

FOR 
MIN AND MAX 
EXCEEDENCE 

ALL 
SOILS 



Risk-Based . Standard 
Parameter Target Level Mean Deviation 
InorQanics (mQ/kQ) 
ALUMINUM 76000 14844 2768 
ANTIMONY 0.1423 1.45 1.37 
ARSENIC 0.39 8.40 4.16 
BARIUM 1.04 120 33.8 
BERYLLIUM 0.1 0.810 0.241 
CADMIUM 0.00222 0.608 0.396 
CALCIUM -- 18207 30165 
CHROMIUM 2 22.8 5.37 
COBALT 0.14033 10.2 3.09 
COPPER 2.96 16.8 7.43 
IRON 23000 20478 7035 
LEAD 0.05373 18.7 4.96 
MAGNESIUM -- 2057 1166 
MANGANESE 1800 1003 627 
MERCURY 0.073 0.0896 0.0971 
NICKEL 7 14.8 2.27 
POTASSIUM -- 1311 366 
SELENIUM 0.02765 0.405 0.210 
SILVER 2 5.19 6.40 
SODIUM -- 46.3 30.4 
THALLIUM 0.04 0.254 0.0462 
VANADIUM 1.59 38.6 9.22 
ZINC 6.62 63.2 18.5 
Miscellaneous Parameters 
CYANIDE 1.3 0.156 
PH 0.828 

• 

TABLE 3-3 

DETECTION STATISTICS 
ALL SURFACE SOIL SAMPLES 

LANDFARM. 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 6 

Minimum Maximum 
Detection Detection 

11300 20600 
6 6 

4.8 22.4 
59.3 181 
0.48 1.5 
0.81 1.6 
1030 124000 
16.6 39.3 
5.2 16.9 
7.4 38.7 

12900 42500 
10.3 30.7 
1040 5840 
189 2890 

0.031 0.41 
10.7 20.6 
816 ·2230 
0.43 0.85 
0.22 19.7 
--- ---

0.21 0.37 
26.7 60.9 
38.9 115 

0.2 0.7 
5.3 8 

• 

Location of Maximum 
Detection 

30CP030001 
30CP080001 
30CP100001 
30SS020001 
30CP100001 
30CP100001 
30SS030001 
30CP100001 
30CP100001 
30CP100001 
30CP100001 
30CP100001 
30SS030001 
30SS020001 
30CP100001 
30CP100001 
30SS030001 
30CP100001 
30CP100001 

---
30CP070001 
30CP100001 
30CP100001 

30CP030001 
30SS030001 

Frequency of Minimum Maximum 
Detection Non-Detect Non-Detect 

18/18 --- . - .... 

1/18 0.76 6 
18/18 --- ---
18/18 --- ---
18/18 --- ---
6/18 0.66 0.78 
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
15/18 0.023 0.055 
18/18 --- ---
18/18 --- ---
10/18 0.34 0.43 
13/18 0.1 2.2 
0/18 7.1 187 
18/18 --- ---
18/18 --- ---
18/18 --- ---

2/18 0.2 0.7 
18/18 

" . 

• 



• 

Risk-Based 
Parameter Target Level Mean 
Inorganics (mglkg) 
ALUMINUM 76000 17939 
ANTIMONY 0.1423 0.483 
ARSENIC 0.39 8.68 
BARIUM 1.04 90.7 
BERYLLIUM 0.1 0.832 
CADMIUM 0.00222 0.353 
CALCIUM -- 765.8 
CHROMIUM 2 24.8 
COBALT 0.14033 8.27 
COPPER 2.96 14.6 
IRON 23000 29506 
LEAD 0.05373 16.0 
MAGNESIUM -- 2228 
MANGANESE 1800 668 
MERCURY 0.073 0.0162 
NICKEL' 7 13.8 
POTASSIUM -- 1402 
SELENIUM 0.02765 0.271 
SILVER 2 0.0689 
SODIUM -- 70.3 
THALLIUM 0.04 0.257 
VANADIUM 1.59 44.6 
ZINC 6.62 50.4 
Miscellaneous Parameters 
CYANIDE 1.3 0.200 
HEXAVALENT CHROMIUM 0.4 4 

J:I:l --- 5.73 

• 
TABLE 3-3 

DETECTION STATISTICS 
ALL SUBSURFACE SOIL SAMPLES 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 6 

Standard Minimum Maximum Location of Maximum 
Deviation Detection Detection Detection 

3162 13500 25300 30SB010204 
0.305 --- --- ---
1.99 5.3 12.9 30CP050204 
26.2 60.1 161 30CP100204 

0.234 0.53 1.4 30CP100204 
0.0944 0.72 0.72 30CP020204 

283 474 1430 30SB060204 
3.09 18.8 30.7 30SB010204 
4.99 5 26.2 308B020204 
3.07 10.1 20.3 30CP010204 
3794 24800 35800 30SB020204 
5.52 10.4 35 30SB020204 
704 953 3520 30SB010204 
1078 143 4690 30SB020204 

0.0136 0.01 0.048 30SB020204 
2.06 10.7 17.7 30CP030204 
355 717 2010 30SB010204 

0.141 0.41 0.58 30SB020204 
0.0358 0.1 0.14 30CP100204 

34.3 --- --- ---
0.0374 0.19 0.34 30CP040204 

3.99 38.7 55.9 30SB010204 
9.48 33.4 68.8 30SB010204 

0.0939 0 0 
--- 4 4 30CP040204 

I 

0.999 4.9 7.6 30CP060204,30SB060204/ 

• 

Frequency of Minimum Maximum 
Detection Non-Detect Non-Detect 

18/18 --- ---
0/18 0.49 3 
18/18 --- ---
18/18 --- ---
18/18 --- ---
1/18 0.6 0.8 
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 --- ---
18/18 ....... ---
18/18 --- ---
10/18 0.009 0.023 
18/18 --- ---
18/18 --- ---
5/18 0.34 0.41 
4/18 0.09 0.3 
0/18 8 220 
18/18 --- ---
18/18 --- ---
18/18 --- ---

0/18 0.2 0.6 
1/1 --- ---

18/18 --- ---



Risk-Based . Standard 
Parameter Target Level Mean Deviation 
Inorganics (mg/k~l) . 
ALUMINUM 76000 . 15667 ·2888 
ANTIMONY 0.1423 1.84 1.54 
ARSENIC 0.39 9.22 4.88 
BARIUM 1.04 123 32.6 
BERYLLIUM 0.1 0.840 0.249 
CADMIUM 0.00222 0.680 0.440 
CALCIUM 15456 16590 
CHROMIUM 2 24.4 5.91 
COBALT 0.14033 10.8 3.15 
COPPER 2.96 19.3 7.74 
IRON 23000 21717 8188 
LEAD 0.05373 19.9 5.18 
MAGNESIUM -- 1983 719 
MANGANESE 1800 939 410 
MERCURY 0.073 0.114 0.112 
NICKEL .7 15.4 2.10 
POTASSIUM -- 1341 298 
SELENIUM 0.02765 0.475 0.198 
SILVER 2 7.07 7.02 
SODIUM -- 49.8 32.4 
THALLIUM 0.04 0.256 0.0528 
VANADIUM 1.59 40.4 10.4 
ZINC 6.62 69.9 18.6 
Miscellaneous Parameters 
CYANIDE 1.3 0.180 
PH 0.619 

• 

TABLE 3-3 

DETECTION STATISTICS 
GRID SURFACE SOIL SAMPLES 

LANDFARM 
NSWC CRANE· 

CRANE, INDIANA 
PAGE 3 OF 6 

Minimum Maximum 
Detection Detection 

11300 -20600 
6 6 

5.1 22.4 
78.3 180 
0.52 1.5 
0.81 1.6 
1600 41000 
16.6 39.3 
5.2 16.9 
13.4 38.7 

12900 42500 
12 30.7 

1180 3590 
189 1550 
0.05 0.41 
12.4 20.6 
816 1720 
0.43 0.85 
0.75 19.7 
--- ---

0.21 0.37 
27.9 60.9 
55 115 

0.7 0.7 

Location of Maximum 
: Detection 

30CP030001 
30CP080001 
30CP100001 
30CP100001 
30CP100001 
30CP100001 
30CP060001 
30CP100001 
30CP100001 
30CP100001 
30CP100001 
30CP100001 
30CP060001 
30CP100001 
30CP100001 
30CP100001 
30CP030001 
30CP100001 
30CP100001 

---
30CP070001 
30CP100001 
30CP100001 

30CP030001 
5.9 7.8 30CP050001,30CP060001 

• 

Frequency of Minimum Maximum. 
Detection Non-Detect Non-Detect 

12/12 --- ---
1/12 1 6 

12112 --- ---
12/12 --- ---
12/12 --- ---
5/12 0.67 0.78 
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
10/12 0.054 0.055 
12/12 --- ---
12/12 --- ---
9/12 0.39 0.42 
10/12 0.38 2.2 
0/12 7.1 187 
12/12 --- ---
12/12 --- ---
12/12 --- ---

1/12 0.2 0.7 
12/12 

• 



•• 

Risk-Based 
Parameter Target Level Mean 
Inorganics (mg/kg) . 
ALUMINUM 76.000 13200 
ANTIMONY 0.1423 0.680 
AR8ENIC 0.39 6.77 
BARIUM 1.04 115 
BERYLLIUM 0.1 0.750 
CADMIUM 0.00222 0.464 . 
CALCIUM -- 23708 
CHROMIUM 2 19.7 
COBALT 0.14033 8.97 
COPPER 2.96 11.9 
IRON 23000 18000 
LEAD 0.05373 16.3 
MAGNE81UM .-- 2207 
MANGANE8E 1800 1132 
MERCURY 0.073 0.0406 
NICKEL 7 13.4 
POTA881UM -- 1251 
8ELENIUM 0.02765 0.264 
81LVER 2 1.44 
80DIUM -- 39.2 
THALLIUM 0.04 0.252 
VANADIUM 1.59 35.1 
ZINC 6.62 49.9 
Miscellaneous Parameters 
CYANIDE 1.3 
PH 

• 
TABLE 3-3 

DETECTION STATISTICS 
PERIMETER SURFACE SOIL SAMPLES 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA 
PAGE 4.0F6 

Standard Minimum Maximum Location of Maximum Frequency of 
Deviation Detection Detection Detection Detection 

1682 11500 15600 3088050001 6/6 
0.302 --- --- --- 0/6 
1.32 4.8 8.8 3088020001 6/6 
38.9 59.3 181 30S8020001 6/6 

0.232 0.48 1.1 30S8020001 6/6 
0.263 1 1 3088030001 1/6 
49333 1030 124000 3088030001 6/6 
1.89 17.9 23 3088060001 6/6 
2.83 6 12.2 3088010001 6/6 
3.45 7.4 16.5 3088030001 6/6 
3123 13300 20600 3088050001 . 6/6 
3.81 10.3 21.1 3088020001 6/6 
1856 1040 5840 3088030001 6/6 
968 312 2890 3088020001 6/6 

0.0163 0.031 0.054 3088030001 5/6 
2.12 10.7 15.9 3088030001 6/6 
503 858 2230 3088030001 6/6 

0.165 0.6 0.6 3088020001 1/6 
2.32 0.22 5.8 3088030001 3/6 
27.3 --- --- --- 0/6 

0.0331 0.21 0.29 3088060001 6/6 
5.27 26.7 40.7 3088060001 6/6 
8.80 38.9 60.5 3088030001 6/6 

0.0917 0.2 0.2 3088020001 1/6 
1.13 5.3 8 3088030001 6/6 

• 

Minimum Maximum 
Non-Detect Non-Detect· 

---
0.76 2.3 
--- ---
--- ---
--- ---

0.66 0.76 
--- ---
--- ---
--- ---
--- ---

-- . --- ---
--- ---
--- ---
--- ---

0.023 0.023 
--- ---
--- ---

0.34 0.43 
0.1 0.25 

25.4 176 
--- .. _ ... 

--- ---
--- ---
0.2 0.6 



Risk-Based 
Parameter Target Level Mean 
Ino"rBanics (mg/kJl) 
ALUMINUM 76000 17500 
ANTIMONY 0.1423 0.520 
ARSENIC 0.39 8.70 
BARIUM 1.04 94.5 
BERYLLIUM 0.1 0.839 
CADMIUM 0.00222 0.358 
CALCIUM -- 770 
CHROMIUM 2 24.8 
COBALT 0.14033 7.74 
COPPER 2.96 14.4 
IRON 23000 29058 
LEAD 0.05373 15.4 
MAGNESIUM -- 2175 
MANGANESE 1800 515 
MERCURY 0.073 0.0163 
NICKEL 7 14.4 
POTASSIUM -- 1392 
SELENIUM 0.02765 0.279 
SILVER 2 0.0725 
SODIUM -- 71.2 
THALLIUM 0.04 0.256 
VANADIUM 1.59 43.8 
ZINC 6.62 49.8 
Miscellaneous Parameters 
CYANIDE 1.3 0.208 
HEXAVALENT CHROMIUM 0.4 4 
PH --- 5.81 

• 

TABLE 3-3 

DETECTION STATISTICS 
GRID SUBSURFACE SOIL SAMPLES 

LANDFARM 
NSWC CRANE· 

CRANE, INDIANA 
PAGE 5 OF 6 

Standard Minimum Maximum Location of 
Deviation Detection Detection Maximum Detection 

2432 13500 21700 30CP040204 
0.370 --- --- ---
1.99 6.3 12.9 30CP050204 
29.2 60.1 161 . 30CP100204 
0.217 0.58 1.4 30CP100204 
0.115 0.72 0.72 30CP020204 
260 492 1290 30CP100204 
2.72 18.8 27.8 30CP030204 
2.50 5.3 13.1 30CP050204 
2.92 10.2 20.3 30CP010204 
3546 25100 35300 30CP050204 
3.04 10.4 21 30CP050204 
547 1310 2970 30CP020204 
459 190 1430 30CP050204 

0.0117 0.01 0.04 30CP100204 
2.03 10.7 17.7 30CP030204 
264 1040 1860 30CP100204 

0.137 0.41 0.51 30CP110204 
0.0408 0.1 0.14 30CP100204 

32.1 --- --- ---
0.0373 0.22 0.34 30CP040204 

3.41 38.7 50.6 30CP100204 
6.97 38 64.8 30CP040204 

0.0973 --- --- ---
--- 4 4 30CP040204 

1.03 4.9 7.6 30CP060204 

'''-' . 

• 

.. 

Frequency of Minimum Maximum 
Detection Non-Detect Non-Detect 

12/12 --- ---
0/12 0.49 3 
12/12 --- ---
12/12 --- ---
12/12 --- '---

1/12 0.6 0.71 
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
12/12 --- ---
8/12 0.009 0.023 
12/12 --- ---
12/12 --- ---
4/12 0.34 0.41 
3/12 0.09 0.3 
0/12 17.1 220 
12/12 --- ---
12/12 --- ---
12/12 --- ---

0/12 0.2 0.6 : 

1/1 --- ---
12/12 --- ---

• 



• 

Risk-Based 
Parameter Target Level Mean 
Inor~anics (mg/kg) 
ALUMINUM 76000 18817 
ANTIMONY 0.1423 0.409 
ARSENIC 0.39 8.65 
BARIUM 1.04 83.0 
BERYLLIUM 0.1 0.818 
CADMIUM 0.00222 0.342 
CALCIUM -- 758 
CHROMIUM 2 24.6 
COBALT 0.14033 9.33 
COPPER 2.96 15.0 
IRON 23000 30400 
LEAD- 0.05373 17.3 
MAGNESIUM -- 2334 
MANGANESE 1800 974 
MERCURY 0.073 0.0160 
NICKEL 7 12.7 
POTASSIUM -- 1422 
SELENIUM 0.02765 0.255 
SILVER 2 0.0617 
SODIUM -- 68.5 
THALLIUM 0.04 0.260 
VANADIUM 1.59 46.2 
ZINC 6.62 51.6 
Miscellaneous Parameters 
CYANIDE 1.3 
PH 

• 
TABLE 3-3 

DETECTION STATISTICS 
PERIMETER SUBSURFACE SOIL SAMPLES 

LANDFARM 
NSWC CRANE, 

CRANE, INDIANA 
PAGE 6 OF 6 

S'tandard ' Minimum MaximuJll Location of Maximum 
Deviation Detection Detection Detection 

4425 13600 25300 , 30SB010204 
0.0651 --- --- ---

2.18 5.3 10.6 30SB010204 
18.9 64.1 118 30SB020204 

0.285 0.53 1.3 30SB020204 
0.0328 --- --- ---
351.8 474 1430 30SB060204 
4.02 18.9 30.7 30SB010204 
8.30 5 26.2 30SB020204 
3.61 10.1 19.2 30SB010204 
4452 24800 35800 30SB020204 
8.96 11.2 35 30SB020204 

_ 1004 953 3520 30SB010204 
1822 143 4690 30SB020204 

0.0182 0.028 0.048 30SB020204 
1.78 10.9 15.6 30SB010204 
525 717 2010 30SB010204 

0.160 0.58 0.58 30SB020204 
0.0248 0.11 0.11 30SB010204 

41.7 --- --- ---
0.0410 0.19 0.3 30SB030204,30SB010204 

4.89 42.5 55.9 30SB010204 
14.0 33.4 68.8 30SB010204 

0.0931 
1.00 5 7.6 30SB060204 

• 

Frequency of Minimum Maximum 
Detection Non-Detect Non-Detect 

6/6 --- ---
0/6 0.63 0.99 
6/6 --- ---
6/6 --- ---
6/6' --- ---
0/6 0.61 0.8 
6/6 --- ---
6/6 --- ---
6/6 --- ---
6/6 --- ---
6/6 --- ---
6/6 --- ---
6/6 --- ---
6/6 --- ---
2/6 0.01 0.01 
6/6 --- ---
6/6 --- ---
1/6 0.35 O.4l 
1/6 0.09 0.13' 
0/6 8 205 
6/6 --- ---
6/6 --- ---
6/6 --- ---
0/6 0.6 
6/6 



SUBSURFACE SURFACE 
PARAMETER RANK RANK 
ALUMINUM 176.0 124.0 
ANTIMONY 91.0 209.0 
ARSENIC 158.0 142.0 
BARIUM 113.0 187.0 
BERYLLIUM 151.0 149.0 
CADMIUM 90.5 209.5 
CALCIUM 78.0 222.0 
CHROMIUM 164.5 135.5 
COBALT 109.0 191.0 
COPPER 127.0 173.0 
IRON 201.0 99.0 
LEAD 105.5 194.5 
MAGNESIUM 168.5 131.5 
MANGANESE 115.5 184.5 
MERCURY 84.0 216.0 
NICKEL 133.5 166.5 
POTASSIUM 155.0 145.0 
SELENIUM 99.0 201.0 
SILVER 78.0 222.0 
SODIUM 179.0 121.0 
THALLIUM 157.5 142.5 
VANADIUM 173.0 127.0 
ZINC 85.0 215.0 

TABLE 3-4 

RESULTS OF WILCOXON RANK-SUM COMPARISONS 
GRID SURFACE SOIL vs. GRID SUBSURFACE SOIL 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA 

SUBSURFACE 
U Z p-Ievel Z-adjusted . p-Ievel SAMPLES' 
46 1.5011 0.1333 1.5021 0.1331 12 
13 -3.4064 0.0007 -3.4079 0.0007 12 
64. 0.4619 0.6442 0.4620 0.6441 12 
35 -2.1362 0.0327 -2.1362 0.0327 12 
71 0.0577 0.9540 0.0578 0.9539 12 
13 -3.4352 0.0006 -3.4473 0.0006 12 
0 -4.1569 0,0000 -4.1569 0,0000 12 
58 0.8372 0.4025 0.8375 0.4023 12 
31 -2.3671 0.0179 -2.3687 0.0179 12 
49 -1.3279 0.1842 -1.3282 0.1841 12 
21 2.9445 0.0032 2.9445 0:0032 12 
28 -2.5692 0.0102 -2.5703 0.Q102 12 
54 1.0681 0.2855 1.0686 0.2853 12 
38 -1.9919 0.0464 -1.9923 0.0463 12 
6 -3.8105 0.0001 -3.8130 0.0001 12 
56 -0.9526 0.3408 -0.9539 0.3402 12 
67 0.2887 0.7728 0.2888 0.7727 12 
21 -2.9445 0.0032 -2.9483 0.0032 12 
0 -4.1569 0.0000 -4.1908 0.0000 . 12 
43 1.6743 0.0941 1.6743 0.0941 . 12 
65 0.4330 0.6650 0.4368 0.6622 12 
49 1.3279 0.1842 1.3279 0.1842 12 
7 -3.7528 0.0002 -3.7536 0.0002 12 

SURFACE DATASETS 
SAMPLES DIFFERENT? DATASET* 

12 NO ._-
12 YES SS 
12 NO -_. 
12 YES SS 
12 NO ---
12 YES SS 
12 YES SS 
12 NO ---
12 YES SS 
12 NO --. 
12 YES SB 
12 YES SS 
12 NO ---
12 YES SS 
12 YES SS 
12 NO --. 
12 NO ---
12 YES SS 
12 YES SS 
12 NO ._-
12 NO .--
12 NO ._-
12 YES SS 

• The dataset listed is statistically greater than the' other depth sampled (SS vs. S8). As can b~ seen in the Table, only iron was statistically greater in the subsurface (S8); 
all other parameters that were different were statistically greater in the surface (SS) . 

• • • 



• 
Risk Based Soil Exceedences 

Target Level of 
ANALYTE (mq/k~) RBTLs (1) 

Inor~anics '(mq/k~) 

ALUMINUM 76000 0 
ANTIMONY 0.1423 1 
ARSENIC 0.39 36 
BARIUM 1.04 36 
BERYLLIUM 0.1 36 
CADMIUM 0,00222 7 
CALCIUM -- ---
CHROMIUM 2 36 
COBALT 0,14033 36 
COPPER 2,96 36 
IRON 23000 23 
LEAD 0.05373 36 
MAGNESIUM -- ---
MANGANESE 1800 2 
MERCURY 0,073 7 
NICKEL 7 36 
POTASSIUM -- --
SELENIUM 0.02765 15 
SILVER 2 11 
SODIUM -- ---
THALLIUM 0,04 36 
VANADIUM 1,59 36 
ZINC 6,62 36 
Miscellaneous Parameters (mglkg) 
CYANIDE 1,3 ---
HEXAVALENT CHi'l9MIUM L 0.4 1 

----

1 Exceedt~mces are positive detections only, 
NA - No background R.esults· -:vere sampled for the analy1e 

AIISS> 
Background 

• 
TABLE 3-5 

SUMMARY OF STATISTICAL RESULTS 
LAND FARM 

NSWCCRANE 
CRANE, INDIANA 

Grid SS > Perimeter SS > AIISB> 
Background Background Background 

Soil Group 1? Soil Group 1? Soil Group 1? Soil Group 2?' 

X X X 
X X X X 
X X X X 

X 
X X X 
X X X X 
X X X X 
X X X X 

X 
X X X 
X X ·X 
X X X 

X X 
/ X 

X X 
X 

X X X. 
X 

X X X X 
X X X 

X 
X X X X 
X X X X 

NA NA I NA NA 
NA NA I NA NA 

• 
Grid SB > " Perimeter SB > Grid SS Grid SB I 

Background Background Different Than Different Than 

Soil Group 2? Sciil Group 2? Perimeter SS? Perimeter SB? 
. 

X X 
X X X 
X X 
X X 
X X 
X X 
X, X 
X· X X 
X X 
X X X 
X X 
X X 
X 
X X 

X 
X X 
X X 
X X 
X X X 

X X 
X X 
X X X 

NA I NA NA I NA 
NA I NA NA I NA I 



Metal ALLSS ALLSS 
Rank Sum Valid N 

Aluminum 241.5 18 
Antimony 261 18 
Arsenic 245 18 
Barium 212 18 
Beryllium 244.5 18 
Cadmium 261 18 
Calcium 260 18 
Chromium 261 18 
Cobalt 186 18 
Copper 254 18 
Iron 245 18 
Lead 241.5 18 
Magnesium 237.5 18 
ManQanese 194 18 
Mercury 240.5 18 
Nickel 208.5 18. 
Potassium 246 18 
Selenium 220 18 
Silver 260.5 18 
Sodium 246 18 
Thallium 201.5 18 
Vanadium 251 18 
Zinc 258 18 

• 

TABLE 3-6 

RESULTS OF WILCOXON RANK-SUM COMPARISONS 
ALL SURFACE SOIL SAMPLES vs. BACKGROUND SOIL GROUP 1 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA 
. PAGE 1 OF 8 

ALLSS BG1 BG1 BG1 U Z p-Ievel 
Avg Rank Rank Sum Valid N Avg Rank 

13.42 34.5 5 6.90 19.5 1.90 0.0574 
14.50 15 5 3.00 0 3.35 0.0008 
13.61 31 5 6.20 16 2.16 0.0307 
11.78 64 5 12.80 41 -0.30 0.7656 
13.58 31.5 5 6.30 16.5 2.12 0.0337 
14.50 15 5 3.00 0 3.35 0.0008 
14.44 16 5 3.20 1 3.28 0.0010 
14.50 15 5 3.00 0 3.35 0.0008 
10.33 90 5 18.00 15 -2.24 0.0254 
14.11 22 5 4.40 7 2.83 0.0046 
13.61. 31 5 6.20 16 2.16 0.0307 
13.42 34.5 5 6.90 19.5 1.90 0.0574 
13.19 38.5 5. 7.70 23.5 1.60 0.1091 
10.78 82 5 16.40 23 -1.64 0.1011 
13.36 35.5 5 7.10 20.5 ' 1.83 0.0678 
11.58 67.5 5 13.50 37.5 -0.56 0.5762 
13.67 30 5 6.00 15 2.24 0.0254 
12.22 56 '5 11.20 41 0.30 0.7656 
14.47 15.5 5 3.10 0.5 3.32 0.0009 
13.67 30 5 6.00 15 2.24 0.0254 
11.19 74.5 5 14.90 30.5 -1.08 0.2798 
13.94 25 ' 5 5.00 10 2.61 0.0091 
14.3~ L __ ~ 18 _ 5 ~§O 3 . 

L-_3.13 0.0017 

• 

adjusted p-Ievel ALLSS 
Z above BG1? 

1.90 0.0572 Yes 
3.36 0.0008 Yes 
2.16 0.0307 Yes 
-0.30 0.7653 No 
2.13 0.0335 Yes 
3.36 0.0008 Yes 
3.28 . 0.0010 Yes 
3.35 0.0008 Yes 
-2.24 0.0253 No 
2.83 0.0046 Yes 
2.16 0.0307 Yes 
1.90 0.0572 Yes 
1.60 0.1086 No 
-1.64 . 0.1011 No 
1.83 0.0668 Yes 
-0.56 0.5755 No 
2.24 0.0253 Yes 
0.30 0.7653 No 
3.32 0.0009 Yes 
2.24 0.0254 Yes 
-1.09 0.2759 No 
2.61 0:0091 Yes 
3.13 0.0017 Yes 

.-



• 

Metal ALLSB ALLSB 
Rank Sum Valid N 

Aluminum 381 18 
Antimony' 351.5 18 
Arsenic 401 18 
Barium 365 18 
Beryllium 399.5, 18 
Cadmium 405 18 
Calcium 384 18 
Chromium 374 18 
Cobalt 359 18 
Copper ,352 18 
Iron 396 18 
Lead 398 18 
Magnesium 353 18 
Manganese 361.5 18 
Mercury 228.5 18 
Nickel 384 18 
Potassium 391 18 
Selenium 378.5 18 
Silver 395.5 18 
Sodium 301.5 18 
Thallium 380.5 18 
Vanadi,um 400 18 
Zinc 403 _1_8 ___ 

' • 
TABLE 3~6 

RESULTS OF WILCOXON RANK SUM COMPARISONS 
ALL SUBSURFACE SOIL SAMPLES vs. BACKGROUND SOIL GROUP 2 

ALLSB 
AvgRank 

21.17 
19.53 
22.28 
20.28 
22.19 
22.50 
21.33 
20.78 
19.94 
19.56 
22.00 
22.11 
19.61 
20.08 
12.69 
21.33 
21.72 
21.03 
21.97 
16,75 
21.14 
22.22 
22.39 

I LANDFARM 
, NSWC CRANE 

BG2 
Rank Sum 

115 
144.5 

95 
131 
96.5 
91 
112 
122 
137 
144 
100 
98 

143 
134.5 
267.5 
112 
105 

117.5 
100.5 
194.5 
115.5 

96 
93 

CRANE, INDIANA 
PAGE 2 OF 8, 

BG2 BG2 
Valid N AV!=l Rank 

13 8.85 
13 11.12 
13 7.31 
13 10.08 
13 7.42 
13 7.00 
13 8.62 
13 9.38 
13 10.54 
13 11.08 
13 7.69 
13 7.54 
13 11.00 
13 10.35 
13 20.58 
13 8.62 
13 8.08 
13 9.04 
13 7.73 
13 14.96 
13 8:88 
13 7.38 
13 7.15 

U Z p-Ievel 

24 3.72 0.0002 
53.5 2.54 0.Q110 

4 4.52 0.0000 
40 3.08 0.0021 
5.5 4.46 0.0000 
0 4.68 0.0000 

21 3.84 0.0001 
31 3.44 0.0006 
46 2.84 0.0045 
53 2.56 0.0104 
9 4.32 0.0000 
7 4.40 0.0000 

52 2.60 0.0093 
43.5 2.94 0.0033 
57.5 -2.38 0.0172 
21 3.84 0.0001 
14 4.12 0.0000 

26.5 3.62 0.0003 
9.5 4.30 0.0000 

103.5 0.54 0.5889 
' 24.5 3.70, 0.0002 

5 4.48 0.0000 
2, 4.60 0.0000 

• 

adjusted p-Ievel ALLSB 
Z above BG2? 

3.72 0.0002 Yes 
2.54 0.0110 Yes 
4.53 0.0000 Yes 
3.08 0.0021 Yes 
4.46 0.0000 Yes 
4.71 0.0000 Yes 
3.84 0.0001 Yes 
3.44 0.0006 ' Yes 
2.84 0.0045 Yes 
2.56 0.0104 Yes 
4.32 0.0000 Yes 
4.41 0.0000 Yes 
2~60 0.0093 Yes 
2.94 0.0033 Yes 
-2.41 0.0161 No 
3.84 0.0001 Yes 
4.12 0.0000 Yes 
3.63 0.0003 Yes 
4.37' 0.0000 Yes 
0,54 0,5889 No 
3.71 0.0002 Yes 
4.48 0.0000 Yes 
4.60 0.0000 Yes 



Metal GRID SS GRID SS 
Rank Sum .. Valid N 

Aluminum 129 12 . 
Antimony 138 12 
Arsenic 127 12 
Barium 107.5 12 
Beryllium 130 12 
Cadmium 138 12 
Calcium 138 12 
Chromium 138 12 
Cobalt 90 12 
Copper 138 12 
Iron 128 12 
Lead 128.5 12 
Magnesium 125 12 
Manganese 91 12 
Mercury 130.5 12 
Nickel 106.5 12 
Potassium 130 12 
Selenium 121.5 12 
Silver 138 12 
Sodium 126 12 
Thallium· 98 12 
Vanadium 131 12 
Zinc 138 12 

• 

TABLE 3-6 

RESULTS OF WILCOXON RANK-SUM COMPARISONS 
. GRID SURFACE SOIL SAMPLES vs. BACKGROUND SOIL GROUP 1 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA 
PAGE 3 OF 8 

GRID SS BG1 BG1 BG1 U Z p-Ievel 
Avg Rank· Rank Sum Valid N A'v~ Rank 

10.75 ' 24 5 4.80 9 2.21 0.0269 
11.50 15 5 3.00 0 3.16 0.0016 
10.58 26 5 5.20 11 2.00 0.0452 
8.96 45.5 5 9.10 29.5 -0.05 0.9580 

10.83 23 5 4.60 8 2.32 0.0204 
11.50 15 5 3.00 0 3.16 0.0016 
11.50 15 5 3.00 0 3.16 0.0016 
11.50 15 5 3.00 0 3.16 0.0016 
7.50 63 5 12.60 12 -1.90 0.0578 

11.50 15 5 3.00 0 3.16 0.0016 
10.67 25 5 5.00 10 2.11 0.0350 

' 10.71 24.5 5 4.90 9.5 2.16 0.0307 
10.42 28 5 5.60 13 1.79 0.0731 
7.58 62 5 12.40 13 -1.79 0.0731· 
10.88 22.5 5 4.50 7.5 2.37 0.0177 
8.88 46.5 5 9.30 28.5 -0.16 0.8744 

10.83 23 5 4.60 8 2.32 0.0204 
10.13 31.5 5 6.30 16.5 1.42 0.1547 
11.50 15 5 3.00 0 3.16 0.0016 
10.50 27 ·5 5.40 12 1.90 0.0578 
8.17 55 5 11.00· 20 -1.05 0.2918 
10.92· 22 5 4.40 7 2.42 0.0153 
11.50 15 5 3.00 0 3.16 0.0016 

-

• 

adjusted p-Ievel GRID SS 
Z above BG1? 

2.22 0.0267 Yes 
3.17 0.0015 Yes 
2.00 0.0452 Yes 
-0.05 0.9579 No 
2.32 0.0203 Yes 
3.18 0.0015 Yes 
3.16 0.0016 Yes 
3.16 0.0016 Yes 
-1.90 '0.0578 No 
3.16 0.0016 Yes 
2.11 0.0350 Yes 
2.16 0.0305 Yes 
1.80 0.0724 Yes 
-1.79 0.0731 No 
2.38 0.0173 Yes 
-0.16 0.8740 No 
2.32 0.0204 Yes 
1.42 0.1545 No 
3.17 0.0015 Yes 
1.90 0.0578 Yes 
-1.06 0.2880 No 
2.42 0.0153 Yes 
3.16 0.0016 Yes 

• 



• 

Metal GRIDSB GRIDSB 
Rank Sum Valid N 

Aluminum. 219 12 
Antimony . ·198.5 12 
Arsenic 234 12 
aarium 209 12 
Beryllium 231.5 12 
Cadmium 234 12 
Calcium 222 12 
Chromium 215 12 
Cobalt 207.5 12 
Copper 197.5 12 
Iron 228 12 
Lead 230 12 
Magnesium 204 12 
Manganese 208.5 12 
Mercury 113.5 12 
Nickel 226 12 
Potassium 230 12 
Selenium 217.5 12 
Silver 227 12 
Sodium 165.5 12 
Thallium 217.5 12 
Vanadium 229 12 
Zinc 234 12 

• 
TABLE 3-6 

RESULTS.oF WILCOXON RANK-SUM COMPARISONS 
GRID SUBSURFACE SOIL SAMPLES vs. BACKGROUND SOIL GROUP 2 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA· 
PAGE 4 OF 8 

GRID SB BG2 BG2 BG2 U Z p-Ievel 
Avg Rank Rank Sum Valid N Avg Rank 

18.25 106 13 8.15 15 3.43 0.0006 
16.54 126.5 13 9.73 35.5 2.31 0.0208 
19.50 91 13 7.00 0 4.24 . 0.0000 
17.42 116 '13 8.92 25 2.88 0.0039 
19.29 93.5 13 7.19 2.5 4.11 0.0000 
19.50 91 13 7.00 0 4.24 0.0000 
18.50 103 13 7.92 12 3.59 0.0003 
17.92 110 13 8.46 19 3.21 0.0013 
17.29 117.5 13 9.04 ·26.5 2.80 0.0051 
16.46 127.5 13 9.81 36.5 2.26 0.0240 
19.00 97 13 . 7.46 6 3.92 0.0001 
19.17 95 13 7.31 4 4.03 0.0001 
17.00 121 13 9.31 30 2.61 0.0090 
17.38 116.5 13 8.96 25.5 2.86 0.0043 
9.46 211.5 13 16.27 35.5 -2.31 0.0208 

18.83 99 13 7.62 8 3.81 0.0001 
19.17 95 13 7.31 4 4.03 0.0001 
18.13 107.5 13 8.27 16.5 3.35 0.0008 
18.92 98 13 7.54 7 3.86 0.0001 
13.79 159.5 13 12.27 68.5 0.52 0.6053 
18.13 107.5 13 8.27 16.5 3.35 0.0008 
19.08 96 13. 7.38 5 3.97 0.0001 
19.50 91 13 7.00 0 4.24 0.0000 

- -------

• 

adjusted p-Ievel GRID SB 
Z above BG2? 

3.43 0.0006 Yes 
2.31 0.0208 Yes 
4.25 0.0000 Yes 
2.88 0.0039 Yes 
4.11 0.0000 Yes 
4.28 0.0000 Yes 
3.59 0.0003 Yes 
3.21 0.0013 Yes 
2.80 0.0051 Yes 
2.26 - 0.0239 Yes 
3.92 0.0001 Yes 
4.03 0.0001 Yes 
2.61 0.0090 Yes 
2.86 0.0043 Yes 
-2.34 0.0191 No 
3.81 0.0001 Yes 
4.03 0.0001 Yes 
3.35 0.0008 Yes 
3.93 0.0001 Yes 
0.52 0.6053 No 
3.35 0.0008 Yes 
3.97 0.0001 Yes 
4.24' 0.0000 Yes 



Metal PERISS PERISS 
Rank Sum Valid N 

Aluminum 40.5 6 
Antimony 51 6 
Arsenic 46 6 
Barium 32.5 6 
Beryllium 42.5 6 
Cadmium 51 6 
Calcium 50 6 
Chromium 51 6 
Cobalt 24 6 
Copper 44 6 
Iron 45 6 
Lead 41 6 
MaQnesium 40.5 6 
Manganese 31 6 
Mercury .38 6 
Nickel 30 6 
Potassium 44 6 
Selenium 26.5 6 
Silver 50.5 6 
Sodium 48 6 
Thallium 31.5 6 
Vanadium 48 6 
Zinc 48 6 

• 

TABLE 3-6 

RESULTS OF WILCOXON RANK-SUM COMPARISONS 
. PERIMETER SURFACE SOIL SAMPLES vs. BACKGROUND SOIL GROUP 1 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA 
PAGE 5 OF 8 

PERISS BG1 BG1 BG1 U Z p-Ievel 
Avg Rank Rank Sum Valid N· Avg Rank 

6.75 25.5 5 5.10 10.5 0.82 0.4113 
8.50 15 5 3.00 0 2.74 0.0062 
7.67 20 5 4.00 5 1.83 0.0679 
5.42 33.5 5 6.70 11.5 -0.64 0.5228 
7.08 23.5 5 4.70 8.5 1.19 0.2353 
8.50 15 5 3.00 0 2.74 0.0062 
8.33 16 5 3.20 1 2.56 0.0106 
8.50 15 5· 3.00 0 2.74 0.0062 
4.00 42 5 8.40 3 -2.19 0.0285 
7.33 22 5 4.40 ·7 1.46 0.1441 
7.50 21 5 4.20 6 1.64 0.1004 
6.83 25 5 5.00 10 0.91 0.3613 
6.75 25.5 5 5.10 10.5 0.82 0.4113 
5.17 35 5 7.00 10 -0.91 0.3613 
6.33 28 5 5.60 13 0.37 0.7150 
5.00 36 5 7.20 9 . -1.10 0.2733 
7.33 22 5 4.40 7 1.46 0.1441 
4.42 39.5 5 7.90 5.5 -1.73 0.0828 
8.42 15.5 5 3.10 0.5 2.65 0.0081 
8.00 18 5 3.60 3 2.19 0.0285 
5.25 . 34.5 5 6.90 ·10.5 -0.82 0.4113 
8.00 18 5 3.60 3 2.19 0.0285 

8 18 5 3.60 3 2.19 0.0285 

•• 

1. 

adjusted p-Ievel PERISS 
Z . above BG1? 

0.82 0.4103 No 
2.74 0.0062 Yes 
1.83 0.0679 Yes 
-0.64 0.5219 No 
1.19 0.2343 No 
2.76 0.0057 Yes I 

2.56 0.0106 Yes 
2.74 0.0062 Yes 
~2.19 0.0285 No 
1.46 0.1441 No 
1.64 0.1004 No I 

0.91 0.3613 No 
0.82 0.4103 No 
-0.91 0.3613 No 
0.37 0,7099 No 
-1.10 0.2722 No 
1.46 0.1432 No 
-1.74 0.0821 No 
2.68 0.0074 Yes 
2.19 0.0285 Yes 
-0.83 0.4081· No 
2.19 0.0285 Yes 
2.19 0.0285 . Yes 

• 



• 

Metal PERISB PERISB 
Rank Sum .Valid N 

Aluminum 90 6 
Antimony 81 6 
Arsenic 95 6 
Barium 84 6 
Beryllium 96 6 
Cadmium 99 6 
Calcium 90 6 
Chromium . 87 6 
Cobalt 79.5 6 
Copper 82.5 6 
Iron 96 6 
Lead 96 6 
Magnesium 77 6 
Manganese 81 6 
Mercury 43 6 
Nickel 86 6 
Potassium 89 6 
Selenium 89 6 
Silver 96.5 6 
Sodium 64 6 
Thallium 91 6 
Vanadium 99 6 
Zinc 97 6 

• 
TABLE 3-6 

. .RESULTS OF WILCOXON RANK-SUM COMPARISONS 
PERIMETER SUBSURFACE SOIL SAMPLES vs. BACKGROUND SOIL GROUP 2 

LANDFARM 
NSWC CRANE 

CRANE, INDIANA 
PAGE 6 OF 8 

PERI SB· BG2 BG2 BG2 U Z p-Ievel 
Avg Rank Rank Sum . Valid N Avg Rank 

15.0 100. 13 7.69 9 2.63 0.0085 
13.5 109 13 8.38 18 1.84 0;0655 
15.8 95 13 7.31 4 3.07 0.0021 
14.0 106 13 8.15 15 .2.10 0.0353 
16.0 94 13 7.23 3 3.16 0.0016 
16.5 91 13 7.00 0 3.42 0.0006 
15.0 100 13 7.69 9 2.63 . 0.0085 
14.5 103 13 7.92 ·12 2.37 0.0179 
13.3 110.5 13 8.50 19.5 1.71 0.0872 
13.8 107.5 13 8.27 16.5 1.97 0.0485 
16.0 94· 13 7.23 3 3.16 0.0016 
16.0 94 13 7.23 3 3.16 0.0016 
12.8 113 13 8.69 22 1.49 0.1360 
13.5 109 13 8.38 18 1.84 0.0655 
7.2 147 13 11.31 22 -1.49 0.1360 

14.3 104 13 8.00 13 2.28 0.0226 
14.8 101 13 7.77 10 2.54 0.0110 
14.8 101 13 7.77 10 2.54 0.0110 
.16.1 .93.5 13 7.19 2.5 3.20 0.0014 
10:7 126 13 9.69 35 0.35 0.7257 
15.2 99 13 7.62 8 2.72 . 0.0066 
16.5 91 13 7.00 0 3.42 0.0006 
16.2 93 13 7.15 2 3.25 0.0012 

.. 

• 

adjusted p-Ievel PERISB 
Z above BG2? 

. 2.63 0.0085 Yes 
1.84 0.0654 Yes 
3.07 0.0021 Yes 
2.10 0.0353 Yes 
3.16 0.0016 Yes 
3.48 0.0005 Yes 
2.63 0.0085 Yes 
2.37 0.0178 . Yes 
1.71 0.0871 Yes 
1.98 0.0483 Yes 
3.16 0.0016 Yes 
3.16 0.0016 Yes 
1.49 0.1360 No 
1.84 0.0655 Yes 
-1.54 0.1247 No 
2.28 0.0225 Yes 
2.54 0.0110 Yes 
2.55 0.0109 Yes 
3.27 0.0011 Yes 
0.35 0.7257 No 
2.73 0.0063 Yes 
3.42 0.0006 Yes 
3.25 0.0012 Yes 



Metal GRID SS GRIDSS 
Rank Sum Valid N 

Aluminum 134 12 
Antimony 136 12 
Arsenic 126 12 
Barium 118 12 
Beryllium 119.5 12 
Cadmium 121 12 
Calcium 127 12 
Chromium 137 12 
Cobalt 125.5 12 
Copper 136 12 
Iron 123 12 
Lead 128 12 
Maqnesium 122 12 
Manganese 115 12 
Mercury 137 12 
Nickel 133.5 12 
Potassium 125 12 
Selenium 133.5 12 
Silver 138.5 12 
Sodium 122 12 
Thallium 110 .12 
Vanadium 124 12 
Zinc 139.5 12 
Cyanide 123 12 
PH 121 12 

• 

TABLE 3-6 

RESULTS OF WILCOXON RANK-SUM COMPARISONS 
GRID SURFACE SOIL SAMPLESvs. PERIMETER SURFACE SOIL SAMPLES 

LANDFARM 
NSWC CRANE· 

CRANE, INDIANA 
PAGE 7 OF 8 

!' 

GRIDSS PERISS PERISS PERISS U Z p-Ievel 
Avg Rimk Rank Sum Valid N Avg Rank 

11.17 37 6 6.17 16 1.87 0.0611 
11.33 35 6 5.83 14 2.06 0.0394 
10.50 45 6 7.50 24 1.12 0.2611 
9.83 53 6 8.83 32 0.37 0.7079 
9.96 51.5 6 8.58 30.5 0.52 0.6065 
10.08 50' 6 8.33 29 0.66 0.5121 
10.58 44 6 7.33 23 1.22 0.2234 
11.42 34 6 5.67 13 2.15 0.0312 
10.46 45.5 6 7.58 24.5 1.08 0.2815 
11.33 35 6 5.83 14 2.06 0.0394 
10.25 48 6 8.00 . 27 0.84 0.3993 
10.67 43 6 7.17 22 1.31 0.1898 
10.17 49 6 8.17 28 0.75 0.4537 
9.58 56 .6 9.33 35 0.09 0.9254 

11.42 34 6 5.67 13 2.15 0.0312 
11.13 37.5 6 6.25 16.5 1.83 0.0678 
10.42 46 6 7.67 25 1.03 . 0.3029 
11.13 37.5 6 6.25 16.5 1.83 0.0678 
11.54 32.5 6 5.42 11.5 2.29 0.0218 
10.17 49 6 8.17 28 0.75 0.4537 
9.17 61 6 10.17 32 -0.37 0.7079 
10.33 47 6 7.83 26 0.94 0.3490 
11.63 31.5 6 5.25 10.5 2.39 0.0169 
10.25 48 6 8.00 27 0.84 0.3993 
10.08 50 6 8.33 29 0.66 0.5121 

.. -_ .. 

• 

adjusted p-Ievel GRID SS different 
Z than PERI SS? 

1.88 0.0608 . No 
2.07 0.0389 Yes 
1.12 0.2611 No 
0.38 0.7076 No 
0.52 0.6061 No 
0.66 0.5112 No 
.1.22 0.2234 No 
2.15 0.0312 Yes 
1.08 0.2812 No 
2.06 0.0393 Yes' 
0.84 0.3993 No 
1.31 0.1896 No· 
0.75 0.4535 No 
0.09 0.9254 No 
2.16 0.0308 Yes 
1.83 0.0670 No 
1.03 0.3027 No 
1.83 0.0674 No 
2.30 0.0216 Yes 
0.75 0.4537 No 
-0.38 0.7043 No 
0.94 0.3490 No 
2.39 0.0168 Yes 
0.88 0.3799 No 
0.66 0.5108 No 

• 



• 

Metal GRID SB GRIDSB 
Rank Sum Valid N 

Aluminum 106.5 12 
Antimony 110 12 
Arsenic· 111.5 12 
Barium 124 12 
Beryllium 119.5 12 
Cadmium 106.5 12 
Calcium 116.5 12 
Chromium 117.5 12 
Cobalt 122 12 
Copper 109.5 12 
Iron 108.5 12 
Lead 117.5 12 
Magnesium 109 12 
Manganese 121 12 
Mercury 121 12 
Nickel 131 12 
Potassium 111 12 
Selenium 115.5 12 
Silver 111.5 12 
Sodium 111 12 
Thallium 106.5 12 
Vanadium 105.5 12 
Zinc 109 12 
Cyanide 121 12 
PH 116 12 

• 
. TABLE 3-6 

RESULTS OF WILCOXON RANK-SUM COMPARISONS 
GRID SUBSURFACE SOIL SAMPLES vs. PERIMETER SUBSURFACE SOIL SAMPLES 

LANDFARM 
NSWCCRANE 

CRANE, INDIANA 
PAGE 8 OF 8 

GRIDSB PERI SB PERI SB PERI SB U Z p-Ievel adjusted 
Av~ R~mk Rank Suhl Valid N Avg Rank Z 

8.88 64.5 6 10.75 28.5 -0.70 0.4824 -0.70 . 
9.17 61 6 10.17 32 -0.37 0.7079 -0.37 
9.29 59.5 6 9.92 33.5 -0.23 0.8149 -0.23 
10.33 47 6 7.83 26 0.94 0.3490 0:94 
9.96 51.5 6 8.58 30.5 0.52 '0.6065 .. 0.52 
8.88 64.5 6 10.75 28.5 -0.70 0.4824 -0.71 . 
9.71 54.5 6 9.08 33.5 0.23 0.8149 0.23 
9.79 53.5 6 8.92 32.5 0.33 0.7431 0.33 
10.17 49 6 8.17 28 0.75 0.4537 0.75 
9.13 61.5 6 10.25 31.5 -0.42 0.6734 -0.42. 
9.04 62.5 6 10.42 30.5 -0.52 0.6065 -0.52 
9.79 53.5 6 8.92 32.5 0.33 0.7431 0.33 
9.08 62 6 10.33 31 -0.47 0.6396 -0.47 
10.08 50 6 8.33 29 0.66 0.5121 0.66 
10.08 50 6 8.33 29 0.66 0.5121 0.67 
10.92 40 6 6.67 19 1.59 0.1114 1:59 
9.25 60 6' 10.00 33 -0.28 0.7787 -0.28 
9.63 55.5 6 9.25 34.5 0.14 0.8883 0.14 
9.29 59.5 6. 9.92 33.5 -0.23 0.8149 -0.25 
9.25 60 6 10.00 33 -0.28 0.7787 -0.28 
8.88 64.5 6 10.75 28.5 . -0.70 0.4824 -0.71 
8.79 65~5 6 10.92 27.5 -0.80 0.4260 -0.80 
9.08 62 6 10.33 . 31 -0.47 0.6396 -0.47 
10.08 50 6 8.33 29 0.66 0.5121 0.70 
9.67 55 6 9.17 34 0.19 0.8514 0.19 

Bold indicates metal from site1 is statistically different than site2at a 5% level of signifigance. 

-../ 

•• 

p-Ievel GRID SB different 
than PERI SB? 

0.4820 No 
0.7079 No 
0.8147 No 
0.3490 No 
0.6063 No 
0.4774 No 
0.8148 No 
0.7428 No 
0.4530 No 
0.6733 No 
0.6063 No 
0.7429 No 
0.6396 No 
0.5121 No 
0.5040 No 
0.1112 No 
0.7787 No 
0.8875 No 
0.8059 No 

. 0.7787 No 
0.4778 No 
0.4257 No 
0.6396 No 
0.4813 No 
0.8502 No 



., 

'-' 
0) 
~ 
0, 
E ---c 
0 

W 
~. -c 
Q) 
() 
c 
8 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

0 

FIGURE 3-1 

COMPARISONS OF DATA RANGES TO RISK-BASED TARGET LEVELS 
SWMU 30 - LANDFARM 

'NAVAL SURFACE WARFARE CENTER 
CRANE, INDIANA 

PAGE 1 OF2 

Comparisons 'of Data Ranges to Risk-Based Target Levels 
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4.0 HUMAN HEALTH SCREENING EVALUATION 

This section, presents the results of the Hum~m Health Risk Screening Evaluation (HHSE) of chemical 

concentrations detected in surface and subsurface soils collected at SWMU 30. Information on the 

seleCtion of chemicals of potential concern, exposure assessment, characterization of estimated potential 

human health risks, and summary and conclusions for the risk screening are contained in Sections 4.1, 

4.2, 4.3, and 4.4, respectively. 

4.1 CHEMICALS OF ,POTENTIAL CONCERN SELECTION' 

Chemicals of potential concern (COPCs) are the target analytes detected in an environmental media that 

are selected for evaluation in a risk assessment. COPCs for thisHHSE are identified below and are 

those chel11icals detected in the SWMU 30, surface or subsurface soil. samples at maximum 

concentrations exceeding the RBTLs previously defined in the Crane Landfarm Soil Sampling Work Plan 

Addendum for SWMU 30 (TtNUS, 2002) and the Base-specific background concentrations: 

• • Surface soil - antimony, arsenic, beryllium, cadmium, chromium, copper, iron, lead; mercury, silver, 

• 

vanadium, and zinc. 

• Subsurface soil - arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, iron,' lead, 

manganese, nickel, selenium, silver, thallium, vanadium, and zinc. 

This is a conservative approach for the HHSE bes:;ause the RBTLs were derived based on both human 

health and ecological screening criteria and because the ecol6gi~al scrE;lening criteria for metals are often .. 
. '....... . 

lower than the risk-based screening criteria typically used for COPC selection in a human health risk 

/ .. assessment. For example, antimony, arsenic, chromium, iron, mang,anese, and vanadium were the only 

inorganics detected at concentrations exceeding risk-based human health screening levels typically 

recommended by EPA Region 5 for the selection of COPCs.'. EPA Region 5 recommends COPC 

screening levels bas~d on the Region 9 Preliminary Remediation Goals (pRGs). The rRGs are chemical 

concentrations corresponding to fixed levels of risk (i.e., a Hazard Quotient (HQ) of 1 for non-carcinogenic 

chemicals. or a lifetime cancer risk of 1 E-06 for carcinogenic chemicals)~ The Region 5 COPC screening 

levels for carcinogenic and non-carcinogenic compounds are typically the Region 9 PRG and one-tenth 

the Region 9, respectively. One-tenth the Region 9 PRG is recommended for non-carcinogenic 

. compounds to account for t~e potential cumulative effects of multipl,e compounds effecting the same 

target organ .. 
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42 EXPOSURE ASSESSMENT 

This section presents the exposure assessment' for SWMU 30. SWMU 30 'is a relatively flat area 

approximately 2.5 acres in size. The site is currently well vegetated. Surface water drainage from the 

area floWs to the southwest. Depth to groundwater is approximately 25 feet below ground surface. 

Groundwater quality underlying the SWMU has not been impacted by site operations as described in the 

D~aft Phase II Ground Water RFI' Report (TtNUS, 2001). 

Currently, SWMU 30 is not being used for any sludge application or other landfarming activities. In 

addition, the Base does not have any current plans to develop the site. Consequently, under current and 

anticipated future land use at SWMU 30, the following receptors are the most likely individuals to be 

exposed to COPCs in soils at the site. 

• Base personnel engaged in site maintenance activities (cutting grass, etc.) 

• Trespassers 

These receptors may be exposed to COPCs in surface soils via direct contact (Le., incidental ingestion, • 

,dermal contact) or via, inhalation of airborne soil particulates from the site. Exposure to subsurface soil 

and groundwater is unlikely because these receptors are not expected to be engaged in ground-intrusive 

activities. However, for purposes of this risk screening, the exposure assessment will assume that a 

hypothetical future resident or typical industrial worker may be exposed to the COPCs in surface or 

, subsurface soils. The exposure assessment assumptions (e.g., soil ingestion rates, etc) are those 

specified in the calculation of the Region 9 PRGs for the hypothetical future resident and the typical 
, ' 

industrial worker. (The exposure assessment methodology for the Region 9 PRGs is presented in 

Appendix F, No.1.) As' detailed below, the maximum' detected concentration is evaluated as the 

exposure point concentration (i.e., the COPC concentration to which a receptor is exposed). 

4.3 RISK CHARACTERIZATION' 

Tables 4~1 through 4-8 present results of the risk characterization conducted forthis HtlSE. Cancer and 

, non-cancer risk estimates were developed for the hypothetical future resident andtypical industrial worker 

using the maximum detected cope concentrations in surface and subsurface soils, and available Region 

9 PRGs. As noted previously, the EPA Region 9 PRGs represent the 1 E-06 cancer risk level for 

carcinogenic chemicals and a Hazard Index of 1 (i.e., the no adverse effect concentration) for non

,carcinogens. Thus, risk estimates were developed using a simple ratio-ing technique: 

040104/P (Addendum) 4-2 CTO 0019 
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EPA Region 9 PRG Hazard Index of 1 or Cancer Risk Estimate of 1 E -06 
= 

EPC forCOPC ?? Hazard Index or Ca,ncer risk Estimate 

Risk estimates for the hypothetical future resident and the typical industrial worker using maximum 

detected concentrations are summarized below: 

Surface Soil Subsurface Soil 

Grid Perim~ter Grid Perimeter 

Hazard Index (Residential land use) 3.S 1.S 3.3 S 

Cancer Risk Estimate (Residential land use) S.8E-OS 2.3E-OS 3.3E-OS 2.7E-OS 

Hazard Index (Industrial land use) 1.4E-01 6.3E"02 1.SE-01 2.4E-01 

Cancer Risk Estimate (Industrial land use) 8.4E-06 3.3E-06 ·4.8E-06 4E-06 

Cancer risk estimates pr~sented above do not exceed the risk management range (1 E-04 to 1 E-06) often 

used by EPA to determine the need for environmental remediation or set standards and criteria .. The total 

hazard indices calculated. for the typical industrial worker are less than one indicating that adverse non-

. carcinogenic health effects are. not anticipated under the conditions established for the exposure 

assessment. The total hazard indices calculated for the hypothetical future resident exposed to COPCs 

in surface or subsurface soils marginally exceed the EPA benchmark of 1 (i.e., they are between 1.S and 

S.) Arsenic, iron, and manganese are the primary contributors to the non-carcinogenic risk; the His 

developed for iron and/or manganese exceed 1 when maximum concentrations in perimeter subsurface 

soils, grid surface soils, or grid subsurface soils are evaluated. However, the following information sh?uld 

becorisidered when interpreting these results: 

• The Region 9 PRG for iron in soil assuming a residential land use-scenario (23,000 mg/kg) is based 

on a reference dose (i.e., the non-carcinogenic toxicity criteria) of 0.3 mg/kg/day and assumes that 

the receptor of concern is the resident child. However, based on· guidance received courtesy EPA 

Region 3; this reference dose is based on a typical or re.commended daily intake for an adult and· not 

.on the potential for adverse non-carcinogenic health effeCts (Appendix F,. No.2). Additionally, the 

.nutritional needs of children differ from adults and a more appropriate· reference dose for children 

would be 1.1 mg/kg/day. A PRG for the resident child based on· a reference dose of 1.1 mg/kg/day 

would be approximately 8S,000mg/kg. The maximum iron concentration in the soils at SWMU 30 

does not exceed 42,SOO mg/kg. The arithmetic mean concentrations in surface soils and subsurface 

soils are 20,SOO and 29,500 mg/kg, respectively . 
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• The Region 9 PRG for manganese in soil assuming a residential land use scenario (1,800 mg/kg) is 

based on a reference dose (i.e., the non-carcinogenic toxicity criteria) of 0.024 mg/kg/day. However, 

based on guidance received courtesy EPA Region 1 .. a more appropriate risk-based concentration 

. would be 5,173 mg/kg (Appendix F, No.3). The maximum manganese concentration. in soils 

(4,690 mg/kg) was detected in the perimeter subsurface soil samples. The maximum concentration 

detected in the grid surface soil samples was 1,550 mg/kg. Consequently, the pattern of 

contamination does not suggest that SWMU 30 is a significant source of manganese. 

• The Region 9 PRG (noncarCinogenic effects) for arsenic in soil assuming a residential land use 

scenario is 22 mg/kg. Although the arseniC? concentrations detected in the soils at SWMU 30 exceed 

Base-specific background concentrations, arsenic is a naturally occurring metal and may· occur 

naturally in some locations (e.g., in the western United States) at concentrations exceeding 90 mglkg. 

The HI for the maximum arsenic:concentration in surface soils at SWMU 30 (22.4 mg/kg) is 

approximately 1. The HI associated with· the 95 percent confidence limit on the arithmetic mean 

arsenic concentration (12.1 mg/kg) does not exceed 1. 

In response to a comment the Navy received from EPA Region 5, risks were recalculated employing the 

95% Upper Confidence Limit (UCL) of the mean concentrations of the COPCs (rather than the maximum 

detected COPC concentrations) to provide further rationale for why the iron; manganese, and arsenic 

screening level His may be regarded as overestimates. Tables 4-1 A through 4-8A (which follow Table 

4-8 at the end of this Section) present the recalculated results of the risk characterization conducted in 

the same manner as described above - except that cancer and non-cancer risk estimates were developed 

for the hypothetical future resident an typical industrial worker using the 95% UCL in surface and 

subsurface soils. These risk estimates are summarized below. 

,95% UCL of the Mean Concentration for Surface Soil Subsurface Soil 
COPCs Grid Perimeter Grid Perimeter 

Hazard Index (Residential land use) 2.1 1.5 2.2 2.5 

Cancer Risk Estimate (Residential land use) 3.1 E-05 2.0E-05 2.5E-05 2.7E-05 

Hazard lridex (Industrial land use) . 1.7E-01 1.1E-01 1.9E-01 2.4E-01 

Cancer Risk Estimate (Industrial land use) 7.6E-06 5.0E-06 6.2E-06 6.6E-06 

EPA Region 9 PRGs representing the 1 E-06 cancer risk level for total chromium are calculated by EPA 

. assuming that the ratio o~ the hexavalent chromium to trivalent chromium in soil is 1 to 6. Because all of 
, . 

the hexavalent chromium results were rejected except one (see Appendix D), these were the values used 

in risk Characterization calculations. 
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Antimony, arsenic, ·chromium, iron, manganese, and vanadium were the only metals detected in soils at 

conceritrations exceeding screening levels typically recommended by EPA Region 5 to select chemicals 

of potential concern for human health risk assessment. Two human receptors (the hypothetical future 

resident and typical industrial worker) were evaluated for health risks potentially resulting from exposure 

to these metals. Cancer risk estil"Dates developed for these receptors do not exceed the risk management 

range (1 E-04 to 1 E-06) often used by EPA to determine the need for environmental remediation or to set. 

environmental standards and criteria. Non-cancer risk estimates indicate a marginal exceedance of the 

EPA non-carcinogenic benchmark (a hazard index of 1) when the hypothetical future resident .is 

evaluated; non-cancer risk estimates do not exceed the benchmark when the typical industrial worker is 

evaluated. The non-cancer risk estimates were developed in a very conservative manner (e.g., the 

evaluation assumed that a human receptor is exposed to the maximum detected concentration; very 

conservative toxicity benchmarks were used to evaluate iron and manganese). Consequently, the non

cancer risk results are likely to be over estimated . 
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TABLE 4·1 

SUMMARY OF RESIDENTIAL HUMAN HEALTH R.ISKS AND HAZARDS FOR GRiD SURFACE SOIL 
LANDFARM 

NSWCCRANE 
CRANE, INDIANA 

Parameter(7) Primary Target 
Organs(2). 

Target Organ His 

Total Blood HI = 2.0E-01 
Total Cardiovascular HI = 1.0E+00 

Total Skin HI = 1.1 E+OO 
Total Kidney HI = 4.3E-02 I 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, November 22, 2000. 
2 - Primary Target Organs ~ Integrated Risk Information System (IRIS). 
3· Chromium value based on assumption cif 1 :6, Chromium VI : Chromium III ratio. 
4 - Chromium value based on Chromium VI·noncarcinogenic PRG. 
5 - PRG is shaded if max.imum detected concentration exceeds PRG. 
6 - PRG is shaded if maximum detected concentration exceeds 1/1 Oth PRG. 
7 - Analyte name is shaded If maximum sample concentration is greater than the 

Region 9 carcinogenic PRG arid/or 1/1 Oth the Region 9 noncarcinogenic PRG. 
B - Carcinogenic PR.G values are based on the inhalation cancer slope factor . 

• 

Total Gastrointestinal HI = 1.0E-02 
Total Respiratory HI = 1.7E-01 

Total Neurological HI = 1.BE-02 

Abbreviations: 
NA • Not available 
ND • Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental Lifetime· Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index . 
CVS - Cardiovascular System 
GI - Gastrointestinal 

•• 
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Parameter(7) 

Footnotes: 

• 
TABLE 4·2 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR GRID' SURFACE SOIL 
LANDFARM 

NSWCCRANE 
CRANE, INDIANA 

Maximum PRG· . 
Concentration' Industrial(1,3,5) Estimated ILCR 

Total Blood HI = 7.5E-03 
Total Cardiovascular HI = 5.1 E-02 

Total Skin HI = 5.3E-02 
Total Kidney HI = 2.0E-03 I 

Primary Target 
Organs(2) 

PRG· 
Industrial(1,4,6) Estimated HQ 

Total Gastrointestinal HI = 4.1 E-04 
Total Respiratory HI = 6.4E-03 

Total Neurological HI = 6.7E-04 

Abbreviations: 
1 • Region IX· Preliminary RE!mediation.Goals (pRGs) Tables, November 22,2000. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 

NA - Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 

m 
Background 

Concentration 

3 - Chromium value, based on assumption of 1 :6, Chromium VI : Chromium III ratio. 
4 ~ Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if maximum detected concentration exceeds PRG. 

ILCR - Incremental Lifetime Carcinogenic Risk' 
HQ - Hazard Quotient 

6 - PRG is shaded if maximum detected concentration exceeds 1/10th PRG. 
7 ~ Analyte name is shaded if maximum sample concentration is greater than the 

Region 9 carcinogenic PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation cancer slope factor: . 

HI - Hazard Index 
CVS - Cardiovascular System 
GI - Gastrointestinal 
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Parameter(7) 

Subsurface 

.. 
BARIUM 
BERYLLlUM(8) 

~ii~!~ifJfii;je~ 
COBALT 
COPPER 
lI:r. 
LEAD . . 
NICKEL 
SELENIUM 
SILVER .: 
THALLIUM 
VANADIUM 
ZINC 

Footnotes: 

TABLE 4-3 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR GRID SUBSURFACE SOIL 
LANDFARM 

NSWC CRANE 
CRANE, INDIANA 

Incremental Lifetime Carcino\1enic Risk (ILC~ Estimated Non-Carcinooenic Hazard Quotienf(HQ) 

Maximum PRG- Primary Target . PRG-
Concentration Residential(1,3,S) Estimated ILCR Organs(2) Residential(1,4,6) Estimated HQ 

(maiko) (mg/kg) (m\1/k\1l 

12.9 . 11- 3.3E-05 CVS, skin ~ 5.9E-01 
161 NA - kidney I 5.4E+03 I 3.0E-02 
1.4 1.1 E+03 1.3E-09 GI 1.5E+02 9.3E-03 

0.72 1.4E+03 5.1E-10 kidney .~ 1.9E-02 
27.8 2.1E+02 1.3E-07 respiratory 1.2E-01 
13.1 NA - 4.7E+03 2.8E-03 
20.3 NA - I 2.9E+03 7.0E-03 

35300 NA - I~- 1.5E+00 
21 NA I NA I -

1430 NA neurological :f~ 7.9E-01 
17.7 NA body weight 1.6E+03. 1.1E-02 
0.51 NA - 3.9E+02 1.3E-03 
0.14 NA - skin 3.9E+02 3.6E-04 
0.34 NA - 5.2E+00 6.5E-02 
50.6 NA - 5.5E+02 9.2E-02 
64.8 NA - blood 2.3E+04 2.8E-03 

Total Carcinogenic Risk 3.3E-05 Total HI 3.3E+00 

Total Blood HI = . 2.8E-03 Total Gastrointestinal HI = 9.3E-03 
Total Cardiovascular HI = 5.9E-01 Total Respiratory HI = 1.2E-01 . 

Total Skin HI = 5.9E-01 Total Neurological HI·= 7.9E-01 
Total Kidney HI = 4.9E-02 I Total Body Weight HI.= 1.1 E~02 

Abbreviations: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, November 22, 2000. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 

NA - Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 

Maximum 
Background 

Concentration 

(m!1fk\1) 

6 
94.4 
0.69 
NO 

25.5 
9.2 
16.4 

27700 
11.7 
376 
13.1 
NO 
0.05 

.. 0.27 
42.4 
35.3 

3 - Chromium value based on assumption of 1:6, Chromium VI: Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if maximum detected concentration exceeds PRG. 

ILCR - Incremental Lifetime CarCinogenic Risk 
HQ - Hazard Quotient 

6 - PRG is shaded if maximum detected concentration exceeds 1/1Oth PRG. 
7 - Analyte name is shaded if. maximum sample concentration is greater than the 

Region 9 carCinogenic PRG aridlor 1/1Oth the Region 9 noncarcinogenic PRG. 
8 - ~arcinogenic PRG values are based on the inhalation cancer slope factor. 

• 
HI - Hazard Index 
CVS - Cardiovascular System 
GI - Gastrointestinal 

• 
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Param~ter(7) 

Subsurface 

.. 
BARIUM 
BERyLLIUM'S) 
CADMiuM'S) 
CHROMIUM(S) 

COBALT 
COPPER 
IRON· 
LEAD 
MANGANESE 
NICKEL 
SELENIUM 
SILVER 
THALLIUM 
VANADIUM· 
ZINC 

Footnotes: 

• 
TABLE 4-4 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR GRID SUBSURFACE SOIL 
LANDFARM 

NSWCCRANE 
CRANE, INDIANA 

Incremental Lifetime Carcinogenic Risk (lLCR) 

Maximum PRG -
Estimated ILCR 

Conc.entration Industrial(l,3,5) 

(mg/kg) (mg/kg) 

12.9 ..- 4.BE-06 
161 NA -
1.4 2.2E+03 6.4E-10 

0.72 3.0E+03 2.4E-10 

27.B 4.5E+02 6.2E-OB 
13.1 NA -
20.3 NA -

35300 NA -
21 NA -

1430 NA -
17.7 NA -
0.51 NA -
0.14 NA -
0.34 NA -
50.6 NA -
64.B NA -

Total Carcinogenic Risk 4.BE-D6 

Total Blood HI = 1.1 E-04 
Total Cardiovascular HI = 2.9E-02 

Total Skin HI = 2.9E-02 
Total Kidney HI = 2.2E-03 

. Estimated Non-Carcinogenic Hazard Quotient (HQ) 

Primary Target PRG -
Estimated HQ Organs(2) Industrial(l,4,6) 

(mglkg) 

CVS, skin 4.4E+02 2.9E-D2 
kidney 1.2E+05 1.3E-03 

GI 3.7E+03 3.BE-04 
kidney B.1E+02 B.9E-04 

respiratory 6.1 E+03 4.6E-03 
1.2E+05 1.1 E-04 
7.6E+04 2.7E-04 
6.1E+05 5.BE-02 

NA -
neurological 3.2E+04 4.5E-02 
body weight 4.1E+04 4.3E-04 

1.0E+04 5.1E-05 
skin 1.0E+04 1.4E-05 

1.3E+02 2.6E-03 
1.4E+04 3.6E-03 

blood 6.1E+05 1:1 E-04 
Total HI 1.5E-01 

Total Gastrointestinal HI = 3.BE-04 
Total Respiratory HI = 4.6E-03 

Total Neurological HI = 4.5E-02 
'Total Body Weight HI = 4.3E-04 I 

Abbreviations: 
NA - Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 

. MaXimum 
Background 

. Concentration 

(mglkg) 

6 
94.4 
0.69 
NO 

25.5 
9.2 
16.4 

27700 
11.7 
376 
13.1 
NO 

0.05 
0.27 
42.4 
35.3 

1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, November 22, 2000. 
2 - Primary Target Organs - Integrated Risk Informatiori $ystem (IRIS). . 
3 - Chromium value based on assumption of 1 :6, Chromium VI : Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if maximum detected concentration exceeds PRG. 

ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 

6 - PRG is shaded if maximum detected concentration exceeds 1/10th PRG. 
7 - Analyte name is shaded if maximum sample concentration is greater than the 

Region 9 carcinogenic PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 
B - Carcinogenic PRG values' are based on the inhalation cancer slope factor. . 

HI - Hazard Index 
CVS -Cardiovascular System 
GI - Gastrointestinal 

• 
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TABLE 4·5 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SURFACE SOIL 
LANDFARM· 

NSWC CRANE 
CRANE, INDIANA 

Parameter(7) 

Target Organ His· 

. Total Blood HI= 2.6E-03 
Total Cardiovascular HI = 4.0E-01 

Total Skin HI = 4.1 E-01 
Total Kidney HI = 2.7E~02 I 

. ' 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, November 22; 2000. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Chromium value based on assumption of 1 :6, Chromium VI : Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if maximum detected concentration exceeds PRG. 
6 - PRG is shaded if maximum detected concentration exceeds 1/10th PRG. 
7 - Analyte name is shaded if maximum sample concentration is greater than the 

Region 9 carcinogenic PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation cancer siope factor .. 

•• 

Total Gastrointestinal HI = 7.3E-03 
Total Respiratory HI = 1.0E-01 

Total Neurological HI = 2.3E-03 

Abbreviations: 
NA - Not available 
ND - Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index 

. CVS - Cardiovascular System 
GI - Gastrointestinal 

• 
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TABLE 4-6 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SURFACE SOIL 
LANDFARM 

NSWC CRANE 
. CRANE, INDIANA 

Parameter(7) 

Target Organ His 

Total Blood HI = 9.9E-05 
Total Cardiovascular HI = 2.0E-02 

Total Skin HI = 2.1 E-02 
Total Kidney HI = 1.2E-03 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, November 22, 2000. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Chromium value based on assumption of 1 :6, Chromium VI: Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRGis shaded if maximum detected concentration eJ.<ceeds PRG. 
6 - PRG is shaded if maximum detected concentration exceeds 1/10th PRG. 
7 - Analyte name is shaded if maximum sample concentration is greater than the 

Region 9 carcinogenic PRG and/or 1/1 Oth the Region 9 noncarcinogenic PRG.· 
8.- Carcinogenic PRG values are based on the inhalation cancer slope factor .. 

Total Gastrointestinal HI = 3.0E-04 
Total Respiratory·HI = 3.8E-03 

Total Neurological HI = 8.9E-05 

Abbreviations: 
NA - Not available 
ND - Nondetected 
PRG·- Preliminary Remediation Goal 
ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index 
CVS - Cardiovascular System 
GI - Gastrointestinal . 
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TABLE.4-7 

. SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SUBSURFACE SOIL 
LANDFARM 

. NSWC CRANE 
CRANE, INDIANA 

Parameter(7) 
Estimated ILCR 

Primary Ta·rget 
Organs(2) 

PRG -

Target Organ His 

Total Blood HI = 3.0E-03 
Total Cardiovascular HI = 4.8E-01 

Total Skin HI = 4.8E-01 
Total Kidney HI = ·2.2E-02 I 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, November 22, 2000. 
2 - Primary Target Organs - Integrated Risk Infonnatlon System (IRIS). 
3 - Chromium· value based on assumption of 1:6, Chromium VI: Chromium III ratio. 
4 ~ Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if maximum detected concentration exceeds PRG. 
6 - PRG is shaded if maximum detected concentration exceeds 1/10th PRG. 
7 - Analyte name is shaded if maximum sample concentration is greater than the 

Region 9 carcinogenic PRG and/or 1/1 Oth the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation cancer slope factor . 

• 

Total Gastrointestinal HI = 8.7E-03 
Total Respiratory HI = 1.3E~01 

Total Neurological HI = 2.6E+00 
Total Body Weight HI = 9.8E-03 

Abbreviations: 
NA - Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index 
CVS - Cardiovascular System 
GI - Gastrointestinal 

• 
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Parameter(7) 

Surface 

BARIUM 
BERYLLlUM(8) 

CHROMIUM 8 

COBALT 
COPPER 
IRON 
LEAD 
MANGANESE 
NICKEL 
SELENIUM 
SILVER. 
THALLIUM 
VANADIUM 
ZINC 

Footnotes: 

• 
TABLE 4-Q 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SUBSURFACE SOIL 
LANDFARM 

NSWCCRANE 
CRANE,'INDIANA 

Estimated Non·Carcino enic Hazard Quotient HQ 

PRG·· Maximum Primary Target PRG· 
EstimatedHQ 

Concentration Industrial(1,3,5) Estimated ILCR Organs(2) Industrial(1,4,6) 

10.6 .. 3.9E-06 4.4E+02 2.4E-02 -
118 NA 1,2E+05 9.8E-04 

1.3 2.2E+03 . 5.9E-10 3.7E+03 3.5E-04 
30,7 4,5E+02 6,8E,08 6.1E+03 5.0E-03 
26,2 NA 1,2E+05 2,2E-04 
19.2 NA 7.6E+04 2.5E-04 

35800 NA 6.1E+05 5.9E-02 
35 NA NA 

4690 NA 3.2E+04 1,5E-01 
15.6 NA 4.1E+04 3.8E-04 
0.58 NA 1.0E+04 5.8E-05 
0.11 NA skin 1.0E+04 1.1 E-05 
0.3 NA 1.3E+02 2.3E-03 

55.9 NA 1.4E+04 4.0E-03 
68.8 NA blood 6.1E+05 1.1E-04· 

Total Carcinogenic Risk 4.0E-06 
-----_._.-

Total HI 2.4E-01 

Target Organ· His 

Total Blood HI = 1.1 E-04 Total Gastrointestinal HI = 3.5E-04 
Total Cardiovascular HI = 2.4E-02 Total Respiratory HI = 5.0E-03 

Total Skin HI = 2.4E-02 Total Neurological HI = 1.5E-01 
Total Kidney HI = 9.8E-04 Total Body Weight HI = 3.8E-04 

Abbreviations: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, November 22, 2000. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 

NA - Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 

aXlmum 
. Background 
Concentration 

m k 

6 
94.4 
0,69 
25,5 
9,2 
16.4 

27700 
11.7 
376 
13.1 
NO 

0.05 
0.27 
42.4 
35.3 

3 - Chromium value based on assumption of 1 :6, Chromium VI : Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG Is shaded if maximum detected concentration exceeds PRG. 

ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 

6 - PRG is shaded if maximum detected concentration exceeds 1/10th PRG. 
7 - Analyte name is shaded if maximum sample concentration is greater than the 

Region 9 carcinogenic PRG and/or 1I10th the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation cancer·slope factor. 

HI - Hazard Index-
CVS - Cardiovascular .System 
GI - Gastrointestinal 

• 
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TABLE 4-1A 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR GRID SURFACE SOIL- EPC = 95% UCL 
LANDFARM 

NSWC CRANE 
CRANE, INDIANA 

Parameter(7) 
95% UCL 

PRG-
Estimated ILCR 

Target Organ His 

Total Blood HI = 1.1 E-01 
Total Cardiovascular HI = 5.5E-01 

Total Skin HI = 6.0E-01 
Total Kidney HI = 1.9E-02 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, October 1,2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Chromium value based on assumption of 1 :6, Chromium VI : Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if 95% UCL exceecjs PRG. 
6 - PRG is shaded if 95% UCL exceeds 111 Oth PRG. 
7 - Analyte name is shaded if 95% UCL is greater than the 

Region 9 carcinogenic PRG and/or 1I10th the Region 9 noncarcinogenic PRG. 
a -Carcinogenic PRG valuE;ls are based on the inhalation cancer slope factor . 

• 

Total Gastrointestinal HI = 6.5E-03 
Total Respiratory HI = 1.3E-01 

Total Neurological HI = 9.3E-03 

. Abbreviations: 
NA - Not available 
N D - Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental lifetime Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index 
CVS - Cardiovascular System 
GI , Gastrointestinal 
EPC - Exposure Point Concentration 

• 
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Parameter(7) 

Surface 

ANTIMONY .. 
BERYLLlUM(8) 
CADMIUM(8) 

CHROMIUM(8) 

COPPER 
IRON 
LEAD 
MERCURY 
SILVER 
VANADIUM 
ZINC 

Footnotes: 

• 
TABLE 4-2A 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR GRID SURFACE SOIL - EPC = 95% UCL 
LANDFARM 

NSWCCRANE 
CRANE, INDIANA 

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ) 

PRG - Primary Target PRG -
95% UCL EstimatedlLCR Estimated HQ .' Industrial(l,3,5) Organs(2) Industrial(l,4,6) 

(mg/kg) (mg/kg) (mg/kg) 

3.37 NA - blood 4.1E+02 S.2E-03 
12.1 . ..- 7.6E-06 CVS,skin 2.6E+02 4.7E-02 

0.979 . 2.2E+03 4.5E-10 .- GI 1.9E+03 5.2E-04 

0.715 3.0E+03 2.4E-10 kidney 4.5E+02 1.6E-03 

27.7 4.5E+02 6.2E-OS respiratory 2.5E+03 1.1 E-02 
19.9 NA - .4.1E+04 4.9E-04 

26700 NA - 3.1E+05 S.6E-02 
23.1 NA - NA -
0.213 NA - neuroloQical 3.1E+02 6.9E-04 
19.7 NA - skin '5.1E+03 3.9E-03 
46.6 NA - 7.2E+03 6.5E-03 
71.4 NA - blood 3.1E+05 . 2.3E-04 

Total Carcinogenic Risk 7.6E-06 . Total HI 1.7E-01 

. Total Blood HI = S.4E-03 Total Gastrointestinal HI = 5.2E-04 
Total Cardiovascular HI = 4.7E-02 Total Respiratory HI = 1.1 E-02 

Total Skin HI = 5.0E-02 Total Neurological HI = 6.9E-04 
Total Kidney HI = 1.6E-03 

Abbreviations: ---
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, October 1, 2002. 
2 ~ Primary Target Organs - Integrated Risk Information System (IRIS). 

NA - Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 

MaXimum 
Background 

Concentration 

(mg/kg) 

NO 
6.8" 

0.74 

NO 

15.1 
11.3 

17400 
17.1 
0.06 
0.05 . 
32.2 
49.6 

3 - Chromium. value based on assumption of 1:6, Chromium VI: Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if 95% UCL exceeds PRG. 

ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 

6 - PRG is shaded if 95%UCL exceeds 1/10th PRG. HI - Hazard Index 
7 - Analyte name is shaded if 95% UCL is greater than the 
. . Region 9 carcinogenic PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 

CVS - Cardiovascular System . 
Gr- Gastrointestinal 

S - Carcinogenic PRG values are based on the inhalation.cancer slope factor. EPC - Exposure Point Concentration 

• 
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TABLE 4-3A 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR GRID SUBSURFACE SOIL - EPC = 95% UCL 
LANDFARM. 

NSWC CRANE 
CRANE, INDIANA 

Parameter(7) . 
95% UCL 

Primary Target 
Organs(2) 

Total Blood HI = 2.3E-03 
Total Cardiovascular Hi = 4.5E-01 

Total Skin HI = 4.5E-01 
Total Kidney HI = 3.0E-02 I 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Chromium value based on assumption of 1:6, Chromium VI: Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if 95% UCL exceeds PRG. 
6 - PRG is shaded if 95% UCL exceeds 1/10th PRG. 
7 - Analyle .name is shaded if 95% UCL is greater than the 

Region 9 carcinogeniC PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 
a -Carcinogenic PRG values are bas·ed on the inhalation cancer slope factor. 

• 

Total Gastrointestinal HI = 6.4E-03 
Total Respiratory HI = 1.2E-01 

Total Neurological HI = 1.1 E-01 
Total Body Weight HI = 9.7E-03 

. Abbreviations: 
NA - Not available . 
ND - Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index 
CVS - Cardiovascular System 
GI - Gastrointestinal 
EPC - Exposure Point Concentration 

• 
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Parameter(7) 

Subsurface 

:l.':~' 
BARIUM 
BERYLLlUM(8) 
CADMIUM(8) 

CHROMIUM(8) 
COBALT(8) 

COPPER 
IRON 
LEAD 
MANGANESE 
NICKEL 
SELENIUM 
SILVER 
THALLIUM 
VANADIUM 
ZINC 

Footnotes: 

• 
TABLE 4-4A 

SUMMARY OF INDUSTRIAL HUMAN HEAL THo RISKS AND HAZARDS FOR GRID SUBSURFACE SOIL - EPe = 95% UCL 
LANDFARM 

NSWC CRANE 
CRANE, INDIANA 

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ) 

PRG - Primary Target PRG -
95%oUCL 

Industrial(1,3,5) Estimated ILCR o Organs(2) Industrial(1,4,6) Estimated HQ 

(mg/kg) (mglkg) (mg/kg) 
0-

9.88 . .. - 6.2E-06 °CVS, skin 2.6E+02 3.8E·02 
111 NA - kidney 6.7E+04 1.7E-03 

0.958 2.2E+03 4.4E-l0 GI 1.9E+03 5.0E-04 
0.366 3.0E+03 1.2E-l0 kidney 4.5E+02 8.1 E-04 
26.2 4.5E+02 5.8E-08 respiratory 2.5E+03 1.0E-02 
7.94 1.9E+03 4:2E-09 1.3E+04 6.1 E-04 
16.2 NA - 4.1E+04 4.0E-04 

31000 NA - 3.1E+05 1.0E-Ol 
16.9 NA - NA -
552 NA - neuroloqical 1.9E+04 2.9E-02 
15.5 NA - body weiqht 2.0E+04 7.8E-04 
0.29 NA - 5.1E+03 5.7E-05 

0.0758 NA - skin 5.1E+03 1.5E-05 
0.276 NA .- - 6.7E+Ol 4.1 E-03 
48.2 NA - 7.2E+03 6.7E-03 
53.7 NA - blood 3.1E+05 1.7E-D4 

Total Carcinogenic Risk 6.2E-06 Total HI ( 1.9E-Ol 

Total Blood HI = 1.7E-04 Total Gastrointestinal HI = 5.0E-04 
Total Cardiovascular HI = 3.8E-02 Total Respiratory HI = 1.0E-02 

Total Skin HI = 3.8E-02 
Total Kidney HI = 2.5E-03 

Total Neurological HI = 2.9E-02 
Total BodyWeight'HI ~ 7.8E-04 I 

Abbreviations: 
1 0- Region IX - PreliminarY Remediation Goals (pRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Infonmation System (IRIS). 

NA - Not available 
ND - Nond~tected 

3 - Chromium value based on assumption of 1 :6, Chromium VI : Chromium III ratio. PRG - Preliminary Remediation Goal 

Maximum 
Background 

Concentration 
(mg/kg) 

'6 
94.4 
0.69 
ND 

25.5 
9.2 
16.4 

o 27700 
11.7 
376 
13.1 
ND 

0.05 
0.27 
42.4 
35.3 

4 - Chromium value based on Chromium VI noncarcinogenic PRG. . 
5 - PRG is shaded if 95% UCL exceeds PRG. 

ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 0 

6 - PRG is shaded if 95% UCL exceeds 1/10th PRG. 
7 - Analyte name is shaded if 95% UCL is greater than the 

Region 9 carcinogenic PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation cancer slope factor. 

HI - Hazard Index 
CVS - Cardiovascular System 
Glo- Gastrointestinal 
EPC - Exposure Point Concentration 

• 



TABLE 4·5A 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SURFACE SOIL· EPC = 95% UCL 
LANDFARM 

NSWCCRANE 
CRANE, INDIANA 

Parameter(7) 

Target Organ His 

Total Blood HI = 2.6E-03 
Total Cardiovascular HI = 3.6E-01 

Total Skin HI = 3.7E-01 
Total Kidney HI = 1.3E-02 I 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
'2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Chromium value based on assumption of 1 :6, Chromium VI : Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG· is shaded if 95% UCL exceeds PRG. 
6 - PRG is shaded if 95% UCL exceeds 1/10th PRG. 

.7 - Analyte name is shaded if 95% UCL is greater than the 
Region 9 carcinogenic PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 

. 8 - Carcinogenic PRG values are based on the inhalation cancer slope factor. 

e e 

Total Gastrointestinal HI = 6.3E-03 
Total Respiratory HI = 9.8E-02 

Total Neurological HI = 2.3E-03 

Abbreviations: 
NA - Not available 
ND - Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index 

. CVS - Cardiovascular System· 
GI - Gastrointestinal 
EPC - Exposure Point Concentration 

,-
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TABLE 4·6A \ 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SURFACE SOIL· EPCz:: 95% UCL
LANDFARM 

NSWC CRANE 
CRANE, INDIANA 

Parameter(7) PRG· 
- Industrial(l,4,6) Estimated HQ 

Target Organ His 

Total Blood HI = 1.9E-04 
Total Cardiovascular HI = 3.0E-02 

Total Skin 1-11 = 3.1 E-02 
Total Kidney HI = 1.1E-03 

Footnotes: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables,October 1, 2002. 
2 - Primary Target Organs- Integrated Risk Information System (IRIS). 
3 - Chromium value based on assumption of 1 :6: Chromium VI: Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. -
5 - PRG is shaded if 95% UCL exceeds PRG. . 
6 - PRG is shaded if 95% UCL exceeds 1/1Oth PRG. 
7 - Analyte name is shaded if 95% UCL is greater than the 

Region 9 carcinogenic PRG and/or 1I10th the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation cancer slope factor. 

Total Gastrointestinal HI = - 5.0E-04 
Total Respiratory HI = -8.6E-03 

Total-Neurological HI = 1 .7E-04 

Abbreviations: 
NA - Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental Lifetime Carcinogenic Risk 
HQ- Hazard Quotient 
HI - Hazard Index 
CVS - Cardiovascular System 
GI - Gastrointestinal 
EPC - Exposure Point Concentration 

e-
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TABLE 4-7A 

SUMMARY OF RESIDENTIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SUBSURFACE SOIL - EPC = 95% UCL 
LANDFARM 

NSWC CRANE 
CRANE, INDIANA 

Parameter(7) 
95% UCL 

.PRG -
Estimated ILCR 

Primary Target 
Organs(2) 

Target Organ His 

Total Blood HI = 2.7E-03 
Total Cardiovascular HI = 4.7E-01 

Total Skin HI = 4.7E-01 
Total Kidney HI = 1.9E-02 I 

. Footnotes: 
1 - Region IX - Preliminary Remediation Goals (pRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 
3 - Chromium value based on assumption ·of 1 :6, Chromium VI : Chromium III ratio. 
4 - Chromium value based on Chromium VI noncarcinogenic PRG. 
5 - PRG is shaded if 95% UCL exceeds PRG. 
6 - PRG is shaded if 95% UCL exceeds 1/10th PRG. 
7 - Analyte name is shaded if 95% UCL is greater than the 

Region 9 carcinogenic PRG andlor 1/101h the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation Cancer slope factor. 

• 

Total Gastrointestinal HI = 7.7E-03 
Total Respiratory HI = 1.3E-01 

Total Neurological HI = 2.2E-01 
Total Body Weigbt HI = 9.OE-03 

Abbreviations: 
NA ~ Not available 
NO - Nondetected 
PRG - Preliminary Remediation Goal 
ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 
HI - Hazard Index 
CVS - Cardiovascular System 
GI - Gastrointestinal 
EPC - Exposure Point Concentration 

• 
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TABLE 4-8A 

SUMMARY OF INDUSTRIAL HUMAN HEALTH RISKS AND HAZARDS FOR PERIMETER SUBSURFACE SOIL - EPC = 95% UCL 
LANDFARM 

NSWC CRANE 
CRANE, INDIANA 

Estimated Non-Carcino enic Hazard Quotient HQ 

Parameter(7) PRG-
95% UCL Estimated ILCR 

Primary Target PRG-
Estimated HQ Industrial(l,3,5) Organs(2) Industrial(l,4,6) 

Surface· 

10.4 II 6.SE-06 2.6E+02 4.0Ei02 
BARIUM 102 NA 6.7E+04 1.SE-03. 
BERYLLlUM(8) 1.16 2.2E+03 S.3E-10 1.9E+03 6.1E-04 
CHROMIUM8) 27.9 4.SE+02 6.2E-08 ·2.SE+03 1.1E-02 
COBALT 10.2 1.9E+03 S.4E-09 1.3E+04 7.8E-04 
COPPER 17.9 NA 4.1E+04 4.4E-04 
IRON 34800 NA • 1:1E-Ol 
LEAD 27.7 NA NA· 
MANGANESE 1148. NA neurolo ical 1.9E+04 6.0E-02 
NICKEL 14.4 NA bod wei ht 2.0E+04 7.2E-04 
SELENIUM 0.27 NA S.1E+03 S.3E-OS 
SILVER 0.0883 NA skin S.1E+03 1.7E-OS 
THALLIUM 0.294 NA 6.7E+01 4.4E-03 
VANADIUM 46.7 NA 7.2E+03 6.SE-03 
ZINC 63.1 NA blood 3.1E+OS 2.0E-04 

Total Carcinogenic Risk 6.6E-06 Total HI .2.4E-01 

Target Organ His 

Total Blood HI = . 2.0E-04 Total Gastrointestinal HI = 6.1 E-04 
Total Cardiovascular HI = 4.0E-02 Total Respiratory HI = 1.1 E-02 

Total Skin HI = 4.0E-02 Total Neurological HI = 6.0E-02· 
Total Kidney HI = 1.SE-03 I Total Body Weight HI = 7.2E-04 

Footnotes: Abbreviations: 
1·- Region IX - Preliminary Remediation Goals (PRGs) Tables, October 1, 2002. 
2 - Primary Target Organs - Integrated Risk Information System (IRIS). 

NA - Not available 
ND - Nondetected 
PRG - Preliminary Remediation Goal 

aXlmum 
Background 

Concentration 

m k 

6 
94.4 
0.69 
2S.S 
9.2 
16.4 

27700 
11.7 
376 
13.1 
ND 

O.OS 
0.27 
42.4 
3S.3 

3 - Chromium value based on assumption of 1:6, Chromium VI: Chromium III ratio. 
4 - ChrolTlium value based on Chromium VI noncarcinogenic PRG. 
S - PRG is shade.d if 9S% UCL exceeds PRG. 

ILCR - Incremental Lifetime Carcinogenic Risk 
HQ - Hazard Quotient 

6, PRG is shaded if9S% UCL exceeds 1/10th PRG. 
7 - Analyte name is shaded if 9S% UCL is greater·than the 
. . Region 9 carCinogenic PRG and/or 1/10th the Region 9 noncarcinogenic PRG. 
8 - Carcinogenic PRG values are based on the inhalation cancer slope factor. 

HI - Hazard Index 
CVS - Cardioyascular System 
GI - Gastrointestinal 
EPC - Exposure Point Concentration 

• 
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5.0 ECOLOGICAL RISK SCREENING·EVALUATION 

This section presents the results of an ecological risk screening evaluatio'n (ERSE) of metals 

concentrations detected in the surface soil samples within the Landfarm (Le., the grid samples) and at the 

perimeter of (the Landfarm). This ERSE is limited to a ·comparison of maximum and arithmetic mean 

metals concentrations to ecological screening benchmarks typically used in ecological risk assessments 

. prepared for regulatory review within EPA Region 5. It does not include a detailed discussion of habitats 

and ecological receptors, and also does not include food chain modeling calculations. The objective of 

this assessment is to determine if metals concentrations at the Landfarm are significant enough to 

warrant further evaluation (Le., do chemicals of potential concern exist?). A brief site description and 

discussion of potential ecological receptors of concern and exposure pathways is presented in Sections. 

5.1 and 5.2, respectively .. The analytical results for the soils samples collected at the Landfarm were 

presented in Section 3. The corryparison of maximum and arithmetic mean metals concentrations to the 

aforementioned ecological screening benchmarks is presented in Section 5.3. Summary and conclusions 

are presented in Section 5.4 . 

5.1 SITE DESCRIPTION 

As described in more detail in Section 1 of the Phase II Ground Water RFI SWMU 30 (Landfarm) (TtNUS, 

2001), the Landfarm is located in the west central part of the· NSWC Crane and is approximately 

2.5 acres in area. The site is lightly vegetated and is' bound on the north and south by forested areas. 

Above ground, high-voltage power lines cross the site from east to west. . Topographically the site is 

. relatively fla:t. Ground surface elevations for the Landfarm range from about 703 feet above mean sea 

level (ftMSL) at location 30-7 to 718 ftMSL at location 30-3. A hill is located north~northeast of the :site 

which slopes gently toward the Landfarm. 

'5.2 POTENTIAL ECOLOGICAL RECEPTORS ANP EXPOSURE PATHWAYS 

Based on the description of the site found ilJ Section 1, ecological receptors could be directly exposed to 

chemicals in the surface soils at the Landfarm (Le., plants and soil invertebrates) or indirectly via the food 

chain (Le., through the ingestion of plants and invertebrates). The primary ecological receptors of 

concern are: 

• Soil invertebrates· 

• Soil vegetation 
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• Small invertebrate eating mammals and birds 

• Small herbivorous eating mammals or birds 

Large herbivorous mammals may visit and graze at the site; however, the Landfarm (2.5 acres) would 

comprise only a portion of the territory needed to maintain such animals or the larger omnivores or 

predatory animals and birds. 

5.3 ECOLOGICAL SCREENING 

The risk screening summarized in Tables 5-1 and 5-2 was performed by comparing maximum and 

arithmetic mean metals concentrations to the following ecological screening benchmarks for surface soil: 

• : EPA Region 5 Ecologica(Data Quality Levels (EDQLs) for Ecological Receptors-These levels were 

developed to protect soil invertebrates, plants, and terrestrial wildlife from exposure to chernical . 

concentrations in the soil (U.S. EPA, 1999). The lower of the screening values to protect each of the 

above endpoints was selected as' the EDQL. 

• Soil Remediation Target Values (SRTV)/Soil' Remediation Intervention Values (SRIV) - The 

Intervention Values and Target Values - Soil Quality Standards were developed by the Netherlands 

Ministry of Housing, Spatial Planning, and Environment, Department of Soil Protection and will be 

referred to as the Dutch Screening Values (MHSPE, 2000). The Dutch Screening Values for surface 

soil consist .of Target Values and Intervention Values. The Target Values are the soil quality levels 

that are ultimately desired (MHSPE, 2000). The values for heavy metals, arsenic, and fluoride were' 

derived from analysis of field data from relatively pollution-free rural areas. The Intervention Values 

indicate ~he "concentration levels of the contaminants in the soil above which the functionality of the 

soil for human, plant, or animal life is seriously impaired or threatened" (MHSPE, 2000). 

• Canadian Soil Quality Guidelines (CSQG) - The Canadian Soil Quality Guidelines were developed by 

the Canadian. Council of Ministers of the' Envi~onment (CCME, 1997). They are derived using 

toxicological data to determine the threshold level for key re~eptors (CCME, 1997). The values are 

calculated for four land uses: agricultural, residential/parkland. commercial, and industrial. Exposure 

from direct soil contact is used to derive guidelines for the' residential/parkland, commercial, and 

industrial land uses (CCME j 1997). However, the soil guidelines for the agricultural land use 

incorporates direct soil contact as well as soil and food ingestion (CCME, 1997). 
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No screening levels are available for iron from these sources. However, as summarized in Tables 5-1 

," and 5-2, several metals were detected in the grid or perimeter surface soil samples at concentrations 

exceeding the EPA Region 5 EDQLs and basewide background soil concentrations (Le., antimony, 

arsenic, beryllium, cadmium, chromium, copper, lead, mercury, silver, vanadium, and zinc). The EPA 

Region 5 EDQLsare the most conservative screening levels presented in these tables. An exceedance 

of an EPA Region 5 EDQL is not necessarily indicative of a potential for ecological risk at? site because: 

• EDQLs represent the lowest screening levels found in the literature for any receptor, are not always 

applicable to site. receptors and conditions, and 

• EDQLs are often less than base-specific background concentrations. 

The key is to determine the degree of the exceedance and compare the value to the potential ecological 

impact of the exceedance. 

The following paragraphs discuss each of the metals exceeding the EPA Region 5 EDQLs, the alternative 

screening levels (Le., SRTV, CSQG, and SRIV), and background concentrations . 

. " 

Antimony was detected in one of the 12 grid samples and in none of the perimeter samples. The 

detection (6 mg/kg) did exceed the EPA Region 5 EDQL (0.1423 mg/kg) and the SRTV (3 mg/kg); but, 

not the SRIV (15 mg/kg). The average concentration in the grid soil samples (1.84 mg/kg) is less than the · , ,. \ 

SRTV. Antimony is not recommended as a CO PC for further evaluation because of the low frequency of 
, 

detection. 

Arsenic (Cmax = 22.4 mglkg) was detected in 10 of 12 grid and 5 of 6 perimeter surface soil samples at 

concentrations exceeding the Region 5 EDQL (5.7 mg/kg). However, none of the reported results exceed 

the alternative screening criteria. Additionally, with the exception of the maximum detected concentration; 

all results are similar to or within 2 times the maximum background concentration. For these reasons, 

arsenic is not recommended as a COPC. The"maximum arsenic concentration is above the CSQG of 19. 

Beryllium was detected in all 12 grid samples and all 6 perimeter samples. However, only the maximum 

detected concentrations in the grid (1.5 mg/kg) and perimeter (1.1 mg/kg) samples marginally exceed the 

EPA Region 5 EDQL (1.06 mg/kg) while the arithmetic mean concentrations do not. Beryllium is not 

recommended as a COPCfor further evaluation because of the low frequency of concentrations that 

exceed the EPA Region 5 EDQL . 
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Cadmium was detected in five of 12 grid samples (Cmax = 1.6 mglkg) and 1 of 6 perimeter (Cmax = 

1 mg/kg) samples. The EDQL for this metal (0 . .00222 mg/kg) is less than all of the detections reported as 

· well as background concentrations reported in the scientific literature. Consequently, a COPC selection 

decision is difficult based on this benchmark alone. All positive cadmium results also marginally exceed 

the SRTV (0.8 mglkg); however, arithmetic mean concentration does not. None of the analytical results 

exceed the CSQG or the SRIV criteria. Cadmium is not recommended as a COPC for further evaluation 

because of the marginal exceedance of the more relevant alternative screening criteria and because, 

although it exceeds. base-specific background concentrations, the. detections repqrted are within the 

natural background concentration range reported in the literature. 

Chromium (Cmax = 39.3 mglkg), copper (Cmax = 38.7 mg/kg), lead (Cmax = 30] mglkg) and zinc 

(Cmax = 115 mglkg) were detected in all 18 surface soil samples (12 grid and 6 perimeter) at 

concentrations exceeding the EPA Region 5 EDQLs. However, as noted above, the EPA Region 5 

EDQLs for all of these metals are less than base-specific background concentrations. The CSQG for 

· chromium (0.4 mg/kg) is also less than base-specific background concentrations. Thus, a COPC selection 

is difficult based on these benchmarks alone. Chromium, copper, lead, and zinc were not detected at 

concentrations exceeding the SRTVs or the SRIVs. Chromium, lead, and zinc were not detected at • 

concentrations exceeding the CSQG, while the maximum copper detection only slightly exceeded the 

CSQC of 36 mg/kg. These metals are not recommended as COPCs for further evaluation because the 

maximum detected concentrations do not exceed the more relevant alternative screening criteria. 

Mercury (Cma~ = 0.41 mglkg) was detected in 7 of .12 grid surfaGe soil samples at concentrations 

exceeding the EPA Region 5 EDQL (0.073 mg/kg). Concentrations noted in the perimeter surface soil 

saml?les do not exceed the EDQL. However, the arithmetic mean concentration for the grid surface soil 

samples (0.114 mg/kg) .only marginally exceeds the EDQL and only one mercury detection exceeded the 

· SRTV. There were no exceedances of the CSQG or the SRIVs. Mercury is not recommended as a 

· COPC for further evaluation because the maximum detected concentration only exceeds one of the more 

relevant alternative screening criteria (i.e., the SRTV) and because all detections are less than or within 

two times the maximum background concentration. 

· Silver (Cma~ = 19.7mglkg) was detected in six of the12 grid surface soil samples and in two of the 6 

· perimeter samples at concentrations exc~edirig the Region 5 EDQL, (2 mg/kg). The arithmetic mean 

concentration in the grid surface soil samples (7.07 mg/kg) also exceeds the EDQL. SRTL and CSQG 

values are not available for silver. Two of the silver detections [grid cell locations 4 (19.4 mg/kg) and 

10 (19.7 mg/kg)] also exceed the SRIV(15 mg/kg). In contrast to most of the other metals detected In the 

grid surface soils, the mean silver concentration (7.07 mg/kg) is roughly two orders of magnitude greater 
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than the maximum silver concentration reported for base-wide background soil samples (0.05 mglkg): 

This may be explained, in part, by the results of studies reported in the literature documenting that some 

soils have a great capacity for retaining silver from waste streams (Hazardous Waste Land Treatment, 

Edited by Brown et ai, 1983, page 291). This sar:ne fact may limit the bioavailability of silver to ecological 

receptors as described below. 

,Although the silver concentrations are elevated in the soil samples: there are several articles/documents 

in the literature to indicate that silver in the soil is not expected to be bioavailable or toxic. ' In the Silver 

Hazards to Fish, Wildlife, and Invertebrates: A Synoptic Review (Eisler, 1996), it is reported that silver in 

soils is Ia:rgely immobilized by precipitation to insoluble salts and by complexation or adsorption by, 

organic matter, clays, and manganese oxides., It is also reported in Eisler (1996) that silver thiosulfate 

'from photoprocessing is immobile and should not restrict the use of sludge forthe enrichme'nt of soils. A 

few studies also have evaluated the toxicity of silver in soils. Tests done with lettuce, oats, turnips, and 

soybeans grown in sewage sludge spiked with photographic silver waste at concentrations up to 

155 mg/kg revealed no effect on emergence time and rate, however, there were some decreases in the 

weight of the plants (Hirsch, 1998). Also, in artificial soil spiked with silver, no effect to earthworms was 

observed at 62 mg/kg after 28 days, and no effects to earthworms were observed after theworms were 

exposed to soil containing 2,000 mg/kgfor 14 days (Ratte, 1999). Finally, one study reported low biota 

accumulation factors (BAFs) for silver in plants (BAFs of 0.007 to 0.023) (Hirsch, 1998) and the media, 

BAF for earthworms on a wet weight basis is 0.33 (Sample et aI., 1998). Based on the' above studies, it 

does not appear that silver in the soil Will be available and/or toxic to plants and invertebrates. Also, the 

low BAFs would for silver make it unlikely that silver will impact terrestrial receptors feeding on plants 

growing in the soil. Note that there is some uncertainty i~ these conclusions because the form, of the 

silver in the soil (i.e., silver thiosulfate, silver sulfide, etc.) is not known. 

,Vanadium (Cmax = 60.9 rnglkg) was detected in all 18 surface soil samples at concentrations exceeding 

the Region 5 EDQL (1.59 mg/kg). However, the EDQL is less than the maximum background 

concentration (32.2 mg/kg). Vanadium concentrations detected at five grid cell locations also exceed the 

SRTL (42 mg/kg); the arithmetic mean concentration does not exceed the SRTL. None of the reported 

results exceed the CSQG (130 mg/kg) or the SRIV (250 mg/kg). Vanadium is not recommended as a 

cope for further' evaluation because the arithmetic mean, concentration is less than all of the more 

relevant alternative screening criteria and because all detections are less than or within two times the . ' 

, maximum background concentration . 
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Silver is the only metal detected. in the Landfarm surface soils at concentrations that may cause a risk to 

ecological receptors. Concentrations reported for many sample locations exceed the 'maximum 

background concentration by an 'order of magnitude or more, while samples in two grid cells had silver 

concentrations greater than the soil remediation intervention value, which is indicative of serious 

contamination. However, based on a review of the literature, it is unlikely that t~e silver in the soil will be 

available and thus toxic to ecological receptors, although there is some uncertainty in this conclusion. 

Therefore, the elevated detections of silver in the soil do not warrant further evaluation. 

Finally, while several other metals were also detected at concentrations exceeding background and the 

EPA Region 5 EDQLs, there were few exceedances ·of alternative screening values referenced in this 

ecological risk screening evaluation. Also, in most cases the detected concentrations are within 2 or 3 

times the maximum base-wide background concentration. Therefore; risks from these other metals are 

. low and do no~ warrant further evaluation. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

As discussed in Section 3, data evaluation resulted in. eliminating aluminum, cyanide and the 

macronutrients from the risk screening process. Data sets to be used in the risk screening.process were 

created in accordance with statistical findings and then compared to Base-Wide Background sample sets 

as well as each other to further investigate chemicals that cquld show potential concern at SWMU 30. Six 

analytes were found not to be statistically greater than background in the surface soils (barium, cobalt, 

manganese, nickel, selenium,and thallium), and only mercury .was eliminated by the WRS test as not 

greater than background. in subsurface samples .. Antimony, arsenic, beryllium, cadmium, chromium, 

copper, iron, lead, mercury, silver, vanadium, and zinc were found ·to be statistically greater than 

. background in grid surface soils. Surface soil samples were found to be different comparing grid samples 

to the perimeter samples for six analytes (antimony, chromium, copper, mercury, silver, and zinc) showing 

that the grid samples were elevated in surface soils compared to the perimeter. No evidence was found 

for any differences between the grid and perimeter samples in subsurface soil. 

As part of the HHSE, antimony, arsenic, chromium, iron, manganese, and vanadium were the only metals 

detected in' soils at concentrations exceeding screening levels typically recommended by EPA Region 5 

for selection of COPCs for human health risk assessment. Cancer risk estimates developed for the 

hypothetical future resident and typical industrial worker do not exceed the risk management range 

(1 E-04 to 1 E-06) often used by EPA to determine the need for environmental remediation. or to set 

.' environmental standards and criteria. Non-cancer risk estimates indicate a marginal exceedance of the 

EPA non-carcinogenic' benchmark (a hazard index of 1) when the hypothetical future resident is 

evaluated. Non-cancer risk estimates do not exceed the benchmark when the typical industrial worker is 

evaluated. The non-cancer risk estimates were developed in a very conservative manner - assuming that 

a human receptor is exposed to the maximum detected concentration and very conservative toxicity 

benchmarks were used to evaluate iron and manganese. Consequently, the non-cancer risk results are 

likely to be over estimated. 

o From an' ecological perspective, silver is the only metal detected in the Landfarm surface soils at 

concentrations that may cause a risk to ecological receptors. Concentrations reported for many sample 

locations exceed the maximum background concentration by an order of magnitude or more, while 

samples in two grid cells had silver concentrations greater than the soil remediation intervention value, 

which is indicative of serious contamination. However, based on a review of the literature, it is unlikely 

that the silver in the soil will be available and thus toxic to ecological receptors, although there.is some 
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uncertainty in this conclusion .. Therefore, the elevated detections of silver in the soil do not warrant 

further evaluation. 

While several other metals were also detected at concentrations exceeding background and the EPA 

Region· 5 EDQLs, there were few exceedances of alternative screening values referenced in the 

ecological risk screening evaluation (Section 5). Also, in most cases the detected concentrations were 

within 2 or 3 times the maximum Base-Wide Background concentration. Therefore, risks from these other 

metals are low and do not warrant further evaluation. 

l Based upon the results of this soil investigation, the Navy believes that human health and ecological risks . 

. are within an acceptable range and do not warrant further investigation. The ground water data do not 

indicate that the soils have adversely impacted ground water quality (TtNUS, 2001) and there are no 

significant ground water quality problems in the vicinity of the site. Therefore, no remedial actions are 

warranted for ground water or soils at the site and a recommen(jation for No Further Action is requested 

by the Navy. This No Further Action request is for all media based on review of the operational history of 

the site, wastes that were disposed, the length of time they were disposed, and site data. 
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TITLEtJiJ..wC- cteANfJ 
S~A~3·" .(/"2.. .. 

PROJECT NO. iTarV 
BOOK -:2. 'r~ . 

@. 

) 

6G~ I JL~. rnt d ds I ~ N ~ rlr*'~ /.I3-ti] 
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DATE 
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[ It]Te,m Tech NUS, Inc. BORING LOG Page ~ 01._' _ : 

PROJECT NAME: . NSWC CRANE - Landfarm BORING NUMBER: . 30 S Bo I 
~OJECT NUMBER: . CTO 19 job # 7393 DATE: ---,3==--.--::Z=-.--::o""'·"..--L-----'----

: . ~~ILLING COMPANY: Environmental Field Services GEOLOGIST: K. Simpson & T. Rojahn 
. ',. RILLING RIG: GeoProbe 54 LT .DRILLER: Tony Strati 

MATERIAL DESCRIPTION 
IS"",pI, Depth Blows I Sample Uthology 

~iOO 
: 

:~!@I'jr . No. (A.) 6· or Recovery I Change 
8Ild or . ROO Semple (Depth JR.) 

'Type at Run {%} Length' or 

.: ,1111:l=@!'l: ROO No. Scr"eefled 

i:illii~Wm:: Interval f. 
'llml:~ !~~~j~ 

. swry ClI\' ij ~y .' .. 

V ~Of-r B&I. 1 

V \ 
2 ~ 

V N\~2~ 
c;, /(I\'f I\\V I ,\) .f'[,. 

3 
RU (O\O~ ~ NoP. 

'")"rl 

V ~ J,' 
\~ \~ \lI , 4 -5nrY \.JI 

V 5 

6 V 
7 V 
8 V V 
V . 

9 

10 V IV 
V 
V 1 

TD= t\-
V I 

V 
V . 

V 
• When rock coring. enter rock brokeness. 

~::e monitor reading in 6 foot intelVaIs @ borehole. Increase reading freque'hCY' elevated reponse read . 

.,.""rks:· ~O'1l-l{)Av< 5 A-t\1 fJ( f . 

U 
S 
c 
S . 

CL 

I \.~ 

PIDIFID Reoding' (ppm 

~jj !~~~ <i. 

Remarks 

",,'j~i 
NO\~'" • o 0 .0 () 

T1titoo~ I 

\~ ~ \.. I~v It 

Drilling Area.---:::::----'-o 
Background (ppm): I 0 I 

.Converted to Well: Yes No X ----'--
Well 1.0. #: .:...N.::...A-=---___ --,-____ _ 



SOIL SAMPLE LOG SHEET' 

, . Project Site Name: NSWC Crane,lN - Landfarm 

Project No.: CTO 19 job # 7393 SWMU 30 

'~urface Soil 
o Subsurface Soil ' 
o Sediment 
o qther: 
o QA Sample Type: 

Page I of3 

Sample 10 No.: 30 sb 0 I 000 I 
Sample Location: .,;;3.:..0-=.S;;;,.8 ---=.O-'lL-__ _ 
Sampled By: K. Simpson & 1:. Rojahn 

C.O.C. No.: 

T ypeof Sample: 
[X] Low Concentration 
o High Concentration 

QRAr:t~M;~i;,'f.lPA'r~ttt~~\UU!HU~~~!~!~!~!~))UYH)!~)Yj(tj~j~U}~j~~)f::~?)j~r{j(t(U~j~j~??j<H~\~:?j:j::U\~j~))eU~ 

Date: '3 ·_7, 01- Depth 

Time: o - 0 .. s-: 
, Method:' D P ,. 

Monitor Reading (ppm): 

Anafysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb 
Cr+6 and Cyanide, pH ' 

, Sludge noted at this location (YIN): ~ , 

Color Description (Sand, Silt, Clay, Moisture, etc.) 

NII\~T-r7< vtOOTS 
5~\.ty C~A7 

,Container Requirements Collected 

(1) 8 oz: Glass 

See Figure 

Other' 

Laucks 

• 

/ ' 

• 



• 

• 

.' Project Site Name: 

. Project No.: 

)( Surface Soil 
o Subsurface Soil 
o Sediment 
o Other: 
o QASample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Lal}dfann 

CTO 19 job #7393 SWMU 30 

Page lot 3· 

Sample ID No.: 30 ~ 0 I 0002.. 
Sample Location: 30 SB 0' ---=--'-----
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 

. U High Concentration 

~~Al:!:~~~t:'l;pA:rAj<}(~~~~~t~~~~~)~r~~(~1~m~1~1t<utj<~1n~jH~}rrt~??~/H>}»)@~<H\{?(f<~~\>?/H~~~1~//1(~1 

Dale: ~ • 7, 0).. Depth Color Description (Sand, Silt, Clay, Moisture, etc.) 

TIme: r~ 33 0., 5'-~M O\<;.~ 5 \ vry Clf\j 
Method: I) p-/ e:,VZ N 1R.f\ Y (\{OTTU lXtj<iT1t1f.:nN, 

, r@ I .. 8 ( 
MonilorReading (ppm):· n ~ 

Analysis Container Requirements Collected Other 

Metals: AI, Ca, Fe, Mg, Mn, K, Nil, As, 8a; 8e, Cd, (1) 8 oz. Glass Laucks 

Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg; Sb I-----'-------+----,----i-----f 
Cr+6 and Cyanide, pH . 

Sludge noled at this location (YIN): N 
See Figure 



. Project Site Name: 
. Project No.: 

o Surface Soii 
~ubsurface Soil 
o Sediment' 

. 0 Other: 
. 0 QA Sample Type: 

SOIL SAMPLE LOG SHEET 

Nswe Crane, IN - Landtann 

eTO 19 job # 7393 SWMU 30 

Page?> Of~ 
Sample 10 No.: 30 SBO I 0201-
Sample Location: _30-,--S.:...B_O~I ___ ~ 
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
o High Concentration 

~M~~~~M~J;,'l;iP-A1~Ht)~~~{?~)~~(n~?~\Y)~~}~~~i~~~~~~~~~~~~(({<t(~~(~~«t~\Ui~~<Y(~~~fJYHiU~~(i~i~~U))~iU>i~1/t~)~~~ 

'. 'Date: ~ • 7· 02 
TIme: 133 <" 
Method: () r-r-
Monitor Reading (ppm):' D 

Analysis 

Depth' 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni,Se, Ag, TI, V, Zn,Hg, Sb 
Cr+6 and Cyanide,. pH 

Sludge noted at this location (YIN): N 

Color Description (Sand; Silt, Clay, Moisture, etc.) 

M()\S~ S(lTY ClA.f 
t:j ftfty Mo-r,U((5 " 

A. u<., CO \. oVl l'lo 0 Ll '-~ S 

Container Requirements Collected Other 

(1) 8 oz. Glass Laucks 

See Figure 

g!r,~!e.;~MP'P'!i§.~~e.~n)n~~~~~~j~j(~~~~~~~j(>~?~«~~~:j:n:u>~~~~~~~~~~~~~<~)j<t~n/j Signature(s): . 

·1t:;;{ ~ MSIMSD Duplicate 10 No.: 

• 

• 

• 



( I,L)Telra Tech NUS, Inc BORING lOG Page --L of L . 
PROJECT NAME: NSWC CRANE -: Landf;um BORING NUMBER: 30 S g 0 J...:. 

•

. ROJECT NUMBER: CT019 job # 7393 DATE: ----:3:::·· --'·"':!7=--·,T:O .... L------
RILLING COMPANY: Environmental Field Services. GEOLOGIST: K. Simpson & T. Rojahn 

., ... ,. DRILLING RIG' GeoProbe 54 LT' DRILLER Tony Strati 

Sample Depth Blows I Sample Ulhology 
No. (R.) 6· or Recovery I Clumge 

· .. nd or RaO Sample (Depth /Ft.) 

TYpe'" Run (%) Length Of' 

RaO' No. Screened 

Inlerv'" 

ft; 

V 1 

2 V 
3 ·V 

YJJ 4 V ~ 
V 5 

6 V 
7 V 
8 V / 
9 V 
10 V / 
,V 
V 
V 
V 
V 
'V 

• When rock coring, enter rock brcikeness . 

fv1.A!~ DE~( ;t·m"' nON 

I~·. , ,llilil111111111 ~ 

1~1~~lllll~I~I~lll 

\1 

TD = if- I 

•

.. Indude monitor reading in 6 fo'ot intervals@borehole.lna-easereadingfreqUenCYifeievatedreponsere.ad. 

marks: BcP f.l ()AJl.t lO cJ\---rro t{ . 

Remarks 

.. 

'It I ~, 

Drilling Area .--=--, 
Background (ppm>.: I 6 I 

. Converted to Well: Yes No X 
-'----

WeIlI.D. #:..:.N.::..A-=--_________ _ 



. SOIL SAMPLE LOG SHEET 

Project Site Name: 
Project No.: .' 

~ Surface' Soil 
U Subsurface Soil 
[] Sediment 
[] Othe~: 
[] QA Sample Type: 

NSWC Crane, IN'- landfarm 

eTO 19 job .f 7393 SWMU 30 

Page~of2 

Sample 10 No.: 30~""Oj. 000/ 
Sample Location: ....:3....:.0-"S..::.8--=.0_'L ____ _ 

Sampled By: K Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
[] High Concentration 

QM!1f~~~kl;PA~~~j:1~1~~~@jU~1~j~!H~!nj~ttrj~)rr!~\!~!~!~!~j~{/j«t~r/!~~~j~/rf)<~:j~nj~jt~jy~jt~~~/)!H\H\>~j~j?jUUj(~j 

Data: "6 -7- O·J..- Depth Color Description (Sand, siit, ClaY,Moisture, etc.) 

TIme: u8tS 
~-=-----D-r:::---r---1::::----I . 0 - 0" c:;-
Method: I 

Monitor Reading (ppm): 0 

A.nalysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb 
Cr+6 and Cyanide, pH . 

Sludge noted at this location (YIN): N 

/ 

. Container Requirements 

(1) 8 oz. Glass 

See Rgure 

g!r,~!iHf~p.p.@~~kYU~Y\UH~~~\~~?Y(>?\<:Sy/?/?/?tx::n/>\Y Signature(s): 

Collected 

~ DUP~~O:: ig 5: ~ 

Other 

laucks' 

• 

• 



SOIL SAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

£ Surface Soil 
[] Subsurface Soil 
[] Sediment 
[] Other: 
[] QA Sample Type: 

NSWC Crane, IN - Landlarm 

. CTO 19 job # 7393 SWMU 30 

Page :1.0t'3 

Sample 10 No.: 30 sS; 01.,- coo'2-
Sample Location: 30 SB 0"1: --------'-
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sampie: 
[X] Low Concentration 
[] High Concentration 

gM~~~AM~~1;PAl.~~~~~~//~~)~~~~)\fW(~~~~U»~~~YH(~~~~)~{~~~~~~~~~~~~~)~<~~«t~~~/~~j?n)jnf~~/j(~j(\/r?)?j<~jn(?~ 

Date: ~ • 7- 0 1-
Time: 084-7 
Method: D p-r-
Monitor Reading (ppm): 0 

Depth. Color Description (Sand, Silt, Clay, Moisture, etc.) 

~ f\. -ry .~~ C.lA f 
(\\0 I '.,. ~ 

Analysis. . Container Requirements . Collected Other 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Sa, Se, Cd, 
Cr-total, Co, Cu, Pb, Ni, .8e, Ag, n, V, Zn, Hg, 8b 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) :-.-:1'l __ 

MSIMSD Duplicate 10 No.: --

(1) 8 oz. Glass ·laucks 

See Rgure 

Signature(s): 

~/q)~~; 
.~~----~~~--~~ 

/ 



SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - landfarm ProjeCt Site Name: 
Project No~: . CTO 19 job # 7393 SWMU 30 

o Surface Soil 
R Subsurface Soil 
o Sediment 
o Other:. 
OQA Sample Type: 

Page"3 of :5 
Sample ID No.: '30 sa 0"'2.. 0 'l01= '. 
Sample Location: 30 SB 0"1-

~-"..::....-=-=-----
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
{[Xl' Low Concentration 
o 'High Concentration 

~M~~~~M~~PM*i?(UH~~U~~:~~~:~{~~~)nf~~~(Y~/~Y<~~~nH(j~~}H(~j~1\~j~)/~~j~i%~}{EjYEi<fU)\(~~~)~(E~(E~U~(jEi(>~} 

Date: '"3 -7- OL Depth I 

Time:. o 8£;;0 
Method: '1) P, 

,Color 

B(tN 

Description (Sand, Silt, Clay, Moisture, etc.) 

S I \. TV Cll\f.~ "'0 \~-r:>/ 
'jt\.f\y NoTTt\Nlj 

MonitorRea~fjng(ppm): 0 Ir't RV<:.TColOlil fiOOU(E-S ' 

Analysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at th:s location (YIN): \'\ 

Container Re.quirements 

(1) 8 oz. Glass 

See Figure 

Collected Other 

laucks 

• 

• 

• 



( Il)Tetra Tech NUS, Inc BORING LOG PageLof~ 

PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER: 305 & 0::' 
PROJECT NUMBER: CTO 19 job it 7393 DATE: -3:::i;· :=-·:::::;l;-·"D~,,)::;--------

.~LUNG COMPANY: Environmental Field Services . GEOLOGIST: K Sim~son & T. Roiahn 

ILUNG RIG: GeoProbe 54L T DRILLER: Tony Strati'. 
, . , 

MATERIAL Dt:;:;t;HIt' (JON PIOIFID Reading (ppm: 

iS8lTIple Depth Blows I Sample Uthology am 
iii! ,,:, .••. 

u </ <,:: I,i,> II~~I No. (A.) 6· or Recovery I Ch<lnge S 

III: 

t>nd or ROD Sample (Depth 1Ft.) 

Ijllil.~) [Type", Run (%) Length or ' C 
Remarks S 

,~ 
ROD No, Screened ,,: 

Interval ~ 

Ili@II@I~lllilillll Hf~ 
I~j I~@, 

..4fl tl1H [,' 
" " 

/ U M€S71JNC; #,,.€-l MOIS'i, 7l~ (} '50~WtJ c:.L 0 0 0 
1 Clfl.Y/ S'( l-r 

/ J V , 
2 --
,3 / c::~~ $"OM€~(l-r 

, 6-P. fYlU r 1 II N. ~ 

/ IY{ c; () t\{ G- nl.{~7 
, 

~ 4 
'\1 ~V NO'D(,{\f-S ~1I 

' \V 

/ 5 

6 / 
7 / 
8 / V 
9 V 

10 V ,V 
V 
V' I 

TD= 1-' 

V 
V 
/ 
/ 

• When rock coring, enter rock brokeness. 

•• In dude monitor readiog in 6 foot intervals @ borehole. I crease readiog frequency if elevated reponse read. .markS &JC(~1JtV1 '-0 I. t;,ft51 S(Of 
Drilling Area r----:--, 

Background (ppm): I 0 I 

Converted to Well: Yes No X Well 1.0. #: ..:..N.::..A~ ____ --,-,-_-,-~_ 

r-," 

.I 
I , 

I 
I 
I , 

l_' 



SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC Crane, IN - Landfarm 

Project No.: CTO 19 job It 7393 SWMU 30 

~Surface Soil . 
o Subsurface Soil 
o Sediment . 
o Other: 
o QA Sample Type: 

Page_l_ Of-'b 
Sample 10 No:: 30~ 0:> O(){)/ 
Sample Location: _3O_S_B--=0:....:3=-__ _ 
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
[] High Concentration 

QM!:f~~~~l;pA1A;<~~~~~>Y\~~H~i<~i~~~))i'i>Hj(~i<~i()/(~i(i~~~/i)~j«(}(/((~j(~~~)\Y~i//~j~~~~:~~~nni~i~)@Yl~i~i)f~~~~ 

Date:. ~ - b' 02.- Depth 'Color DescriptionJSand, Silt, Clay, Moisture, etc.) 

Time: ~ 1'340 Sf( N , (\<01 S. -r;-TIt ·ft Q® 
Method: D'P'- 0- 0'_5" ~Rw LtMESnl'<f- ~f{~~ \.. 
Monitor Reading (ppm): 0 .T1i CJ...I\ ,/'; ~l c-r-- ' 

Analysis 
./ 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Sa, Se, Cd, 
Cr-total, Co, Cu~ Pb, Ni, Se, Ag, TI, V, In, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at thiS location (YIN) :_N=---_ 

Container Requirements Collected Other 

(1) 8 oz, Glass laucks 

,See Figure 

• 

• 

• 



• 

• 

. SOIL SAMPLE LOG SHEET 

Project Site Name: 
. Project No.:-

U Surface Soil 
%.-Subsurface Soil 
U Sediment 
U Other: 
U QASample Type: 

NSWC Crane, IN - Landfann 

CTO:.19 job # 7393 SWMU 30 

Page 2.of3 

Sample 10 No.: 30 $ 03' 000 :L 
Sample Location: ...:.3~0..::..SB=-=.c=3::........,--__ _ 

Sampled By: . K. .Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
U High Concentration 

$f:iM~~~M~li:=t;pArM~~E~\EY~;~EH~;>~E~~~:>H>@~}?\)~)~>~Et~~~~\\Er~:J~Y~~Er\Yf~E}E1E/))~E))E~E1~~~~<~~t?)~?~«~Y>YE~~ 

Date: '3 - Co, oJ-- Depth Color Description (San'd, Silt, Clay, Moisture, etc.) 

TIme: I ' 

FM~eth.:..:..:od~: --=.D.!..-p-l..-...:..... _. --f 0 d 5" - ').. 
Monitor Reading (ppm): . () 

Analysis " . Container Requirements . Collected Other 

. Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, (1) 8 oz. Glass Laucks 

Cr-iotal, Co, Cu, Pb, Ni, Se, Ag, TI, V, In, Hg;' Sb 1--:------'----'------+-----'----\------1 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) :R See Figure 



. Project Site Name: 
. Project No.: 

o . Surface Soil 
~ubsurface Soil 
o Sediment 
o Other: ... 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET' 

NSWC Crane, IN - landfarm 

CTO 19 job # 7393 SWMU 30 

Page3.of ~ 

Sample 10 No.: 30 ss-o-3· 0.2..01- .. 
Sample Location: _3_0....:..SB--"'O'-'~=::.~· ___ _ 

Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
o High Concentration 

~i:iA!i!J~~M~!i,~PMAi<}Y~;~~~;~;<~;~;~::;t~)~~~~;?~));«(~~i~>~/;\i);~;~/{X;i;~;~);\Yi;~;<H(~~i;:;~n>n;:~i);~;«~>@;~;~;~n/Y~~; 

Date: b . b .' 0 l Depth . Color Description (Sand, Silt, Clay, Moisture, etc.) . 

TIme: \ 3s-u . I C It\ Y 50M €- S'I \1 
Method: D ~ 2- 1- M-t'I- . Crflft.Y MOTTLl NJ 
MoniiorReading(ppm): 0 so M0 Ru~T NOO('{\.'E-S· 

Analysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Sa, Se, Cd, 
Cr-total, Co, CU,Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) : N 0 

Container Requirements 

(1) 8 oz. Glass 

See Figure 

Collected Other 

Laucks 

e 

e 

e· 



[ I LJTetr~ Tech NUS, Inc. BORING LOG Page --L of _,_ . 

PROJECT NAME: NSWC. CRANE - Landfarm BORING NUMBER: 30 5 g 0 + 
•

OJECTNUMBER: CTO 19 job #.7393 DATE: --":;'3)'=. (;-r--=''-:(}-:O;L-.,-------

ILUNG COMPANY: Environmental Field Services GEOLOGIST: K. Simpson &T. Rojahn 
.. 

DRILLING RIG:. .' GeoProbe 54 L T DRILLER: 

MATERIAL DESCRIPTION 
I SamplE Depth Blowsf Sample Uthology 

:·I·WIIW~~ll· 
:::. 

No. (A·I 6· or Recovetyf . Change 
. . 

and or ROD Sam·ple . (OepthlR.) 
Iryp;, 01 Run (%) Length' or 

1~1im~ ROD No .. Screened 

Interval 
} 

.If!lml[Ill]@I~ :W :~m ;;0 ::: 

V sop-l IB~ i;'flT'f aA'f '. 

1 .. 
I V ~ MeO 2 

V STCPP 5ci ~ E- G-tlf\'/ 
3 tot o-rr\.\.j'(1 

3<; V ~ III 1\ V \11 ~ 'It 4 

V 5 

6 V 
• 7 V 

.8 V V 
9 l7 

10 V V 
V 
V . I 

, TD= +-
V 
V 
V 
V 

• When rock coring. enter rock brokeness. 

_elUde·monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

~arks: . . . f,()L( N Dfs((j cocA-no IV 

U 
S 
C 
S . 

~ 
, , 

I~ 

T~Stl"ati 

P1DIFIO Reading (ppm 

Remarks 

.::: 
I::<~ 

(\'\O,~-( . 
0 0 d 10 . ttQ0T5 .Il't 

Iv l{j ~ It V 

Drilling Area .---:0--' 

Background (ppm): I 0 I 

Converted to Well: No X ---- Well 1.0. #:·.:..N..:.:.A~ ________ _ Yes 

I,· 

'.-".'" 

..j 

! 
i 
\ 

\ 

\ 



Project Site Name: 
Project No.: 

~Su'rface Soil 
o Subsurface Soil 
o Sediment 
o Other: 
U QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Landfarm 

CTC 19 job It 7393 SWMU 30 

Page 1 015 

Sample 10 No.: 3OSj' 01: coot 
Sample Location: ..::30.=...;;.S.::..B--=-O_i4-'-_~ 
Sampled By: K Simpson & T. Rojah" , 

C;O.C. No.: 

. Type of Sample: 
(X] Low Concentration 
o High Concentration . 

gMi1!~~M1~!:,t;PA1M~/)Y1~1U~)1~1~~~~~ffHHHH«<~~~i~i~)?<i~1~~~~)~y~~)t)~)1<)~~()H(>J~f~j:j~;~j~)U~j~)jn)j~)i~j~t~\=/ 

Date: '3. b .0"2..· . I 
Depth ' 

TIme: 

Method: . D p,-
Monitor Reading (ppm): D 

Analysis 

Metals: AI, Ca, Fe, Mg, Mo, K, Na, As, 8a, 8e, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb 
Cr+6 and Cyanide, pH 

SI~dg~ noted at this location (YIN) :~ 

Color Description (Sand, Silt, Clay, Moisture, etc.) 

SRM. 

Container Requirements ,Collected 

(1) 8 oz. Glass Laucks 

See Figure 

qif:~!e.:~~!iAAb.l.e.k<:1:>\<~~X~j<:)?j~1»~(YY:~:::H>\~~~:~~<~~j:):~:)~~~Hj Signature(s): 

MSIMSD Duplicate 10 No.: 

I(~U 

• 

• 

• 



• 

• 

.' Project Site, Name: 
, Project No.: 

'jKSlirface Soil' 
o Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Landlann 

, CTO 19 job if 7393 SWMU 30 

Page ~f :s 
Sample 10 No.: 30 sf 0 q- OVO'L. 
Sample Location: ..;;.3-,-0..;;..SB~O~4::...l.-_' __ _ 

Sampled By: K. Simpson &T. Rojahn 

C.O.C. No.:, 

, Type of Sample: 
[X] low Concentration 
o High Concentration 

gRA~~~AM~l;jE;P-A1~?H>~~~Y»~~{)\~H(Wf~~/!6H«Y:t~~~:H~:~~~~~~tY~Y~]~(/\U»)){~/~1~!~~~{~<~t/tj6~~~+~~tj/~~( 

Date: :S. b- OL-. Depth 

TIme:' 

Method: ,() 'p-r-, 
Monitor Reading (ppm): ,D 

Analysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, A~, Ba, Be, Cd, 
, Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg,Sb 

Cr+6 and Cyanide, pH 

SI~dge noted at this location (YIN) :~ , 

Color Description (Sand, Silt, Clay, Moisture,etc.) 

MOIC;,-, 
S t \..T'{ ,C\:I\Y, 

Container Requirements Collec~d Other 

(1) 8 oz. Glass Laucks 

, See Figure 



Project Site. Name: 
Project No.: 

o Surface Soil 
iKSubsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Landfarril 

CTO 19 job # 7393 SWMU 30 

Page~(jf 3 
Sample 10 No.: 30 SB 04- olOt-
Sample Location: ~30.:....=.;SB=---:O=--1ZfL--· __ _ 

Sampled By: K. Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sampie: 
[X] Low Conc~ntration 
o High Concentration 

~R~i:!~$AM~!i;l;:iPAr~?~)H~:~:Y~:<~:~:rt~~t(~r/H)HU>~~~~:)Y~~~~/~/~~~)~/~~Y:~:j/~j~jYt~jh~~~HHX}YHLYU~Yj~j~~~~~~~rj~)~):j 

Date: 3· b· 02- Depth . Color DesCription (Sand, Silt, Clay, Moisture, etc.) 

Time: I ~ S b 
Methqd: 1) f-'--

~ILTy C'--f\j, MO\ \ 1 
S"O M 6-' ~fti Morrl \ N" 

Monitor Reading (ppm): 0 

Analysis Container Requirements , Collected Other 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Sa, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb 
Cr+6 and Cyanide, pH 

(1) 8 oz. Glass laucks 

Sludge noted at this location (YIN) :~ 

4 . eO SO; .~ O~ CO\.\.ECrE{) 

A. T" 0 (Zf( nf< S .1\;\1\ 

See Figure 

• 

• 



( I t]Tel,a Tech NUS, I"e BORING LOG Page -.l of _,_ 

PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER: ..;:3-,,-O-;:S~&,-::O::,,-£.L.....-:::--____ _ 

_ 
PROJECT NUMBER:CTO 19 job # 7393 DATE: 3 - 7· 02 

. RILLING COMPANY: Environmental Field Services GEOLOGIST: K. Simpson_& T Rojahn 

. ... . DRILLING RIG- . GeoProbe 54 LT DRILLER: Tony Strati 

MATERIAL DESCRIPTION I Reeding (ppm 

S""'pl. Depth Blows! Sample 
No_ (R) 6" or Recovery I 
and' or RaO Sample 

Remarks Type 01 Run (%) Length 

. RQO No_ s 

Clf\; 

I------l---+-----------I--+--------t-+-+--+-''-Ii 

9/ 
'10/V v 

/ . . ITO = Lf I 

v 
/ 
/ 
/ 

• When rock coring. enter rock brokeness_ 

. .. .!ndude monitor reading in 6 foot intervals @ borehote_ Increase reading frequency if elevated reponse read_ 

.~rks:·. . t;p<AK~ Y Sfn't,t{J {~ . 
Drilling Area r--=-<-r 

Background (ppm): I .. 0 I 

Converted to Well: Yes No X 
~---

Well tD_ #: -'-N-'-A_~ _______ _ 

.... -- .•.. 



SOIL SAMPLE LOG SHEET 

Project Site Name: NSWC Crane, IN - Landfarm 

Project No.: ~TO 19 job # 7393 SWMU 30 

lfsurface Soil 
o . Subsurface Soil 
o Sediment 
o Other: 
o QASampieType: 

Page-Lof 3 
Sample 10 No.: 30 ~S·s. 0 S-- OOD l 
Sample Location: ..:;3.:...0..:;S.=:.B...;O:::..-=<=--___ _ 

Sampled By: K. Simpson & T. Rojahn 

C,O.C. No.: 

Type of Sample: 
[Xl Low Concentration 
o High Concentration 

gM!:!~~~M~!:iE.J~A1Ai~j~~~j~j~j>~U~~~~Uj~j~~~~j~>/(/(j~U~~j~~~j<~/()~~~j~>jy>~j>:j~~~/~~~?U)U\H~>~~~~j~~UtH>~\j~~~~~>~~HfH~>~~~~~~:~:Yfj 

Date: "3' 7 -0 '"2- Depth.' Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: } 4-~O ~ () IS -r -nt. t2 0 (J 1'5 
Method:D r-'- 0 -0. ~ &rUi C;r lTy Cl¥ 
Monitor Reading (ppm): ·0 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se,Ag, TI, V, Zn, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) :L 

Container Requirements Collected 

(1) 8 oz. Glass 

See Figure 

B(J.1~OA(ty LOC-A-noN 

/ 

Other 

Laucks 

• 

• 

• 



• 

• 

. SOIL SAMPLE LOG SHEET 

Page ~()f~ 

Project Site Name: NSWC Crane, IN - landfarm 

Project No.: CTO 19 job # 7393 SWMU 30 

~SUrface Soil 
o Subsurface Soil 
o Sediment· 
o Other:· 
OQA Sample Type: 

Sample 10 No.: 3OS~ be;;' ·0002. 
Sample Location: 30 S8 oS-. 
Sampled By: -K-. S-i..:..m-pso..:.......:n'-&-T-. :-R-oj-ah-n-

C.O.C. No.: 

. Type of Sample: 
[X] Low Concentration 
o High Concentration 

gR~~~~~~~'I;~M~;~~t/~~~~ty~~~»)~)~~~~)/~~~(~~~~~~~}~~~~(~~~~~~(?~/~?~~~~}f~t~~~~?~~~f~(~~Y~:~~t/f<~~(~~~~//~~~ifff)~Ui~i~ 

Date: '3 ~ 7· crL Depth Color ·OeScription (Sand, Silt, Clay, Moisture, etc.) 

TIme: i4-l.L 

Method: 

Monitor Reading (ppm): o· 
Analysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Sa, Be, Cd, 
CHotal, Co, Cu, Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb 
Cr.f.6 and Cyanide, pH 

Sludge noted at this location (YIN) :--ti-

Container Requirements Collected 

(1) 8 oz. Glass 

See Figure 

qir,~i!iHf.:~p.p.!~a.b.J.e.~n>ni((\~j:~:~:iii~~~~:ii{:~ijii~nYtm:>~~~:~nti>?t)~}n~t: SI9nature(SS):/ . 

MSIMSO Duplicate 10 No.: . . i ..... · Z· d-
---- . ..: ---7 - . .-- /~ . . 

. . , 

Other 

laucks 



SOILSAMPLE LOG SHEET 

Project Site Name: 
Project No.: 

U Surface Soil 
1f.,.Subsurface Soil 

'0 Sediment 
U Other: 
0, QA Sample Type: 

NS,WC Crane, IN - Landfarm 

CTc 19 job # 7393 SWMU 30 

Page~of 3 

Sample 10 No.: 30 sa (; S- 020,\-
Sample Location: _30~S.=..B--=:O_S=::L-__ _ 
Sampled By: K Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
U High Concentration' 

$~Aj;t~M1~!i.:~:t¥Ar~i~\?LHY)~~~)1~~i1in?>H»)~/~>1i1<:1~~~~~~~~<~~:1~1~1:1H?~<i\%1~1<~nY1<~1~1~YHH>1~1~~~1%\{~i~1n~1i{~(~1%n< 

Date: 3 -7~OL Depth Color. ~ription (Sand, Silt, Clay, Moisture, etc.) 

Time: 

MethOd: OfT 
Monitor Reading (ppm): ' 0 

Analysis Container, Requirements Collected' Other 

Metals: AI, Ca; Fe, Mg, Mn, K, Na, 'As, Sa, Se, Cd, (1) 8 oz. Glass Laucks 

Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb I------------i-------t-----I 
Cr+6 and Cyanide, pH 

" ~Iudge noted at this location (yiN): cl See Figure 

I " 

• 

• 



. ( I L]Tetra TeCh NUS, Inc BORING lOG PageiofL 

PROJECT NAME: NSWC CRANE - Lcindfaim BORING NUMBER: 30 SB 0 b 

•

ROJECT NUMBER: CTO W job # 7393 DATE: ~-='3~'-:7;;:;-' o~Lr------
RILLING COMPANY: Environm~ntal Field Services GEOLOGIST: K. Simpson & T. Rojahn 

." ,D~ILLING RIG', , GeoProbe 54 LT DRILLER' Tony Strati 

Sampl, Depth Blows I Sample 

,No. (Ft.) 6" or Recovery I 
and 

TyPe Of 

ROD 

or ROD 
Run "(%) 

No. 

Sample 

i.ength 

10/V 
v 
v 
v 
/ 
/ 
/ 

• When rock coring. enter rock brokeness. 

i 
1 

~-----+--~-------------------;--+------------+~r-r-+-~' 

I 

TD=4"" 

~ 
•• Indude monitor reading in 6 foot intervals ,@borehole. Increase, rea~ng frequen.<;r if eievated reponse read. 

rks:' ,f304l'lOl\-1'Y S'ItMf'(-f-
, . 

Drilling Area ~ __ -. 
Background (ppm): I (!) 

Converted to Well: Yes No X -'-'----
WeIlI.D. #:..:..N~A~ ____ ~ __________ _ 



Project Site Name: 
Project No.: 

Jfs~rfaceSoil 
U Subsurface Soil 
U Sediment 
U Other: 
U QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Landfarm 

eTO 19 job # 7393 SWMU 30 

PageLof3 

Sample 10 No.: 30 S~ 0 (;. 000 { 
Sample Location: _3_0_SB---=O'--""bO--__ _ 

Sampled By: K Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sample: 
[X] Low Concentration . 
U High Concentration 

$ffl~!;!~~~~Ii,~pArAH1>~1~1~Y~~1~1~1t:~~n)t1~1/rr~YU1H~1~1(/~~~/X~~1(~Y{1~1</~1~~n?~~~~~/>1~)Y){~1Y~1(r}~fH»~:{1~1~1~1 

Date: 3 . 7 -01- Depth I Color Description (Sand, Silt, Clay, Moisture, etc.) 

Time: (L 3~ M 0 (S I' Til (t (JoTS 
, . . 

Method: . () p ~ 
MonitorReading (ppm): 0 

Analysis Container Requirements Collected. Other 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, (1) 8 oz. Glass Laucks 

Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb j------------i--------If------I 

Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN): N.. See Rgure. 

./ 
, " 

• 

• 



• l~l 
Project Site Name: j : • 

Project No.: 

-i-surface Soil 
[] Subsurface Soil 
[] Sediment 
[] Other: 
[] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Landfarm 

CTO 19 job # 7393 SWMU 30 

page~f5 

. Sample 10 No.: 30 ~ 66· 0002. 
Sample Location: 30 SB oC;; ---'------
Sampled By: . K Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[Xl Low Concentration. 

. [] High Concentration 

gR~~t~M.;~!iit;iPA1:Ai}~j(~nj~l~~~l~)~l~~~~~l(~l{~j~l~l:{~l~~~Y~~~(~l:l~l~lUl~l}(~~~l~~~l:l~l~ln~r~~~~l~//?jt~)Uj~{@j~/~l%~l~jH:l:l~j{~l~)!~jUnl~j?~j 

Date: b - 7 . 0 l . Depth Color Description (Sa~d, Silt, Clay, Moisture, etc.) 

Time: l ('3S NOIST, ~(~-ry GLl\j 
Method: ()(>I O. S - 2. B R.N 

. Monitor Reading (ppm): 0 

Analysis Container Requirements Collected Other 

Metals: AI, Ca, Fe,Mg, Mn, K. Na, As, Sa, Be, Cd, (1) 8 oz. Glass Laucks 

Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI; V, ln, Hg, Sb ~-----'-------I---""--;'----I------I 
Cr+6 and Cyanide, pH 

See Rgure 
Sludge noted at this location (Y/N):~ . 

.Bou~OA().y LOC-l\-nON 



Project Site Name: 
Project No.: 

[] Surface Soil 
:;[ Subsurface Soil 
[] Sediment 
[] Other: 
[] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Landfarm 

CTO 19 job It 7393 SWMU 30 

page3 of 3 
Sample 10 No.: 30 SBO'<=>- O'l-ot 
Sample location: ....:.3_0....:.S.::..BO=-="~ ___ _ 

Sampled By: 
C.O.C. No.: 

( 

Type of Sample: 

K. Simpson &T. Rojahn 

[X] low Concentration 
[] High Concentration 

gMiir~M.;~!i,t;PA'f:Nj~Hj~~~))i~j~)j~j~j~j~~~j~~?{)jY:/i~ii)t~~~)j~j~Y)j~~~j~~~j~Yj~)j~~~~~j?(»j~j:@j;~~{{~~j~j~~~~~~~)H)j~y)ri~jY~j~)j< 

Date: 1> ~ 7-02 Depth, 

TIme: (,(,38 
Method: () p, 
Monitor Reading (ppm): 0 

, Analysis 

Metals: AI, Ca, Fe, Mg, Mn,K. Na, As, Sa, Se, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb 
Cr+6 and Cyanide, pH 

, Sludge noted at this location (YIN) :~ 

Color Description (Sand, Silt, Clay, Moisture, etc.) 

't'v\Q\ St; Sf'T'/ ,QAi, 
'djn..f\-Y MOnu('t',) , 

-n'l R..uST CD\.O{l NO 0"< lG-~ 

Container Requirements Collected Other 

(1) 8 oz. Glass Laucks 

See Figure 

• 

• 



[ll)Te,<aTeCh NUS: Inc. . BORING LOG 
PROJECT NAME: NSWC CRANE -Landfarm BORING NUMBER: 

•

ROJECT NUMBER: eTO 19 job # 7393 DATE: 
RILLING COMPANY: Environmental Field Services GEOLOGIST: 

H'" DRILLING RIG: G~Probe 54 LT DRILLER: 

MATERIAL ut:~(jHIPTION 
Semple Depth Blows I S"mple Uthology U 

No. (R.) 6-.or Recovery I Change S 
and or ROD S..mple (Depth /Ft.) 

C Type 01 Run (%) Length or 

No. Screened ili~ill~1i 
S ROD 

:,i'iiii! 

Interval 
::::, . 
.~~ 

,(iJ 

/ g)p\ S \L-ty 'CAt\)' 
1 I 'fttr. ~L 

/ 
<..¥ 

2 ~e-{) 

/ S'1lfl= 

~ ~~,"lTO~~ I -
3 R' 'C,O \ c) ~ 

/ ~ 
IV IVVOt.( \,.,'£:~ 

~l 5T1fP \It II.! ~/ 4 ~II 

/ 5 : 

6 V 
• 7 / 

'8 V / 
9 V 

10 V i/ 
'/ 
/' 

, 
TD= +-

\ 

'/ 
/ 
/ ,-~ 

/ 
• When rock coring. enter rock brokeness. 

'.' Include monitor reading in 6 foot intervals@borehOIe'lncreasereadingfreq,UenCYifeIeVatedreponseread. 

~marks: ____ ~, ________________________ ~ ______________ ~, ~ __ _ 

Pagei-of L: 
30 cP 0 l ,A-&'-D E-

3· 7- el"L 
K. Simpson & T. Rojahn 

Tony: Strati 

I Retlding' 

Remarks 

.1,lm: 
MOlc;T I1t 

(J 0 0 ~ (tooT'S 0 

\.V I"-~ "- f V ," ' 

Drilling Area..--__ -, 
, Background (ppm): I C2 

, 

I 
I 

I 

No X ------- Weill 1.0. #: ..,;",N,;;"A...:...-. ________________ ---'_ Yes Converted to Well: 

, 

; 

1 .. 



Project Site Name:. 
Project No.: 

'/11-.Surface Soil 
. jf.subsurface Soil 

'[] Sediment 
o Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

"" NSWC Crar\e, .IN - Laridfarm 

CTO 19 job # 7393 SWMU.30 

Page~ofL 
StIC

Sample ID No.: 30 cpO ( is €\.(J~ 
Sample Location: _30_C_P--.::O:.....+-\ ___ _ 
Sampled By: K Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sample: 
[X] Low Concentration 
o High Concentration 

$9~9~~~~~~~~~~~~rAe?(%~~~~()fH~?H~~U/~»~~~~:n~~r~~;~~~~f~~(~))~~~UYY~>~f~~~~)Yj~)~H»<~j~)~(~U}n?})f~ 

Date: 7 
3",0)" 

TIme Cell SubCell· Depth (ft) Color Description (Sand, Silt, Clay, Moisture, etc.) 

& 

Monitor Readings \11 D 
o t i 1) Iii" "£ II I { I· (Range in ppm): . . I.::> _-- ~". ,.,'--

. Analysis . Container Requirements Collected Other 

Metals: AI, Ca, Fe, Mg, Mn, K,Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this "location (YIN): N 

- . '3' S /Vv(Pl f<) 

:t D oetrnl ' 
'60CPo I 0 -o~<; 

nMG
IbO~ 
Ibl~ 

(1) 8 oz. Glass 

_ f} 0 I -(..~ O.S - :t 
?;,t)C-r 

,,?Q cp O( ~-1-- I b ~o- OlAf 

See figure & sampling grid 

3 c.oMP ~tl-M (leES. 

c;- La c-h TI 0 l'<$ 

Laucks 

'. 

• 

• 



( I t]Te"aTech NUS, Ihc. BORING LOG' 

PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER 

~
ROJECTNUMBER: CTO 19 job # 7393 DATE: 

ILUNG COMPANY: Environmental Field Services GEOLOGIST: 
- .. RILUNG RIG' GeoProbe 54 L T DRILLER 

Page l of.l- . 

30 c{-?,~~ (A~C02J 
. K. Simpson & T. Rojahn 
Tony Strati 

M~TERIAL'Dg>CRIPTION I Reading (ppm 

Is.unpl< Depth Blows I Sample Ulhology 
No, (R.) 6·or RecOIl"')' I Change 

·"nd 0.- RaD Sample (OepthlR.) 

IType Of Run ("h) Length or 
ROO No, .Screened 

Remarks 
Int"",,,, 

\) 

/ ! '. .... 

\U 

1 

2 / 
;. ,! 
! ,.' 

3 / 
4' / ~. 
/ 

1\1 lV 
,tI 
STIFf" ~I . \~ ''I ~ I' I 

~-+~~--~--~+-----~-----r--1-------------------1--r----------~r-~+-~~~ 

5 

.6 / 
7 / 
8 / / 
9 / 
10 / V 
V 
V 
V 

~ /. 
/ 
/ 

Converted to Well: Yes No X -----

Drilling Area,-----, 
Background (ppm): I 0 I· 

WeIlI.D, #:..:..N.:;..A..:...--__________ _ 

r· .. 



[I t;J SOIL SAMPLE LOG SHEET 

Page-LofL 

S"e~ 
Project Site Name: NSWC Crane, IN - Landfarm Sample 10 No.: 30 CP 02. BE\.OV 

.. " . Project No.: . CTa 19 job # 7393 SWMU.30 Sample Location: ..:.3~0 c.::.;P_O_'L __ .-.:._ 

Sampled By: K Simpson & T. Rojahn 

·If::..-Surface Soil 
tf}--Subsurface Soil . 
U Sediment 
U Other: 
U QA Sample Type: 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
U High Concentration 

P'9~~.,~jM.M~.Qi~~ArAH~i~i~)Yj~~~j~Hj<~i~1\\~j@{rttt«(~j~j~~~Htj\H/~)i~nj)~i~Hj<~~~i~j~i:i~jU~i~j~i)j~i~i~i\(!i(~i~1~~~))i~)f 

Date: Time Cell SubCell Oep_Ut (ttl Color Description (Sand, Silt, Clay, Moisture, etc.) 

3· 7· 02- IS-co '2.. A. 0-1- SRt-i MOI<":" ~ l100rm lCMe5TH@ 
I) "Jt2.I\~ TlJf 0., ~' , Method: {)p, . 

Monitor Readings \II 0 . Crftf\ Y I\lOTTU *1 sT7\f"tr"@. I ' 
. (Rangei~ppm)O IS4:0 \1/ E, ,V V + R"'c:" COt.O~ K6(}(.(l~S 

Analysis Container Requirements Collected 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se,Ag, TI, V, ln, Hg, Sb (1) 8 oz. Glass 

Cr+6 and Cyanide, pH . 

Sludge noted at this location (YIN): N 

TO 
30 c('Ol.... 

~ocPOl 

3()CP OL 

:5 SA-Mt'l~S 

,DE-hlJ f. 

O~O .. <;; 
O.S'- 2. 

.~- ~ 

"M~ . 
IS-' S-- O",p 
I~:L~ 

'S-3~ 

See figure & sampling grid 

3 CCMP. ~MVJ{€-S 

. . t:;' La c..l\-ilO N S 

m@~~jApp.JJ.c.~~le.i~~~~~/j~~(~~~)UHY~~~~>j:~r><~~~ir~j>t>~j»~Y)}~/j/ Signature(s): 

MS/MSD D::'~P'ONOb3 07 0 ~ 0+ --;(:::j ? ~ _ 

Ollier 

Laucks 

• 

• 

• 



[ I t)Te,mTeCh NUS,lnc, BORING LOG 

PROJECT NAME: NSWC CRANE- Landfarm BORING NUMBER: 

liRO. JECT N. UMBER: CTO 19 job # 7393 DATE: 
RILLING COMPANY: Environmental Field Services GEOLOGIST: 

... RILLING RIG- . GeoProbe 54 LT DRILLER '. ' .. 

MATERIAL DESCRIPTION I 
Sampl, Depth Blows I Somple 

Ulli~~111 
"Iil ' ~~,i~lm~~~, 

u 
No. (Fl.) 6- or Recovery I Chcmge S 
and . 0<' . ROD SQtnpie (DepthlR.) ;.:,;.;; C Type at Run (%) . Lengih 

Sc":edm 
. 8::. 

ROO No. 

~~Um 
s 

Inlerv ... 

"",11111111111111111111111:1: 

. 
m : 

3\) 
'. 

:/ SOrl -1:'~ ~ ~~f{~j~ 1ei(1'l Cl 1 r; ltT'f 

:/ MW . . 
'S'1lf'F-

r 2-'~ A,/ M OITU rx'j 
.2 /{.L{ ~, cO\.QlL f{C1~ 

~. J, 
3 <;-nff' 

I~ 4' :/ U 1 
5 :/ 3f?r:. w 'l/ \'1 l 

6 :/ . -

:/ 0 

.7 

8 / ~ 
9 ~ 
10 :/ V 
:/ 
:/ ; 

TD= '+ \ 

/ 
.:/ 
V 
~ 

• When rock coring. enter rock brokeness. e;='" ""Od., .... ,,' .~""" • 00"""., "a_ 'e .... ' ."""eo,,,' ""'"''''' mp=" 'M' 

Page_'_of L 

30 GP 03 \.1\13 ~OE) 
. '3 - 7- o";k 

K. Simpson & T Rojahn 

Tony Strati 

I Reading (ppm 

iii 
':::', 

mm~ 
:~:. ·illj 

I ~: 
Remarks jf 

II 
f\\Ql<;, rt . 00 o 0 '{tOoTS 

, 
; ,. 

~i 

\1/ \ 
/ '" \ I J. 

.' 

Drilling Area r--~.., 
Background (ppm): 1 0 ·1 

: 

Converted to Well: NoX ---- Well 1.0. #:..:..N.::,.A..:..-________ _ Yes 



Project Site Name: 
Project No.: 

iJ- Surface Soil . 
iJ(Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

PageLofi-

NSWCCrane,IN-Landfarm Sample 10 No,: 30CP Os ~€~ g~o V 
.~C-=-tO~19~jc.:.:ob:..;#:..;7-=-39.::..:3:..;S::..;.W.:.:.M:.:.:U:..;3-=-0____ . Sample Location: _3_0 _CP_O...;:s"-__ ____ 

Sampled By: K Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
. [X] Low Concentration 
o High Concentration 

P'9~~~r~[~~.l$[g~tA{Hfn~[~j~j~<H<~YU+~~~~/\>HHH?Hy»e:/~~q~~~~~~:~:~Y:~:~~~~~~j()/U/HH~\YH~jY\/y~m~j~jHU~jH~j 

• 

Date: TIme Cell SubCell· Depth (ft) Color Description (Sand, Silt, Clay, Moisture, etc.) 

3 -]'0:1.. \o'3\) '3 A. 0 - 4- f3ftt{ MQI~"-- .--n...ft<Jo-r; ~ l ,(\4~ r?J1'fo 
Method: 1) ':? ~~ i"l' f (). S" 

f)r-r c. St'-TV Clt\)f 
Monitor Readings ,-V D ., My M<J1Tl\f'{,q .~R.I.{(I (SJ'-.o« 
(Rangeinppm):O lIos .~ £ ,~ \JV I'lOI~\~S ~11\f'(nJ'('1@ f .• J-' 
~~~~¢p.m~OO~j!Nf:gf:lAA'T;1P.N~??Hr\HH\:?H<HH<HHHH?<H)}<}HH}HH)!?)UU))H?WH?H?HHUnrn) 

Analysis Container Requirements Collected 

Metals: AI, Ca; Fe, Mg; Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) :L 

(JEtn-I ' 

OA~ 

O.S~ :t 

Tl f\1G 
j03~ 
,o4-Y 
1100 

(1) 8 oz. Glass 

See figure & sampling grid 

Other 

Laucks 

• 

• 



f Il)Tel,a Tech NUS,lilc BORING LOG 

PROJECT NAME: NSWC CRANE -Landfarm BORING NUMBER: 

IiROJECT NUMBER: GTO 19 job # 7393 DATE: 
RILLING COMPANY: Environmental Field Services GEOLOGIST: 

RILLING RIG GeoProbe 54 L T DRILLER 

I!?ampl. Depth Blows I Sample lithology 

No. (A.) 6" or Reeov"')'l Change 

Gnd « ROO Sample (OepIhlR.) 

I Type 01 Run (%) Length or 
ROO No. Screened 

Interval 

y;<: 

/ 1 

2 / 
3 / 

qlO 4 / 1% 
5 / 
6 / 
7 / 
8 / ~ 
9 / 

1.0 / ~ 
/ 
/ 
/ 
/ 

, / 
/ 

" When rock coring. enter rock brokeness. 

MATERiAl D:::S~'lIPTION 
:~: 

m 
m 
m 

I 

•• Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

.markS:, " ,": ,,' , ' 

u 
s 
c 
s 

Page -.-l of L , 
30 CoP of A8cD G 

'3- 7-.o'L. 
K. Simpson & T. Rojahn 
Tony Strati 

Remarks ·-1 
:,: ~Imj[ 

0 0 0 

Drilling Area 
Background (ppm):Ir--0-'--' 

Converted to Well: Yes' No X -----,- Well I.D. #:..:..N.:.;..A..:...-________ _ 

, ' 

: 
i 
I 

i 



SOIL SAMPLE LOG SHEET 

Pageiof 1 

Project Site Name: NSWC Crane, IN - Landfarm 
Project No.: . CTO 19 job # 7393 SWMU 30 

Sample 10 No.:' 30 CP oCf
Sample location: 30 CP O~ 
Sampled By: -K-. S"-'im-p"-'s'-on-'-&-T-.-R-oj-ah-n-

~ Surface Soil 
~ Subsurface Soil 
(] Sediment 
(] Other: 
(] QA Sample Type: 

C.O.C. No.: 

Type of Sample: 
[X] low Concentration 
(] High Concentration 

GQ~9~~r~~AM~~~~n~t.~,:n~~~~~~~~~~~~U~~~~~~~~~~)~~~?H~H<?\(~~~i~~~~:iJ(t>~i:r~~r<H/YY~f~~~~Y)\i~i~~~~Y\~~~(Y(~~~~i\H~~fU}} 

Date: . Time Cell SubCell Depth (ft) Color Description (Sand, Silt, Clay, Moisture, etc.) 

3-7·0L O~ 4- A. o-f snN f\\(lt~-maOOT<; 
Method: 1) TO' S I \. TV. CV\)( 

o p-r- c. l..T Cj (thY NOTTl-\1'i'1 k./ / 

Monitor Readings 'V D t:1( U"" (l..)f ~C!J \~ YL, N OJe.{ \ ~ S 
(Range in ppm): 0 OC(:LQ £, l1 . :' Jt l...) I ... J-:-

Analysis Container Requirements Collected 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, . 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) :~ 

to 
3ocPO,\-: 

30cP Oq
~Oc.pO~ 

S .5I\MPtE~, 

Ot:;-P'n-J ' 
0- 0,,';-

O,,~- -:;)...:. 

:l.-~ 

-nM~ 

b qOO 

OqO<) 

o Of/\ 

(1) 8 oz. Glass 

See figure & sampling grid 

3 c.o~p sJ\-M~t€ 5 
-pv10M: S- La Urnol'<~ 

9if:~@Mp.p.'I.#.~e.n)r~~rrrfnr((///<<~}r}i/(\)t~~~:~:~( Signature(s): 

~D Dupl;caleIDNo., 11J{ / ~ 
I 

/ 

Other 

Laucks 

e 

e· 



( IllTelrn T eoh NUS, Inc. BORING LOG 

PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER:. 

arROJECT NUMBER: CTO 19 job # 7393 DATE: 
w.'RILLlNG COMPANY: Environmental FieldServices GEOLOGIST: 

'. ,.DRILLING RIG: GeoProbe 54 L T DRILLER: 

Depth Blows I Sample Ulhology 
(R) 6"or Recovery I Change 

or ROD Sample (OepthlR) 
RUn (%) Length Of' 

ROO No. Screened 

IntCfVIII 

I 

=1-

• When rock coring. enter rock brokeness. 

•• Include monitor reading in 6 loot intervals @ borehole.· Increase reading frequency il elevated r!lponse read . 

• marks:. . '.' , 

Page _, of _,_ 

3;C.POS-· (A 6(' OG) 
3· 7·0:L . 

K. Simpson & T. Rojahn 

Tony Strati 

Remarks 

Drilling Area ,--_-, 
Background (ppm): I 6 

Converted to Well: Yes No X ..:...:.....---
WeIlI.D. #: ..:..N.;.,..A_-'--__ --:-_____ _ 



~ ~ 
Project Site Name: 
Project No.: 

--.a::..Surface Soil 
:a::subsurface Soil 
U Sediment 
U Other: 
U QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Landfann 

CTO 19 job # 7393 SWMU 30 

Pageiof I 
Sample ID No.: 3OCPO) Set=&f\OIV 
Sample Location: _30_C-'P......:O:::......:::S-'---· __ _ 

Sampled By: . K. Simpson & T. Rojahn 

C.O.C. No~: 

Type of Sample: 
P<l Low Concentration 
U High Concentration 

PQ~~"~~~~4j~MAH{~j<L(tj~j/((({)fC)/j>~/j<\/nj</UHY)}{)j~jHt~{j~j~~~Hj~j~)j~jYLtt~j~j~j~)1~)j 

Date: Time Cell' SubCell Depth{ftj Color Description (Sand, Silt, Clay, Moisture, etc.) . 

'3. b~O 1-' 081'0 'z;-. A. 0 - 4- BfU.! -rlJf 0,5" lIMES'WE- 6M"€-L 
Method: & ') , "-'" C L NY) MO , ~-r; 

J) p-I. G tiL ROCJTfl../. 'My Mcrrrt.' N~ 
Monitor Readings V D 1-7'1 IV )...' + p.v<,. CO \. 0 fl 
(Range in pp~): 0 084<) "II £.. \1/. . V N. () IY-A l \;'"" ') 

Analysis Container Requirements Collected 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb 
Cr+6 and cyanide, pH 

(1) 8 OZ, Glass 

Sludge noted at this location (YIN): M 

- ?> SAtAPtE,S-

ro Dt.P11J I 'Tt N\ G 

30cP OC;-. 0 - 0 .. c;-
30 c...f o~ 0.,5- ~ 

30c.pO~ l - 1-

oBIt::" 
o 8~O + OLfP 

08'3U 

L-:7@ 3'0 cPo.(o" <;-} , 

30 CfOC;ooo"l..~()UP 

See figure & sampling grid 

'.~ coMP, SI\MPre-S. 

'fiLa M .~ LO Lf\ no i'< S 

Other 

Laucks 

• 

• 

• 



( 1l:]Tetra Tech NUS,lnc BORING LOG 

PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER: 

•

ROJECT NUMBER: CTO 19 job # 7393. DATE: 
RILLING COMPANY: Environmental.Field Services GEOLOGIST: 

. DRILLING RIG GeoProbe 54 LT DRILLER 

ISamph Depth Ellowsl Sample lithology ::: 

No. (A.) S-or Recovetyl Change 

and Or· ROO Sample (Depth /Ft.) 
.. ITy,,", 01 Run (%) Le~h ~ 

ROO No. Screened 

Interval 

1 ~ 
2 V 
3 V 

Pageiof~ 
cP 

30 ~O b Cb &c.f)G 1 
3 ,b·o2. .. /' 

. K Simpson & T. Rojahn 

Tony Strati 

I Reodin9 (ppm: 

4. V Yt \V I \ 1/ '\ IJ \" . ~ 'V \. / ~ N I ~~ y 
~r-~~--~--~--~~----+--+--------------~~----------r-~~-;i 

5 V 
6 V 
7 V 
8 Y / 
9 V 
10 V / 
V 
V I 

TD=~ 

V 
V 
V 
V 

• When rock cormg •. enter rock brokeness. 

•

•• In dude monitor reading in 6 foot intervals@borehole.lncreasereadingfrequencyifelevatedreponseread, 

nnarks: . . . 
, Drilling Area..---::--. 

Background (ppm): 10 I' 

Converted' to Well: Yes No X ---- Welll.b. #: ..:..N.:.:..A-=--_____ '--_----: __ 

[. 
I 
t. 



Project Site Name: 
Project No.: . 

'i(Surface Soil 
it Sub~urface Soil 
D Sediment -
o Other: 
o QA Sample Type: 

Method: Orr 
Monitor Readings 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN • Laridfarm 

CTO 19 job # 7393 SWMU 30 

Cell SubCell Depth (tt) Color 

f). 
c. 

(Range in ppm}9 II t ?,D 'V £ "1I 

Page ofi-
Sample 10 No.: I 30 CP 0 b 

~":":""'':::::-:::~---'--
Sample location: _3_o_cP---"-O.....;0""'-__ _ 
Sampled By: K.SimpSon & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low: Concentration 
[] High Concentration 

DescripUon (Sand, Silt, Clay, Moisture, etc.) 

Analysis Container Requirements Collected Other-

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Sa, Se, Cd, 
Cr-total, CO,Cu,Pb, Ni, Se, Ag, TI, V, ln, Hg, Sb 
Cr+6 and Cyanide, pH . 

Sludge noted at this location (YIN): N -

(1) 8 oz. Glass Laucks -

SI\Mf(f tlM~ 

;400 

11- ,.u 
I.q-/~ 

See figure-& sampling grid 

3, GO Mf. SIt;M ftFS 
f(lo M. ~ lOc.l\-llDf'{S 

• 

• 

• 



[ I L) Tetra Tech NUS, tnc, BORING LOG Page -L of L 
PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER: 30 c(' 07 A tbGO g-
PROJECT NUMBER: CTO 19 job # 7393 DATE: 3· i3. 02.. 

_ RILLING COMPANY: Environmental Field Services GEOLOGIST: K. Simpson & T. Rojahn 

.. •.... RILLING RIG: GeoProbe 54 LT DRILLER' Tony Strati 

SamplE Depth Blows! Sample 
No. (R.) 6-or Recovety ! 
and or ROD Sample 

Type 01 Run (%) Length 
ROD No. 

:2,11
1
11 

Inlerval 

aV/ 

10V/ 
v 
v 
v 
v 
v v 

• When rock coring, enter rock brokeness. 

MATERIAL DESCRIPTION 

"\ 

u 
s 
c 
s 

•• Include monitor reading in 6 foot intelVals@ borehole. Ina ease reading frequency if elevated reponse read. 

.• arks:' ________ -,-_____ ~ _________ _ 

Converted to Well: Yes No X WeIlI.D. #: NA 

I Re8ding {ppm: 

Remarks 

). : 

() 0 0 0 . .J .... 

I 

Drilling Area 
Background (ppm): 1'--0-' ---. 

-'----- --------------



Project Site Name: 
Project No.: 

jlSurface Soil . 
. ~ubsurface Soil 
. [] Sediment 
[] Other: 
[] QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN -l?ndfarm 

CTO 19 job # 7393 SWMU 30 

Page~of' .. 

se: Sample ID No.: 30 CP 0 7 ~(J4/ 
Sample Location: 30 CP 0 7 
Sampled By: -K-S'-· im-p-so-'n .... &-T-.-R-oja-h-n-

C.O.C.No.: 

Type of Sample: 
[X] Low Concentration 
[] HighConcentration 

qQ~P:$~T:~~~~P.:!$j~MAU/?jr(((~/}~j~>~)H~j~j~»)j(()))HH~~j~))W\(~tjj~~\UH<~~j:~~j<~<~~~~j~~~~~:~~~j\~:~~U/~~~/~~~j% 

Date: Time Cell SubCell Depth (ft) Color Description (Sand~ Silt, Clay, Moisture, etc.) . 

~ -6 ·O"::L ogo< 7 1\ o-'\-
Method: 

D p-I c. 
Monitor Readings . '\ V D 

11l jJM~m.NE 1RPr~l ~(J·O.,.~~' 
1flAY (IloTlllNQ T 1ft RJ.l~r-

(Range in ppm)O 0530 IV £ \ II \ 'I 

. Analysis . Containef" Requirements Collected Othef" 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb . 
Cr+6 and Cyanide, pH . 

Sludge noted at this location (YIN) : __ 

_. 6 SI\Mf'(G) 

If) 00'/1;1 T1i~G 

30cP 0 7 0-0.,S" 08J '0 

~oc..P 07 ooc;'-2.. o tJ20 

30cP 0 7 .1..-4- o 8lC;-. 

(1) 8 oz. Glass Laucks 

See figure & sampling grid 

l()U\noN 5 . . 

• 

• 

• 



[ I lJTe'ffi Tech NUS, Inc BORING LOG Page _,_ o~ _. _ 

PROJECT NAME: 
PROJECT NUMBER: 

_ RILLING COMPANY: 

RILLING RIG:· 

Deplh Blows I Sample 

(R.) 6·or Recovety I 

or. RCO· Sample 

Run (%) Length 
No. 

NSWC CRANE - Uuidfarm BORING NUMBER: 
~-----------------------------eTO 19 job.# 7393 DATE: 
-=E:-n;....v.,-ir-"o-'-nmJ..;..;e=-n;:;.ta-=I....:F-=ie-=ld-S-e-rv"""'"ic-e-s-------- GEOLOGIST: 

30 e e 08 A (3 CD (;-
~'7'()~ 

K.. Simpson & T. Rojahn 

GeoProbe Tony Strati 

liIhoiogy TIITj u 1------= 
Change 

(OepthlR.) 
or 

Screened 

Interval 

S 
C 
S Remarks 

·i'\Ol~ T til 
. ' t<.(Xrr~ 

.-00 ) ~~~~~--~--~~-~--~------~~~~------------~~----~--~------------;__+~~+__t 

• When rock coring. enter rode: brokeness·. . 

Converted to Well: . Yes 

TD=+ I 

No X ----

Drilling Area r--:--, 

Background (ppm): I f) I 

WeIlI.D. #: ..:..N.,::.A-=--__ --'-_____ _ 



Project Site Name: 
Project No.: 

IN>urface Soil 
~Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - landfarm 

CTO 19 job # 7393 SWMU 30 

. I 

Page 1 o~ 

Sample· 10 No.: 30 CP 0 t3 
Sample Location: 30 CP v-S 

~-'-'-":;;'-'..>.L-__ _ 

Sampled By: . K. Simpson & T. Rojahn 

G.O.C. No.: 

Type of Sample: . 
. [Xl Low Concentration· 
o High Concentration 

• 
D3 .7. 01.. Time· Cell SubCell Depth (ttl Color Description (Sand, Silt, Clay; Moisture, etc.) I . 

L4-3~ fJ A 0 -£{- .~('(.. ~Ol ~-r . u M~NE- ~(li\~l ~ P iJ., ~ 
. Method: I) TiL (tooTS 

DP-r C s,cry CLf\'l . 

Monitor Readings 

(Range in pp~):O 0' ~O . \ ~ £ \. I \.,1 ~LI {, ())(O VI.. NO OC{ (~S e. TM ).. f 
~p:Q';:~!?m~~g~i!Nm~MAl.tg~~fj\i'<??r?r:U:f)n)f)iHHmH???rHtt?rrt??WYHH?t?fff}fW} 

Analysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Sa, Se, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, TI, V, In, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) :~ 

3 SI\MPlE-S 

Container Requirements . Collected Other 

(1) 8 oz. Glass laucks 

See figure & sampling grid . 

Xl) I Dt:PnI ' 

'3acp05 

~o c..f 00 
'30 cP (Jf) 

0- ()~~ 

C).~-~ 

nNt 
j if 40 - (}(,{f 

·I'\- 4-S 
3 .sI\MPl€S ~OMq>~) 

S' l<>OTTIO NS 
:1--1- I5\>O 

qir,~'~~Ap.p.I~~~~W~)i~i:)i~~~~(+i(~+~?)~~:~~i:}i:)j~})</:i~)i>(~/}i:i Signature(s): 

~M"'-O;:'F'j)°;?,o70~ o-S tCd /,----L.., 

• 

• 



( Il]Te'<a Tech NUS,lnc BORING LOG Page i of --L. 
PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER: 

•

. ROJECT NUMBER: CT019 job # 7393 DATE: 
. RILLING COMPANY: Environmental Field Services GEOLOGIST. 

, " DRILLING RIG: .. GeoProbe54 L T DRILLER: 

30 C-p 0 Cj A~d)e 
"3, 7' O-:L 

K Simpson & T Rojahn . 

Tony Strati 

I SamplE Depth BlowS I Sample 

No. ~.) 6" or Recovery I 
end' or ROD Sample 

Ir:;,oOt . =- (%) Length 

r-~---r--;-------------------;--r-----------;--r-r-+-~I'" 

7/ 
8'// 

10// 
/. 

I 

TD= 4-v 
v 
/ 
/ 
/ 

• When rock coring. enter rock brokeness. 

•

" Indude mo.nilor reading in 6 foot intervals@.borehole.lncreasereadingfrequenCYifelevatedreponseread. 

.marks .. ' . . 
. Drilling Area,-----, 

Background (ppm): I . c> I 

Converted to Well: Yes .No _X'--__ WeIlI.D. #: ""-N,;....A _________________ _ 



Project Site Name: 
ProjeCt No.: 

-&-surface· Soil 
'i.. Subsurface Soil 
~ Sediment 
o Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - Land/ann 

CTO 19 job # 7393 SWMU 30 

Page-L of L . 
·5€-l?" 

. Sample JD No.: 30 CP 0 CJ ~u It... !I 

. Sample location: _3_0_cP--=.O-'91--__ _ 
Sampled By: K. Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sample: 
[X] low Concentration 
o High Concentration 

. Date: Time Cell SubCell Depth (tt) Color. Description (Sand, Silt, Clay, Moisture, etc.) 

3·7-0')... (340 9 A. 0 -~. ()P.NMO\~-rTR_~ooTS 
Method: . & LlM~si-vl'l€' 1Rh<.KL(c1p o .. S". 

/) ~ c. .S l \. '" QI\ 'I 
Monitor Readings \ ~ D . Cj." (\.. Y Iv\o..,.-ru Ntj (b TJ"\ <).' . 

(Rangeinppm):() It\O II . £ \V \/ R\"OI~tt~Rt-I &T'M -:l' 

Analysis Container Requirements Collected . Other 

Metals: AI, Oa, Fe, Mg, Mn, K, Na, As, Ba, Be, Od, 
Or-total, 00, Ou, Pb, Ni, Se, I\g, TI, V, ln, Hg, Sb 
Or+6 and Cyanide, pH 

Sludge noted at this location (YIN): N 

- ~ SA;MtDlE-S 

TO De-r-r-H nMF 

(1) 8 oz. Glass 

f 
13>4-t;' . ~ocfocr 0- 0 .. S' 

3{) cf 0 ",. 

30 ~f ocr 

"~SD 
i_ES 

o'!~- 2... ,3,:)Q - t4'>/td~C 

2..-4-- (3 ~c;-

.. 
Duplicate 10 No.: 

Laucks 

See figure & sampling grid 

3 c-oM~ <;I\MPl'(S 

ff<.:~ M S"' toclTn~t« 

• 

• 

• 



. [ I L)TeuaTechNus, Inc BORING lOG Pageiof-L 

PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER 30 c...-p , 0 A f::>cA}fi-
arROJECT NUMBER: CTO 19 job # 7393 DATE: ""3' 7- \) '"L 
~RILLING COMPANY: Environmental Field Services GEOLOGIST: K. Simpson & T. Rojahn 

. DRILLING RIG: . GeoProbe 54 LT DRILLER- Tony Strati 

MATERIALDESCRIPT!ON I Reading (ppm: 

Isompl, Depth Blows,! Sample. Uthology IIII u 
!loo.r No. (R) 6· or Rccove<y I Change S 

end or ROD Sample . (Depth /Ft.) 

Type'" Run (%) Length or 
.. C 

Remarks ~~ ROD No. Screened 
;.:~; s !r. Interval 

11111!11~~lllllllllllillljlllljllll 
. [~ 

:HI~)r mill .. m~!li: Ii 

~ / sof1" l1?rl 
-; r{ LlI\1.~/<?n.~ GW\I.t:\.. MOl~-r o () 

1 . S I \. -ry c\. f"'j (.L '1""R- 11~ 0 0 
M~ 

~. STIF-P 
I r\ 

J,. 2 

Ij / ,>-,rr-r dJ (}'tt'l t\\01T\-\ ~~ 
3 

£ 4 / ~ ~ ~ ( \11 \.~ ~ 1/ V I\~ I,. V II If 
i 

/ 
\ 

5 

6 / 
7 / 
8 V / 
9 V 

10 V / 
V 
~ 

I 

TD= Lt 
~ 
/ 

, 

/ 
~ 

• When rock coring. enter rock brokeness. 

• 

",nclude monilor rea. ding in 6 foot intervals@borehole.lnaeaseieadingfrequencyifelevatedreponseread. 

marks:. .' 

Drilling Area . 
Background (ppm): '-1 -·O-=--' 

Converted to Well: Yes Well 1.0. #: .o:..N.::.A~ ____ ~ ___ -,-----No X ----



Project Site Name: 
Proj~t No.: . 

':!K Surface Soil . 
}):(Subsurface Soil 
a·Sediment 

. a Other: 
o QA Sample Type: 

SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - landfarm 

CTO 19 job #7393 SWMU 30 

$ubCell DepOt (ft) Color 

l 

Page-Lof~ 

Sf€" ~, .I Sample ID No.: 30 CP I 0 ~"'" 
Sample Location: ~3~0 ..:...;cP--'-I-=Q=--__ _ 
Sampled By: K. Simpson & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] Low Concentration 
o High Concentration 

. . 

• 

A
i> 

0-4 ~N I, 

Description (Sand,Silt, Clay, Moisture, etc.) 

t'\OfS, -r1( RooTS TiL UlMW ~~ 

Methr)f, 
S ( \.J-'Y cLl4..'j . . 

Monitor Readings ", D I 

(Range in ppm): 0 tOOC:;;- \ V· £ 'V' ~ 

Analysis 

Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 
Cr-total, Co, Cu, Pb, Ni, Se, Ag, II, V, ln, Hg, Sb 
Cr+6 and Cyanide, pH 

Container Requirements 

(1) 8 oz. Glass 

Collected· . Other 

Laucks 

I 

Y. VOL Ouf-r M)1\fSIJ 
I 

Sludge noted al this location (YIN) : cl See figure & sampling grid 

.....--'- 3 . Sf\~P\ES: 

TO O~ .-nMf 

30 c.p\(;) o-o_C:;:- 693~ - Ol(P 

o_'? -""L. 01~ ~ cm"" r <;ITMf\.-e5 
30 cPl\) 

'30 c...P (0 'A.-'\- 1000 - ttt.1NSD A10M c;- l~Ut-ll() N<; 

p'ir,~:m~~(Ap.p.I@~~ii:~:nYY{~:~:~{Yn~:>~:~~~:(:YY~j~)t~i~~~:Y(:~:~){~:~~:~)~~:~~:~(: Signature(s): 

. Duplicate ID No:: 

r fOo~0701.. 02- /~d?g'r~ 
4 30c-PrQ 0001 

, 

• 

• 



[ IlJTetra Tech NUS, Inc. . aORING LOG 

PROJECT NAME: NSWC CRANE - Landfarm BORING NUMBER: 
~ROJECTNUMBER: CT019 job # 7393 DATE: 
_RILLING COMPANY: Environmental Field Services GEOLOGIST:. 

.... DRILLING RIG' GeoProbe54 LT DRILLER' 

MATEf!I~ n F~r.J:lIPTION 
Isarn~, Oepth Blows! Sample 

No. (A.) 6· or RecovCl)' ! - or ROD· Sample 

Type'" Run (%) Length 
ROO No. 

1 V 
2 V 
3 V 
4 V X 
5 V 

·6 V 
7 V 
8 V / 
9 V 

10 V / 
V 
V TD= 4- I 

V 
V 
V 
V 

• When rocl( coring. enter rocl( brokeness. 

•

... Indude monitor reading in 6 foot intervals @ bore~ote. Increase reading frequency if elevated reponse read.· 

marks: .. 
. . 

u 
s 
c 
s 

Page -1- of _1_. 

30 Gpil A&c-O~E 
os . b' 02-

K. Simpson & T. Rojahn . 

Tony Strati 

Remarks 

• Reading (ppm 

ji'm!~r' 

lil~ill!:m(,.:",,;:· 
(J. 0 0 V 

Drilling Area .--_-, 
Background (ppm): I 0 I 

Converted to Well: Yes No X 
-'-'----

. Well 1.0. #: ...;.N_A-'--______ .,--__ _ 



SOIL SAMPLE LOG SHEET 

Project Site Name: 
Project No.: . 

IfhSurface Soil 
'S:.Subsurface Soil 
o Sediment 
o Other: 
o QA Sample Type: 

NSWC Crane, IN - Landfann 

GTO 19 job 1# 7393 SWMU 30 

. \ 

Pageiofi 

Sample 10 No.: 30 CP , I SeE- 6E\-«.. 
Sample Location: ...;;.30;;....c.:..:p~I...;;.( ___ _ 

Sampled By: K. Simpson & T. Rojahn 

C.O.C.No.: 

Type of Sample:-
[X] Low Concentration 
o High Concentration 

GQ~9~1~~~~.MiIP..t$~gMM~)~H~~~~~~\~~(«>HHV(~)?)/)~/ur/r~~~t/(~~~~~~~~U~:~~~t::)~:~:~~~y):U~\~~~:/:)~::~~~Y:~:< 

Date: Time Cell SubCell Depth (ft) Color Description (Sand, Silt, Clay; Moistur!!, etc.) 

6·c::'·OJ- ,<;'/£f (I. A. 0-4-' BttN t'IIOIC;-r-n2..~ooTS 
Method: & 5l~Tf Cl1\ Y 
f)f~ c. .<So~ GRAy f\1(:frr'UN1 

Monitor Readings \1/ D .,,-«. aye;.- ()JU)~ NQOG{l~ s 
. (Range in ppm): 0 1(, 'l. \) ~I £ ' ~ (5.,-,v\ l I 

Analysis 

. Metals: AI, Ca, Fe, Mg, Mn, K, Na, As, Ba, Be, Cd, 

. Cr-total, Co,Cu, Pb, Ni, Se, Ag, TI, V, Zn,Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN): r:J 

3 
.J::O . - DE PnI 

-;o~ It OOO( 

30c...:f If" OOO~ 

. 50C;P I \ O~04-

0),,0+· 

OePn/ 
O-O.,~I 

O.t;-::l...' . 
. I 
. J...- 4-

Container Requirements Collected Other 

TiMe
;010 

, bfC;--

Ib")...-o 

(1) 8 oz. Glass Laucks 

. See figure & sampling grid 

3> CQMP ~A-MP\~S . 
FfLO W\ r;-- LO dtT(ONS 

• 

• 

• 



. ( Il]Te"a Tech NUS, Inc.· BORING LOG 

PROJECT NAME: NSWC CRANE - Umdfarm . BORING NUMBER: 
. 6!l;.0JECT NUMBER: 
~RILLING COMPANY: 

RILLlN~ RIG: 

I Samp" Depth Blows I Sample 

No. (Fl.) 6· or Reeovetyl 
arid or RQO .Sample 

IType", Run (%) Length 
RQO No. 

. ~ 

V 1 

2 V 
3 V 
V U J<; 4 

V 5 

6 V ., 

7 V 
8 V 1/ 
9 V 
10 V V 
V 
V 
V 
V 
V 
V 

CTO 19 job # 7393 . DATE: 
Environmental Field Services GEOLOGIST: 

GooProbe 54 L T DRILLER: 

MATERIAL DES~RIPTION 
Ulhology 

!I~II,IIII IIII~IIIIIIIIII:~ ~ I ~,illlllllill Change 
(Depth 1Ft.) 

or 
Screened 

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

Inlerv .. 1 :'::::: 

W~[m :mmmm~. : . . r ·jjl·~j· . 
: ~j~~ 

... 

Mer') ~~ ~'L CLAY 
sl1ff 

~ , 

\ ~FfMi ~ fl.1\ 1ifftN . 
161 flA0-rrt lNtj 

, II ~ \ 

T t'L ).d~,<S7 
NO I.( \.~':s 

IJ . W 

I 

ITD=!}--

, 

• When rock coring. enter rock brokeness. 

.. In·clude monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse.read. 

u 
S 
C 
s . 

~L 

ltv 

e rks: ________________ ---.,.. _______ _ 

Page _, ~f _1_ 

30 c,p 1'"1- ~/:.> G,D.E) 
3·(:'·O·X 

K. Simpson & T Rojahn 
T S any trati 

I Reeding (ppm. 

1m 
. ,:::: 

;m1lj· 
Remarks . Ill- '? . 

~: . 

II,m·' :I~I: .:' 
MO\<"-r 

·Tft f{QJn 0 ()O 0 

( I 

11 I~II It " I~[t 

Drilling Area....-=,---. 
Background (ppm): I b. 

. Converted to Well: Yes No X ---- WeIlI.D. #:..:..N.::.A-=--________ _ 



Project Sit~ Name: 
Project No.: 

)f(Surface Soil 
~ Subsurface Soil 
U Sediment 
U Other: 
U QA Sample Type: 

. SOIL SAMPLE LOG SHEET 

NSWC Crane, IN - landfarm 

CTO 19 job # 7393SWMU 30 

Pageiof 1 
Sample 10 No.: 30 CP Il.. 
Sample Location: 30 CP 1:2.-----'------
Sampled By: K. SimpSon & T. Rojahn 

C.O.C. No.: 

Type of Sample: 
[X] , Low Concentration 

. U High Concentration 

$.Q~P:~1~1~AAi~41~MAt?~~~Hy«j\~>/~~~~1>~)r)\~1:<~/>~~<:nt1:?H/~~~~nH~~?j(~~)t~~~1~~<fY<~~~~~<»\~/?Uj~~~{ 

Date: Time Cell SubCeJI Depth (tt) Color· Description (Sand, Silt, Clay, Moisture, etC.) , 

"3 -.{,. () 1- Il\4O 1"J.-c A. 0 -~ ()RN 
, Method: 

Dr-r .c. 
S(~TY CLA'Y 

Monitor Readings ~/, ' D 
(Range in ppm): 0 . £, lli 

Analysis 

Metals: AI, Ca, Fe,Mg, Mn, K, Na, As, B'a, Be, Cd, 
Cr-tolal, Co, Cu, Pb, Ni, Se, Ag, TI, V, Zn, Hg, Sb 
Cr+6 and Cyanide, pH 

Sludge noted at this location (YIN) :~ 

TO 
b ~AMAt S· . 

0001 

QOOJ.-. 

01.. 0 '\-

Container,Requirements Collected Other 

(1) 8 oz. Glass laucks 

See rlgure & sampling grid 

S coMP. SI\-MPrt5 

ptQ.O M S-- UcA-nor<S 

• 

• 

• 



• 

APPENDIX C 

• CHAIN OF CUSTODY FORMS 

• 



~ETR~ TECH NUS; INC. CHAIN OF CUSTODY , ' el NUMBER' PAGE _'_' OF.-

PROJECT NO=#:"3 Cfs I SITE N,AME: {!.,A '-.-. 
,~I'1 7 , N~I(/C, C Nt., P~OJECT :tANAGER ~D PHO~ tiUMBER C, 0 

0'1(" CU\ :('(1 '121 70 ' LAB?RAJOfY. NAME AND HtTACP " ,j ",. ~' 
l. \Uw_ ~ ~ <.1c;F JJII( t. ,..~TT CE 

SAMPLERS (SIGNATURE) , FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

--J/~?~ I~ E \ n-l Sf ~\ I'X;:() N 4! 2. '12/ 8/")( 
CARRIERIWAYBILL NUMBER CITY, STATE 

rEOE~~ 8:180,74-028,13 ~"EATn(" L,v/A 
CONTAINER TYPE /&/ / / / L / / ( 
PLASTIC (P) or GLASS (G) 

STANDARD TAT 0 PRESERVATIVE fiY/////// RUSH TAT 0 USED' o 24 hr, 0 48 hr. o 72 hr. 0 7 day 0 14 day 
, 

(J) 

/4P ~ · ~ 
rx: w 

LANOF/\v(M , 
z 

.0 ;;;: 
0 ..... z 
0 S WN\ \,,( sO 6'u 0 

() >< -- 'u.. 
~~ 

a: ma. 0 
<,w TIME !;i: ~~ c:i <.v' u't: COMMENTS 0)- SAMPLE 10 ,:i '(!) () z 

l:)Ib 1.340 30sSo3 0001 :5 6- I I c...p'5 Av?C 

"~ 30 Ss 03 OOO~ S G- I \ ;t;E c.u 1\\ pc:;srr 
~ 1\ tv! 1)( E<:" 

\~<;O 3G S~ o~ OlO,\- S 6- ' I ,l 
14-0{) 30cf OG 0001 S tS I I -

14-10 30 c-P ob 000).. .5 6 ' I I --* 
(~~ 30 G P 00 0')...,04- 5 (;. I I 
/44' 30CP 11- 0001 5 (:, I f 

';~45Q 30C.P 12 ooo'l S (; I , 
* I 

~ ,30 CP1"."l. 0 J. 04- S G.- I \ 

'bIb 30-c...P I I 0001 S ,t;. I \ I 

Ib(~ ·30c,.P 1\ 000). S " I ' { -* 
Ib~O ~oc~ II, 0'1<>1- s ~,' \ \ AI.(NAl~O t\{~/MSI 

',V (XJJO fO Os060l03 .; ,,- I I 30 S 8 0+0-:104-
1.REUNQUISH~1,·~ ~ _ '?"O2 Tlr'b 3() 1, RECEIVED BYPCDE-:'(' DATE TIME 

2, RELINQUISHED BY 1 DATE TIME 2, RECEIVED BY DATE TIME 

3, RELINQUISHED BY DATE TIME 3, RECEIVED BY DATE TIME 
, 

I 

COMMENTS L Nlul.. S, SEE. AT"fAlf-IM(,,'rt. SI'tL. Fo,l"t S~\(CT (\'!(71\\'> U ~/I~~ Sf\"\P(C~ TC?B6 . Hc,-Q I 
_1t""-r_'~1 I"T'I"''''. 'All II ....... II\.,....,..."""allrtA .. IIE::C" ~1\~.4nl ~\ vel I f"'\\1H II:'IE::I n r-f"'\r"")V\ t"l11I:1l/ I~II ~ ,...""nv\ ," 1 "-I i h.1 """1''''7' ... ._-

~ORM NO, TtNUS-001 



@ TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER PAGE:J OF~ 

'-;l~ 5, .. ~~,~· 

en 

''A~ LANDrA{J. (v\ 
a: 

rl 
w z 

~# / < 0 I-

0 swML1 50 z ~~r:j 0 
c6 G'6 u x --
wa: ~ m~ . 

u. 
0 

~~ 
I- ~o /(,.,~/V / / / / / / / COMMENTS TIME. -< 0 

c>- SAMPLE 10 :E (!)U z 

.s & 

S I ~ I I I~ 
".-
'--

c 
c·I·\ I · I I I ' ~ 

$Oc.P05" 
S C. I \ 

. 

·S G- \ \ -1( 

S C .. l \ 
c I 
c t T \ 1 T I I I I' I 1-* 

E TIME 

DATE TIME 

TIME 3, RECEIVED BY DATE TIME 

,:,;L 



,' .. 
<. 

~ETRATECHNU~"INC .. CHAIN OF CUSTODY ....• NUMBER . I . PAGE l OF.--
. . 

PROJECT NO~ S 3 I SITE NAME: 
CTV_ I OJ ·7 cr t{%'c.. Ci<AN f- . 

P~JECT M~NAG~if~HONE NUMBER.! '4 ~ 
,u~ o· 4[1'12. B .1. 

LABORATOR'S NAME ~ND CONTAph . _ . 
(P\UL~ - .i..f'}f-! \.i'-mc( 

S~M?~IGNATURE) .~ . . 
FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

\lEIT11 <;1 (\-\P<;ON 4-\.:2 '121 Fj iS.I . -? . /.~~ CARRIERIWAYBILL NUMBER CITY, STATE 

(Et.X~ e) tjo 7402 B I'·s ·5E·ATTl( I..<'/A . CONTAINER TYPE /1$/ // / / / / .. PLASTIC (P) or GLASS !G) 
STANDARD TAT~ PRESERVATIVE AV/////// RUSH TAT o. USED o 24 hr. o 48 hr. o 72 hr. 07 day 0 14 day 

III 

0~/ LANOrAa .. ~\ 
a: 

rl 
.. .w 

z 

~~ :;( o· I-
0 5 L{; f\!\t,{ s0 z 
C'i' G'G' 0 

~~~ x u· .-- u. 
wa: .ii: ala.. 0 .... :.u ~ 
.~~ 

I- <:E 
TIME < 0::0 0 t..,~ ~ . COMMENTS c> . SAMPLE 10 ::E c>u z 7 

17 0000 F D 03(70).. ~ S c. I \ 3oc.P 10 000 I J 

l 0'13<' 3()CfIO 0001 S ·c. I \ 

Oq~ 3oc.f 10 OOOl S c.. I I ~ 
. (000 ·30 c- P '0 0)..04 S r· 

---- ) I f< ~ N 1'.''''' 0 
t'\\ c./ w. (,. D 

,.:' .k)~«"" 3QCP 65 000\ <;" C I I , 
, ,: IO~ 30 cP 03 0002 5 C I I '* .. 

I JOO 30 c.P 0 S 0104- 5 c \ / 
r~30 ~OSSO( ooof S G- t \ 
1'33) 305<)01 DO(} ). S C- \ I . -1( 
2,3t;" 

\ .0, 30 s{S 0 I oioq.. S G- \ ( 
I~S- 30CP ocr 000 I S C \ \ 

\"'> C;-Q sO cP ocr 0002 5 'c. \ \ -K f~r;,;~~~D 
~I r3r;C ~.$\) c. P oq .o?-0 q.. .s c l l , 

1. RELINQUISHED.s.v;!~ l.,g ~ .. ~ DA~· 3- ·0).. 1'~30 1. REC~~~'f- DATE TIME 

2. RELINQUISHED BY " DATE TIME 2. RECEIVED BY DATE TIME 

3. RELINQUISHED BY ' .. DATE TIME 3. RECEIVED BY DATE TIME . . 

COMMENTS -it ::; SA M P \ ES ~ 13'f If E l:iJ 
D,I.STRIBUTION. WHITE (ACCOMPANIES SAMPLE) YELLOW (FIELD COPY) 

--~ 

PINK (FILE COPY) 3/99 
. FORM NO. TtNUS-001 

I 



-

~ TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER I PAGE~OF r;-
. Pfl-C.N7"7 C f 

;.j.' 

en 

#~ LAr-J..DFIV~ rv\ 
0:: 

ri w , z 
0 :;;: 

I-
0 S'-'V tv ~ \..( sO z ~~ N 6"u 0 

u >< -- II. wo:: ~ coD. 0 1-< I- <~' 
0 A~- 0/ "'/" /, ~ / / / / / <w TIME < 0::0 COMMENTS 0)- SAMPLE 10 . ~ (!)U. Z c.:.. f. ~ 0 / . 

-:SO s S oc:;- ()OO f S C-
·:SO SS· O~ QOG). s Cr 
3 Q s 0> oS-' 020,,"", 5 G- -\ 

D 05070")', 03 I <S c I I II I I ' I I I I I 3 oc...p 08 000/ 

5 c 
S" eli I \ I I I I I I I I·~ 
s . c.. 
S c 
S c. I I T , I T I , , , , 

'* 

-rn ~'f tlf;;\.r) . 
PINK 



~TRATECH NU~: INC. 
-

PROJECT~ ~ 
cIV 19 7"S'1 

I SITE NAME: ~ ,-
KSWC. C Ii. N \:;' 

SAMPLERS (SIGNATURE) , 

'/~0/-'~ 

STANDARD TAT ~ 
RUSH TAT 0 o 24 hr. o 48 hr. o 72 hr. o 7 day 0 14 day 

rJ LA NDPA V( vv\ 
0 
'0 swM'-1 sO, (i 

wo:: ..... « -«w ' TIME 
'0> SAMPLE 10 

3/7 {)OOO , PO 07, 0701-, 0 c;-
I~ 10 Cp 01 QOO( 
I~I("' 'SO c.P 010 00 1.-
16).lJ 30 cp 0 ( 0201-
I\.S~ 30 S s 0 (, Ou o( 

(b~~ 305S 0 (, 000)... . 
V /6'3,5 30 5~ O~ 0204-

,II 17~\) -p.J~ O-~O 7 Cfl 0 ~ 

" 

1, RELINQUISHED B'7l ~'-.J,2A-.. 
2, RELINQUISHED BY , 

3, RELINQUISHED BY 

COMMENTS* '::' ,SA v\-\ vX (' <;, '--ro SE 
DlSTRIBUTION. ' WHITE (ACCOMPANIES SAMPLE) 

CHAIN OF CUSTODY _NUMBER PAGES-OF~ 
PROJECT ~NAGER AN~PHO~ ~MBER ~' 
«OC; c: clA(~ 92.j Fj4: / LA2J~RAT~~~AME A~f!j0t:lYfT: .-. 

l( -, ')' pJ?( f'\ 71 Ll 
FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

~'2t'TH 5( M .p~Of-{. ~Cl '11J 8 f '3 { , 
CARRIERIWAYBILL NUMBER CITY, STATE 

("(Dei< 8-:280 7+0.2. BII'S' seATTLE: l.</A 
CONTAINER TYPE /lr /~ /~ /'{ /~ /V' / / PLASTIC (P) or GLASS (G) 

PRESERVATIVE ,ft~~~Y~Y~~·/,/ USED 

>< 56 --0::' alQ. 
..... «:E « 0::0 
:E ,(,!)u 

S c-
S c-

s c 

S C-
S ~ 

S G-
5 "" ~ 

,f\~ G-

D~JJ. ~~ .0"2 
DATE 

DATE 

H (,0 \' 

In . ~A' 0:: 
W # ~,~ "v~ z 
< ..... 
z 
0 

~ ~ ~'- '<. q-, Q:J u 
(' 

LI.. \t., >\ v ,<" ~' :.:. 'i) \ f.6~ V '0 
,.I.(. ~ ~ \( COMMENTS 0 

!.,( ~U V 'V:t z 

\ ( :30 ,-po i 02cA-

\ \ 
\ \ ~ 
I \ 

\ \ 
, 

\ l -*' ' 
( \ 
7 - \ I \ :L ~ D;;~"'st~ 

. 

r~\) 1, RECE~~Y(,~ , , DATE TIME 

TIME' 2. RECEIVED BY DATE TIME 

TIME, 3, RECEIVED BY DATE TIME 

R3 WI\.I... CoVCl''l S\(C~ fOil CTO 19 IbD ~ 2o~ 
YELLOW (FIELD COPY) , PINK (FILE COPY) 3/99 

FORM NO, TtNUS-001 



[It] TETRA TECH NUS, INC. CHAIN OF CUSTODY I NUMBER . I PAGE_I_OFL 

LF5Sftjy~o# ""7S ~:s I ~J~J;,~E=aANt· PROJECT MANAGER~NDt'T<NE ~MBE~t. ( a QqE R eLI· t' . 12 .1 70q 0 LABOAATORr~~E AND C'HTA9-Tif 0 ._.-L. ·uc '. - LIb) I flEN1/Gc 

....... SAMP)~"r":L, . .. FIELD OPERATIONS LEADER AND PHONE NUMBER ADDRESS 

\~ E\ -n-I <;, (\,1 P<OI'-../ 4)). '121 81-3/ 
.. 

~\ .- ~ CARRIERIWAYBILL NUMBER CITY, STATE , ' 

(eO£! <;cl\':mE Lt.//J., 
CONTAINER .TYPE / // /./ /. / /1 PLASTIC (P}or GLASS (Gl 

STANDARD TAT I7l' PRESERVATIVE /// / // / /./: RUSH TAT 0 USED o 24 hr. 0 48 hr. o 72 hr. o 7 day 0 14 day 

LANOrl\~M 
en '. 'A~ . I 0::: 

rl 
w z 

0 
. S l.t/ v\t1 L.{ 

« 
SO I-0 z 

rl 0 

Ux~ .. (5"6 U x -- u. wo::: a: alc.. 0 I- <~ . <....'- ~ !;(~ TIME < 0:::0 d !., tl- COMMENTS 0)0 SAMPLE 10 ~ elU z 

ff) D8/\) . 30 cf 07 000 I ~ c I ( 

I ~81\). 30 cf'07 0002 5 c I I -* 
~' Ofj-;;;- 3.0 cP 07 020 + S c ·1 I 

-

" _ . 

.. 

.. 
1. RELlNQ4!§.!:J prs::-./_~ DATE TIME 1. RECEIVED BY F"':' V'" E X DATE TIME 

C '.) .' 
2. RELINQUISHED BY I , DATE TIME 2, RECEIVED BY DATE TIME 

3. RELINQUISHED BY DATE TIME 3. RECEIVED BY DATE TIME 

COt;JIMENTS 4( - Si\Me( c '{7) 6 ( I .. D . I ~N:- fl C: l .. 

WHITE (ACCOMPANIES SAMPLE) . . YELLOW ( COPY) PINK (FILE COPY) 3/99 



• 

APPENDIX D 

• DATA VALIDATION LETTERS· 

• 



• 

'. 

... 

Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: R. CLARK DATE: AUGUST 2, 2002 

FROM: ETHAN G. LEE COPIES: DV FILE 

SUBJECT: INORGANIC DATA VALIDATION - TAL METALS AN[) MISCELLANEOUS 
PARAMETERS, 

SAMPLES: 

OverView 

NSWC CRANE - CT0019 
SAMPLE DELIVERY GROUP (SDG) - T1903 

"\ 

7/S0lU 

30CP010001 
30SB060204 

1/AQUEOUSI 

RB03070203 

30CP010204 
30SS060001 

30CP070001 
FD03070205 

30CP070204 

The sample set for NSWC Crane, SDG T1903, consists of seven (7) soil environmental samples 
and one (1) aqueous rinsate blank. One (1) field duplicate pair (FD03070205 I 30CP010204) is 
included in this SDG. 

, The sar:nples were analyzed for TAL metals and miscellaneous parameters. The samples were 
collected by Tetra Tech NUS, March 7-8, 2002 and analyzed by Laucks Testing Laboratories. 
Aluminum, calcium, iron, magnesium, manganese, potassium, and sodium analyses were 
conducted using method SW846 , 601 OB. Mercury analyses, were, conducted using method 
SW846 7471A. All other metals analyses were conducted using method SW846 6020. 
Hexavalent chromium analyses were conducted using method SW846 7196A. Cyanide analyses 

'were conducted using method SW846 9012A. ,pH analyses were conducted using method 
SW846'9045C. Concentrations for antimony, barium, cadmium, copper, lead" selenium, silver, 
and thallium were diluted lOX. Concentrations for arsenic, beryllium, chromium, cobalt, nickel, 
vanadium, and zinc were diluted 20X. 

Metals analyses except mercury were conducted, u~ing 'Inductively Coupled Plasma (ICP) 
methodologies. Aluminum, calcium, iron, magnesium" manganeses, potassium, and sodium 
analyses were performed via ICP-Trace and all other metals analyses except mercury were, 
performed viaICP-MS. Mercury analyses were conducted using Manual Cold Vapor Atomic· 
Absorption (CVM) methodologies. 

These data were evaluated based on the following parameters: 

* • Data Completeness 
* • Holding Times .' Laboratory, Blank Analyses 

• Calibration Recoveries 
* • ICP Interference 

• Matrix Spike Results 



TO: CLARK, R. - PAGE 2 
DATE: AUGUSt 2, 2002 

* • Laboratory Duplicate Results 

• Field Duplicate Results 
• Laboratory Control Sample Results 
• ICP Serial Dilution Results 

* • . Sample Quantitation 
* .. DeteCtion Limits 

* - All quality control criteria were met for this parameter. 

Laboratory Blank Analyses 

The following contaminants were detected in the laboratory method/preparation blanks at the 
following maximum concentrations: 

Analyte 
Antimony(l) 
Barium(l} 
Calcium 
Chromium(l) 
Iron 
Lea.d(l) 
Magnesium 
Mercury 
Nickel(1) 
Potassium 
Silver1

) 

Sodium 
Zinc(l) 

Maximum 
Concentration 
0.11.1 mg/kg 
0.045 mg/kg 
31.7 ug/L 
0.027 mg/kg 
50.2 ug/L 
0.029mg/kg 
42.2 ug/L 
0.05 ug/L 
0.016 mg/kg 
46.2ug/L 
0.035 mg/kg 
235 ug/L 
0.211 mg/kg 

Action 
Level 
.0.56mg/kg 
0.23 mg/kg 
15.9 mg/kg 
0.135 mg/kg 
25.1 mg/kg 
0.145 mg/kg 
21.1 mg/kg 
0.05 mg/kg 
0.08 mg/kg 

.23.1 mg/kg 
0.175 mg/kg 
118mg/kg 
1.06mg/kg 

(1) Maximum conceritration found in laboratory preparation blank. 

Ail action level of 5>< the maximum concentration was used to evaluate the sample data for blank 
contamination. Sample aliquot, percent solids, and dilution factors, if applicable, were taken into 
consideration when evaluating for blank contamination. Positive results < Action Level were 
qualified (U) for antimony, mercury, silver, and sodium. Positive results > Action Level were 
·qualifiedas estimated (J). 

Calibration Noncompliance 

The calibration percent recovery (%R) for beryllium was above the control limit of 90-110%. 
Positive results (>IDL) were qualified as estimated.(J). . 

Matrix Spike Analysis 

The matrix spike %R for arsenic, calcium, magnesium, and sodium were less than the control 
limit of 75-125% and the sample results were <4X the spike added. Positive results were qualified 

. as estimated (J). Nondetects were qualified as estimated (UJ). 

The matrix spike %R for barium was greater than the control limit of 75-125% and the sample 
. result was <4X the spIke added .. Positive results were qualified as estimated (J) .. 

• 

• 

• 
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TO: 
DATE: 

CLARK, R. - PAG~ 3 
AUGUST 2, 2002 

The matrix spike %R for hexavalent chromium was less t~an the control limit of 75-125% 'and the 
sample results were <4X the spike added. Nondetects were qualified as rejected (UR) because 
standard reference materials (SRM's) yielded poor %R's.· 

Field Duplicate Analysis 

The Relative Percent Difference (RPD) for the field duplicate pair (FD03060203 / 30SB040204) 
for manganese was calculated to ·be ;>50%. Because both values were >5X CROL, positive 
results for manganese were qualified as estimated (J) in all soil samples. 

Laboratory ControlSainple Analysis 

The soil LCS %R for aluminum, magnesium, potassium, sodium, and zinc were .Iess than the 
control limits set by the EPA. Positive results (>IDL) were qualified as estimated (J). Nondetected 

· results «IDL) were qualified as estimated (UJ). 

The soil LCS %R for lead was greater than the cpntrol limits set by the EPA. P.ositive results 
(>IDl) were qualified as estimated (J). 

The aqueous LCS %Rfor zinc was greater than the control limit of 80-120%. Positive results 
(>IDL) were qualified as estimated (J). 

ICP Serial Dilution Analysis 

The Percent Differences (%D's) for barium, magnesium, manganese, and potassium were >10% 
and the initial sample results were >50X IDL. Positive results (>IDL) were qualified as estimated 
(J) for all soil samples. . . 

SRM / Laboratory Control Samples/Laboratory Performance ., 
Hexavalent chromium analyses in all soil samples except one have been rejected due to poor 
recoveries of the quality control Standard Reference Material (SRM). The basis of the rejection is 

· that the SRM is an independent certified standard (of known concentration)and is used to assess 
laboratory performance for a given analyti~al, parameter. The recoveries of the SRM, associated 
with Crane data, as determined by Laucks ranged from 1.2% to 12.6%. The acceptable minimum 
recovery defined in the QAPP is 50%. All results except in one sample were reported as 
non detected. The reporting limit provided by Laucks was approximately 2-3 mg/kg. 

As a result of the poor recoveries, an investigation on the SRM was conducted to determine 
. whether reduction of the hexavalent chromium ion to the trivalent chromium ion had occurred. In 

order to begin the investigation, Laucks Laboratory was contacted and provided the lot number of 
the SRM that was used fOr analysis. The manufacturer (ERA) of the SRM was also contacted 
and was asked to analyze the exact lot used by Laucks. ERA agreed to perform tests on the lot 
used by Laucks. 

ERA performed tests on the SRMin triplicate. The recoveries reported by ERA are as follows: 
37%,44%', and 34 %. The average concentration of hexavalent chromium reported by ERA was 
20.9 mg/kg. The certified concentration of the SRM was 54.5 mg/kg. 

The variance of the average concentration from the certified concentration raises three 
possibilities: (1) some reduction of the SRM.may have occurred over time thus accounting for the 
difference between the results; (2) the recovery is representative of the analytical procedure; or / 
(3) some combination of p()ints 1 & 2. However, despite the possibility of some hexavalent 

· chromium reduction and deficiencies in the analytical procedure, it is evidentthat hexavalent 
chromium is still present in the SRM at a sufficiently high concentration . 
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In addition to the tests conducted by ERA, Laucks conducted their own re4esting (5 tests) of the 
SRM and reported an average recovery of 35%. " 

Finally, upon review of the ERA results, it is my conclusion that although some reduction of the 
SRM may have occurred, the r.ecoveries reported by ERA indicate that the SRM contains "a 
sufficiently high concentration of hexavalentchro~ium upon which to conduct analysis. The SRM 
recoveries associated with the Crane analytical data are indicative of poor performance of the 
analytical procedure and cannot be attributed to the reduction of hexavalent chromium in the 
SRM. This is supported by the fact that the average recovery improved to 35% when. Laucks 
'conducted their own re-testing. Therefore, because it has been proven that the SRM had not . . 
reduced to a level beyond detection (concentration of hexavalent chromium >10X the reporting 
iimit} and that the recoveries of the SRM are poor, the data are not considered reliable and have' 
been rejected (UR). . 

The hexavalent chromium holding time limit of 4 days from extraction to analysis was exce.eded 
for all samples .. No qualification action was required because all results were rejected due to 
matrix spike and poor SRM recoveries. . 

The lOS AB solution %R's for arsenic, chromium, nickel, vanadium, and zinc were below the 
control limit of 80-110%. No qualification action was necessary because there were no iriterfering 
analytes present at significant con·centrations. 

• 

• 

• 
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CLARK, R. - PAGE 5 
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.Executive Summary 

Laboratory Performance: Several analytes were present in the laboratory method/preparation 
blanks. Beryllium was qualified due.to calibration noncompliance. Severalahalytes were qualified 
due to matrix spike. noncompliance. Several analytes were qualified due to laboratory control 
sample noncompliance. Hexavalent chromium was rejected due to poor SRM and matrix spike 
recoveries. 

Other Factors Affecting Data Quality: Manganese was qualified due to field duplicate 
noncompliance. Several analytes were qualified due to ICP serial dilution noncompliance. 

The data for these analyses were reviewed with reference'to the "National Functional Guidelines 
for Inorganic Review", Sept~mber 1993 and the NFESC docume~t entltled'''Navy IRCOQM'; 
'(September 1999). 

The text of this report has been formulated to address only those. problem areas affecting data 
quality. 

:"1 attest that the data referen.ced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

Tetra Tech NUS 
Ethan G. Lee 
Environmental Scientist 

~
- ... /' 

. . . 

---
etra Tech NU . 

Joseph A. Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Results 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation . 
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PROJ_NO: 7393 
SDG: T1903 MEDIA: SOIL DATA FRACTION: MiSe 

nsample 3.0CP010001 nsarhple 

samp_date 3/7/2002 samp_date 

labjd 0203160·02 lab_id 

qUype NM qc_type 

Pct.Solids 73.7 PcCSolids 
DUP_OF: DUP,;"OF: 

Parameter units Result Val Qual Parameter 
Qual· Code 

CYANIDE MG/KG 0.7 U CYANIDE 

HEXAVALENT CHROMIUM MG/KG 3 UR DQ HEXAVALENT CHROMIUM 

PH SU· 6.2 I PH 
----- ------

Page 1 of 3 ... [7.02 2:58:42 PM) 

30CP010204 

31712002 

0203160·03 

NM 

81.3 

units Result Val Qual 
Qual Code 

MG/KG 0.6 ·U 

MG/KG 2 UR DQ 

SU 5.0 
------

• 

nsainple 

samp_date 

lab_id 

qc_type 

Pct~Solids 
DUP_OF: 

Parameter· 

CYANIDE 

HEXAVALENT CHROMIUM 

PH 
-----

30cpoi 0204·D 

3/7/2002 

0203160·01 

NM 

80.8 

30CP010204 

units Result 

MG/KG 0.6 

MG/KG 2 

SU 5.1 

Val 
Qual 

U 

UR 

• 

Qual 
Code 

DQ 



PROJ_NO. 7393 • • SDG: T1903 MEDIA: SOIL DATA FRACTION: MISC 

nsample 30CP070001 nsample 30CP070204 nsampl.9. 30S8060204 

samp_date . 3/8/2002 samp_date 3/8/2002 samp_date 3/7/2002 
·Iabjd 0203218-01 labjd 0203218-02 . lab_ld· 0203160-05 

qc_type NM qc:..type NM qc_type . NM 

P~CSolids 74.9 PcCSolids 82.4 Pct_Solids 84.4 

OUP_OF: DUP_OF: OUP_OF: 

Parameter units Result Val Qual Param.eter units Result Val Qual Parameter units Result Val Qual 
Qual Code Qual Code Qual Code .-

CYANIDE MG/KG 0.7 U CYANIDE MG/KG 0.6 U CYANIDE MG/KG 0.5 U 

HEXAVALENT CHROMIUM MG/KG 3 UR DQ HEXAVALENT CHROMIUM MG/KG 2 UR DQ HEXAVALENT CHROMIUM MG/KG 2 UR DQ 

PH SU 7.6 PH SU 7.2 PH SU 7;6 
- _.-

Page 2 of 3 [7/2S/200~ 2:58:42. PM) 



PROJ_NO: 7393 
SDG: T1903 MEDIA: SOIL DATA' FRACTION: Mise 

nsample' 30SS060001 

sanip..;date 3/7/2002 

labJd 0203160-04 

qc_type NM 

PcLSolids 80.1 
DUP_OF: . 

Parameter units Result Val Qual 
Qual Code 

CYANIDE MG/KG 0.6 U 
" 

HEXAVALENT CHROMIUM MG/KG 2 UR DQ 

PH SU 7.9 

Page 3 of 3 [7/25/2002 2:58:43 PM] e e. e 



PROJ __ 7393 • • SDG: T1903 MEDIA: SOIL DATA FRACTION: M 

nsample 30CP010001 . nsample 30CP010204 nsample 30CP070001 

samp_date 317/02 samp_date 317/02 samp_date 3/8/02 

labjd 02031' 60-02 labjd 0203160-03 . lab_id 0203218-01 

qUype NM qc;..tYpe NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

PCCSolids 73.7. PcCSolids 81.3 PcCSolids 74.9 

DUP_OF: . DUP_OF: DUP .,:OF: 

Parameter Result ValQual QualCode Parameter Result . ValQual QualCode Parameter Result ValQual QualCode 

ALUMINUM 12400 J E ALUMINUM . 17300 J .' E ALUMINUM 18500 J E 

ANTIMONy 1.0 U A ANTIMONY 3.0 U A ANTIMONY 1.1 U A 

ARSENIC 11.2 J 0 ARSENIC 9.8 J D ARSENIC 13.2 J D 

BARIUM 110 J ADI BARIUM' 75.9 J ADI BARIUM 86.4 J ADI 

BERYLLIUM 0.99 J C BERYLLIUM 0.65 J C BERYLLIUM 0.76 J C 

CADMIUM 
/ .. 0.81 CADMIUM 0:66 U CADMIUM 0.78 .U I 

CALCIUM. 1980 
--

J AD CALCIUM 526 J AD CALCIUM 2740 J AD' 

CHROMIUM 27.9 J . A CHROMIUM. 24.5 J A CHROMIUM 29.0 J A 

COBALT -12.4 COBALT 6.2 COBALT 5.2 

COPPER 13.5 COPPER 20.3 COPPER 23.4 

IRON 25200 J A IRON 26100 J A IRON 26500 J A 

LEAD 25.8 J AE LEAD 17.7 . J AE LEAD 18.7 J AE 

MAGNESIUM- 1260 J ADEI MAGNESIUM 2660 J ADEI MAGNESIUM 2600 J ADEll 

MANGANESE 994 J GI MANGANESE 232 J GI MANGANESE 189 J .. <31 
MERC.URY 0.054 U A MERCURY 0.023 U A MERCURY 0.055 U A 

NICKEL 14.6 J A NICKEL 13.9 J A NICKEL 14.8· J A 

POTASSIUM 980 J AEI POTASSIUM 1550 . J AEI POTASSIUM 1550 J AEI 

SELEN.IUM 0.60 SELENIUM 0.38 U SELENIUM 0.57 

SILVER 2.2 U A SILVER 0.09 U SILVER 0.38 U A 

SODIUM 7 .. 1 UJ . DE SODIUM .17.1 U A SODIUM 8.0 UJ DE 

THALLIUM 0.27 THALLIUM 0.30 THALLIUM 0.37 

VANADIUM 45.0 VANADIUM 45.5 VANADIUM 54.7 

ZINC' 56.9 J AE ZINC 53.2 J AE ZINC 67.5 J AE 

Page 1 of 3 [5/29/02 4:21 :44 PM] 



PROJ:..,.NO.: . ;'. 7393 
SDG: T1903 MEDIA: SOIL DATA FRACTION:M 

nsample 30CP070204 nsample 

samp_date 3/8/02 samp_date 

lab_id 0203218-02 labjd 

qc_type· NM qc_type 

units MG/KG· units 

Pct_Solids 82.4 PcCSolids. 

DUP_OF: DUP_OF: 

Parameter Result ValQual QualCode Parameter 

ALUMINUM 13500 J E ALUMINUM 

ANTIMONY 0.75 U A ANTIMONY 

ARSENIC 8.1 J D ARSENIC 

BARIUM 84.4 . J ADI BARIUM 

BERYLLIUM 0.83 J C BERYLLIUM 

CADMIUM 0.62 U CADMIUM 

CALCIUM 538 J AD CALCIUM 

CHROMIUM 27.7 J A CHROMIUM 
COBALT· - 6;8 I COBALT 

COPPER 15.6 I COPPER 

IRON 33000 J AI IRON· 

LEAD ·18.2 J AE LEAD 

MAGNESIUM 2090 J ADEI MAGNESIUM 

MANGANESE 248 J GI MANGANESE 

MERCURY. 0.010 U MERCURY 

NICKEL 13.5 J A NICKEL ) 
POTASSIUM 1040 J AEI POTASSIUM 

SELENIUM 0.35 U SELENIUM· 

SILVER 0.10 U AI SILVER 

SODIUM 25;8 U A SODIUM 

THALliUM 0.22 THALLIUM 

VANADIUM 45.7 VANADIUM 

ZINC ··44.4 J AE ZINC ----- ------------ -- --------- ---

Page 2 of 3 ./02 4:21 :44 PM] 

30SB060204 nsample 

317/02 samp_date 

0203160-.05 .Iab_id 

NM qc_type 

MGlKG units, 

84.4 PcCSolids 

DUP_OF: . 

Result . Val Qual QualCode Parameter 

13600 J E ALUMINUM 

0.90 U . A ANTIMONY 

5.3 J D ARSENIC. 

73.0 J ADI BARIUM 

0.97 J cj BERYLLIUM 

0.61 U CADMIUM 

1430 J AD CALCIUM 

26.9 J A CHROMIUM 

6.4 COBALT 

11.4 COPPER 

28500 J ·A IRON 

17.9 J AE LEAD 

.1370 J ADEI: MAGNESIUM· 

263 J GI! MANGANESE 

0.010 U AI MERCURY 

11.4 J A NICKEL 

982 J AEI POTASSIUM 

0.35 U SELENIUM 

0.09 U SILVER 

8.0 U A SODIUM 

0.19 THALLIUM 

44.8 i 
VANADIUM 

33.4 J AEI ZINC ----

• 

30SS060001 

3/7/02 

0203160-04 

NM 
MG/KG 

80: 1 

Result ValQual 

14600 J. 
104 U 

7.3 J 
110 J 

0.75 J 
0.73 U 

12500 J 
23.0 J 

7.4 

15.1 

18500 J 
16.9 J 

2490 J 
628 . J 

0.023 U 

14.0 J 
1300 J 
0.42 U 

0.10 U 

25.4 U 

0.29 

40.7 

48.8 J 

• 

QualCode 

E 

A 

D 

ADI 

C 

AD: 
A' 

A 

AE 

ADEI 

GI 

A 

A 

AEI 

. A 

AE 



PROJ_N. '. 7393 
SDG: 1\903 MEDIA: SOIL DATA FRACTION: M 

nsample 

samp_date 

labjd 

qc_type 

units 

PcCSolids 

DUP_OF: 

parameter 

FD0307Q205 

3f7102 

0203160-01 

NM 

MGIKG 

80.8 

30CP010204 

Result ValQiJal QualCode 

ALUMINUM' 19900 J . E 

ANTIMONY 0.75 'U A 

ARSENIC 7.5 J 0 
BARIUM 92.0 J ADI 

BERYLLIUM 0.63 J C 

CADMIUM 0.67 U 

CALCIUM 629 J AD 

CHROMIUM 27.2 J A 

COBALT 5.2 

COPPER 19.8 

IRON 23700 J A 

LEAD' 13.6 J AE 

MAGNESIUM 2860 J ADEI 

MANGANESE 137 . J GI 

MERCURY 0.031 U ·A 

NICKEL 14.0 J A 

POTASSIUM 1700 J AEI 

SELENIUM . 0.38 U 

SILVER 0;29 U A 

SODIWM 27.1 U A 

THALLIUM 0.36 

VANADIUM 44.0 

,ZINC 57.3 J AE 

Page 3 of 3 [5/29/02 4:21 :44 PM] 
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SDG: T1903 MEDIA:'WATER DATA FRACTION: fy1 ..... 

nsample RB03070203 

samp_date 3n102 
lab_id 0203160-06 

qc_type NM 

units UG/l 

PcCSolids 0 

DUP_OF: 

Parameter Result ValQual QualCode 

ALUMINUM 4.1 

ANTIMONY 0.11 

ARSENIC 0.20 U 

BARIUM 0.36 

BERYLLIUM 0.10 U 

CADMIUM 0.70 U 

CALCIUM 24.0 U 

CHROMIUM 0.39 i 

COBALT 0.10 U 

COPPER 0.15 

IRON 40.0 U 

lEAD 0.10 U 

MAGNESIUM 12.4 

MANGANESE 2.1 U 

MERCURY 0.040 U 

NicKEL 0.12 

POTASSIUM 13.5 

SELENIUM 0.40 U 

SilVER 0.13 

SODIUM 35.7 

THALLIUM 0.10 U 

VANADIUM 0.10 U 

ZINC . '2.2 ~ £' 

,.-' 

Page 1 of 1 ~/02 12:10:54 PM] 
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. PROJ __ 7393 
SDG: T1903 MEDIA: WATER DATA FRACT!ON: MISC 

nsample 

samp_date 

lab_id 

qc_type 

units 

PcCSolids 

DUP_OF: 

RB03070203 

3/7/2002. 

0203160·06 

NM 

MG/L 

o 

~~--~ - --- ----------- ------- ------ --------- ----- ------

Parameter 
.. 
'. Result ValQual QualCode 

CYANIDE 0.01 UJ H 

HEXAVALENT CHROMIUM 0.005 U 

PH 5.2 
-~ -_ .. _------

Page 1 of 1 [5/13/20021:50:10 PM] 
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TO: 

FROM: 

SUBJECT: 

SAMPLES: 

OverView 
, ' 

Tetra tech NUS . INTERNAL CORRESPONDENCE 

R. CLARK DATE: AUGUST 2, 2002 

REBEKAH A. HAYNIE COPIES: DV FILE 

INORGANIC DATA VALIDATION,- TAL METALS AND MISCELLANEOUS 
PARAMETERS 
CTO-019 NSWC CRANE, 
SAMPLE DELIVERY GROUP (SDG) - T1902 

2/Aqueous/ 

RBo.3o.7o.2o.1 

17/Soil/ 

3o.C'Po.2o.o.o.1 
3o.CPo.3o.2o.4 
3o.CPo.9o.Oo.1 
3o.CP1o.o.204 
3o.SSo.1o.o.o.1 
FD03o.7o.2o.3 

RBo.3o.7o.2o.2 

3o.CP02o.2o.4 
3o.CPo.80o.o.1 
3o.CPo.9o.2o.4 
3o.SBo.102o.4 
3o.SSo.5o.o.o.1 
FDo.3o.7o.2o.4 

3o.CPo.3o.o.o.1 
3o.CPo.8o.2o.4 
3o.CP1o.o.o.o.1 
3o.SB,o.5o.2o.4 
FDo.3o.7o.2o.2 

The sample set for CTO 0.19, NSWC Crane, SDG T19o.2, consists of two (2) aqueous rinsate, 
samples and seventeen (17) soil environmental samples. There are three (3) soil field duplicate, 
pair (FD03o.7o.202 / 3o.CP1o.o.o.o.1, FDo.3o.702o.3 / 3o.CPo.8Qo.o.1, FDo.3o.7o.2o.4 / 3o.CPo.2o.o.o.1) 
inCluded within this SDG. 

All samples were analyzed 'for cyanide, hexavalent chromium, pH, and target analyte list (TAL) 
metals. Aluminum, calcium, iron, magnesium, manganese, potassium and sodium analyses were 
conducted using SW-846 methods 6o.1o.B. Mercury analyses were conducted using SW-846 . 
method 7471. All other: metals analyses were conducted uSing'SW-846 method'6o.2o.. Analyses 
for hexavalent chromium and cyanide were conducted using SW 846 methods 7196A and 9o.12A, 
respectively. Soil samples were analYzed for pH' using SW 846 method 9o.45C; while aqueous 
samples were analyzed for pH by EPA method 150.-1. The samples'were collected by TetraTech 
NUS on Marth 7, 20.0.2 and analyzed by Laucks Testin'g Laboratory under Naval Facilities 
Engineering Service Center (NFESC) Quality Assurance/Quality Contr~I(QNQC) criteria. 

Mercury analyses Were conducted using Cold Vapor Atomic Absorption (CVAA) methodologies. 
Aluminum, 'calcium, iron, magnesium, manganese, potassium, and sodium analyses were 
conducted using Inductively Coupled Plasma (ICP) methodolgies while all other metals analyses 
were conducted using ICP- Mass Spectrometry (ICP':'MS) methodologies. 

These data were evaluated based on the following parameters: 

• Data Completeness 
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• Holding Times 
• \ Calibration Recoveries ., Laboratory Blank.Analyses 
• Laboratory Control Sample Resuits 

* • ICP Interference Check Sample Results 
• Matrix Spike Recoveries 
• Field Duplicate Results 
• Laboratory puplicate Results 
• ICP Serial Dilution Results 

* • Detection Limits 

*- All quality control criteria were met for this parameter. 

Laboratory· Blank Analyses 

The following contaminants were detected in the laboratory soil method/preparation blanks at the 
following maximum concentrations: 

Maximum Action 
Analyte Concentration Level 
Antimon() 0.116 mglkg 0.58 mg/kg 
Barium(1 0.03 mg/kg 0.15 mg/kg 
Calcium(l) 3.725 mg/kg 18.625 mg/k9 
Chromium(1) 0.019 mg/kg 0.095 mg/kg 
Iron (1) . 11.582 mg/kg 57.91 mg/kg 
Lead(l) 0.019 mg/kg 0.095 mg/kg 
Magnesium· 29.9 ~g/L 14.95 mg/kg 
Manganese(l) 0.311 mg/kg 1.555 mg/kg 
Nickel(l) 0.011 mg/kg 0:055 mg/kg 
Potassium . 74.9 ~g/L 37.45 mg/kg 
Sodium . 652.6 Ilg/L 326.3mg/kg 
Zinc(1) 0,361 mg/kg 1.805 mg/kg 

(1) Maximum· concentration found in a soil preparation blank. 

An action level of 5X the rriaximum concentration was used· to evaluate the sample data for 
blank. contamination. Sample aliquot, percent solids and dilution factors were taken into· 
consideration when evaluating for blank contamination. Positive results for antimony, 
calcium, magnesium, and potassium that are greater than the blank action levels and less· 

. than 5X CRDL were qualified as estimated, uJ", due to blank contamination. Positive results 
for antimony ~mdsodium that are less than the blank action levels were qualified,."U", due to 
blank contamination. 

Calibration Recoveries 

Continuing calibration verification (CCV) recovery non-compliance (%R > 110) was noted for 
beryllium. All positive sample results were qualified as estimated, U J". 

Matiix Spike Recoveries 

The Matrix Spike (MS) percent recovery (%R)"for arsenic, magnesium, potassium, lead, sodium, 
and vanadium was <75% quality control limit, affecting the soil matrix: Positive results reported 

• 

• 

• 
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for arsenic, lead, magnesium, potassium,and vanadium were estimated; uJ". 
The MS %R for hexavalent chromium was poor (0%), affecting the soil matrix. Be~ause the 

... , standard reference material (SRM) %R was also poor (11 %), hexavalent chromium results were 
rejected, OUR". . 

· SRM/Laboratory Control Sampl Results 

LCS recovery non-compliance (recovery> the upper control limit) was noted for cadmium, 
selenium; and zinc, affecting the soil matrix. Positive results were estimated, U J", while rion
detected results reported for cadmium and selenium were estimated, "UJ". 

LCS recoverynon-complialice (%R > 120%) was noted for zinc, affecting the aqueous matrix .. 
Positive results were estimated, "J". 

Hexavalent chromium analyses in all soil samples except one have been rejected due to poor 
recoveries of the quality control Standard Reference Material (SRM). The basis of the rejection is 

· that the SRM is an independent certified standard (of known concentration) and is used to assess· 
laboratory performan~ for a given analytical paramet~r. The recoveries of the SRM, associated 
with Crane data, as determined by Laucks ranged from 1.2%to 12.6%. The acceptable minimum 
recovery defined in the QAPP is 50%. All results except i.none sample were reported as 
·nondetected. The reporting limit provided by Laucks was approximately 2-3 mg/kg. 

As a result of the· poor recoveries, an investigation on the SRM was conducted to determine 
whether reduction of the hexavalent chromium ion to the trivalent chromium ion had occurred. In 
order to begin tt)e investigation, Laucks Laboratory was contacted and provided the lot number of . 
the SRM that was used for analysis. The manufacturer (ERA) of the SRMwas also contacted 
and was asked fo analyze the exact lot used by Laucks. ERA agreed to perform tests on the lot 

· used by Laucks. 

ERA performed tests on the SRM in triplicate. The recoveries reported by ERA are as follows: 
37%, 44%, and 34 %. The average concentration of hexavalent chromium reported by ERA was 
20.9 mg/kg. The certified concentration of the SRM was 54.5 mg/kg. 

The variance of the average concentration from the certified concentration raises three 
possibilities: (1) some reduction of the SRM may have occurred over time thus accounting for the 
difference between the results; (2) the recovery is representative of the analytical procedure; or 
(3) some. combination of points 1 & 2. However, despite the possibility of some hexavalent . 
chromium reduction and deficiencies in the analytical procedure, it is evident that hexavalent 
chromium is still present in the SRM at a sufficiently high concentration. 

. . 

.In addition to the tests conducted by ERA, Laucks conducted their own re-testing(5 tests) of the 
SRM and reported an average recovery of35%. 

Finally, upon review of the ERA results, iris my conclusion that although some reduction ofthe 
SRM may have occurred, the recoveries reported by ERA indicate that the SRM contains a 
suffiCiently high concentration of hexavalent chromium upon which to conduct analysis .. The SRM 

· recoveries associated with the Crane analytical data are indicative of poor performance of the 
analytical procedure and cannot be attributed to the reduction of hexavalent chromium in the 

· SRM. This is supported by the fact that the average recovery improvedrto 35% when Laucks 
conducted their own te-testing. Therefore, because it has been proven that the SRM had not 

· reduced to a level beyond detection (concentration of hexavalent chromium >10X the reporting 
limit) and that the. recoveries of the SRM are poor, the data are not considered reliable and have 
been rejected (UR). . 
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ICP Serial Dilution Results 

Serial dilution non-compliance(%D > 10%) was noted for magnesium, manganese, and 
potassium, affecting the soil matrix. Positive results were estimated, "J". 

Laboratory Duplicate Results 

Laboratory duplicate imprecision (% RPD > 35%) was noted for arsenic and iron, affecting the soil 
matrix. Positive results reported for arsenic and iron were e'stimated, "J". 

Field Duplicate Results 

Field duplicate imprecision (%RPD > 50%) was nqtedfor antimony, arsenic, beryllium, cadmium, 
calcium, cobalt, iron, silver, and vanadium, affecting the soil matrix. Positive results were qualified 
as estimated, "J" . 

. Notes 

The ContraCt Required Detection Limit (CRDL) %Rs for arsenic and antimony were < 90% quality 
control limit Additionally; %Rs for barium, beryllium, and zinc were> 110%. No'validation action 
was required per regional guidance. 

The interfering analytes aluminum, calcium, and iron were present in several soil samples at 
concentrations comparable to the levels' in the interference check sample solution. However, 

• 

when calculated (see attached sheet), interference affects did not exist and validation action was • 
not necessary. 

Sample results for antimony, barium, cadmium, copper, lead, selenium, silver, and thallium 
underwent 10 X dilutions. 

Sample results for arsenic, beryllium, chromium, cobalt, nickel, vanadium, and zinc underwent 20 
X dilutions.' . 

Executive Summary 

Laboratory Performance: Several analytes were present in the laboratory method. blanks, 
affecting the soil matrix. Calibration recoveries required qualification. of soil beryllium results. 
Laboratory duplicatesnon-compliance was noted for arsenic and iron affecting the soil matrix. 
Laboratory control sample recovery non-compliance was noted for several analytes, affecting both· 
the aqueous and soil matrices. . 

Other Factors Affecting Data Quality: MS noncompliance was noted affecting the soil matrix. 
Serial dilution non-compliance was noted for magnesium, manganese, and potassium, affecting 
the soil matrix. ·Field duplicate RPD non-compliance was noted for several analytes, affecting the 
soil matrix. 

! The data for these analyses were reviewed with reference to the "National Functional Guidelines 
for Inorganic Review", February 1994, the"Region 5 SOP for validation of inorganic data", 
. September 1993, and the NFESC' document entitled "Navy IRCDQM", September 1999 . 

. The text of this report has been formulated to address only those problem areas affecting data 
quality. • 
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"I attest that the data referenced herein were validated according. to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." 

. \ 

~ JOSeP:samc:k 
Quality Assurance Officer 

.. Attachments: 

1. Appendix A - Qualified Analytical Results 
2. AppendixB - Results asn~ported by the Laboratory 
3. Appendix C- Support Documentation 
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Qualifier Codes: 

A 

a 
·c 
·0 

£ 

F 

·6 
,H 

1 

.J 

K 

:l 

M 

N 

N01 

N02 

N03 

0 
,p 

:0 

.'R 

S 

T 

U 

V 

W 

x 
y 
z 

= Lab Blank Contamination 

= Field Blank Contamination 

- Calibr~ti~n (i.e:, .% RSOs, %OS, ICVs, CCVs, RrOs, RRFsj :etc.) NQncompliance 

= MS/MSO NQncompliance 

= LCSIlCSD N~mpliailce 

- ,-ab DupliCate Imprecision . 

. - Reid Duplicate. Imprecision 

== Holding Time Exceedance . 

== fCP Serial Dilution NQnCompliance 
. .' ." 

- GFAA POS· - (iFAA MSA's r < 0.995 
,. - . 

= 'ICPlnterference -·include ICSAB % R's 

. ·";'tnstf1,Jment Calibration HangeEx~ance 

= Sample Preservation . 

= '1ntemal Standard NQncompli~nce 

= Internal Standard Noncompliance OiQxins 

= . Recovery Standard NQncompliance OiQxins' 

-. Clean-up Standard NoncOmpliance Dioxins 

. - . Poo; Instrument PerfQrmance (i.e., basErtime drifting) 

= . Uncertainty oear detectiQn limit « 2 x .til fQr inQrgailics arid. <CROt. fQrQrganiCs) 

== Other problems (can encompass a number .of issues) 

= Surrogates RecoverY NQncompliance 

= Pesticide/PCB ResQlutiQn . 

= % Breakdown NQncompliance fQrOOT and Endrjn . 
. ," . 

= PestIPCO% between rolumnsfQr pOsitive results' 

= Non-linear calibratiQns, luning r < 0.995 '(cOrrelatio·n coefficient) 

= EMPC result 

= Signal tQ nQise respOnse drop 
= Percent SQlids' <300/C; 
= ' Uncert~inty at 2 sigma deviation is lesS ~an sample activity 

.' 



PROJ_NO: 7393 
SDG: T1902 MEDIA: SOIL DATA FRACTION: Iv! 

nsample 30CP020001 nsample 30CP02.o204 nsample 30CP030001 
samp_date 317102 samp.:.date 3/7102 samp_date 3/7102 

labjd 0203159·15 labjd 0203159·16 lab_id ,0203159·04 
qc_type ' NM qc:.Jype' NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

PcCSolids 74.4 Pct-Solids 79.4 PcCSOlids 76.2 
DUP_OF: DUP_OF: DUP_OF: 

Parameter Result ValQual QualCode Parameter Result ValQual QualCode Parameter Result Val Qual QualCode 

ALUMINUM 11300 ALUMINUM 197QO ALUMINUM 20600 

ANTIMONY 3,8 . U A ANTIMONY 0.58 U A ANTIMONY 3.8 U A 

ARSENIC 5.9 J DFG ARSENIC 8.7 J DFG ARSENIC 9.6 J DFG 

BARIUM 114 BARIUM 80.3 BARIUM 81.1 

BERYLLIUM 
, 

0.86 J CG BERYLLiUM 0.80 J CG BERYLLIUM 0.68 J CG 

CADMIUM 0.71 UJ EG CAQMIUM 0.72 J . EG CADMIUM 0.69 UJ EG 

CALCIUM 5170 J G CALCIUM 821 J AG CALCIUM 1910 J AG 

CHROMIUM 16.6 CHROMIUM 27.2 CHROMIUM 25.5 

COBALT 12.8 J G COBALT 6.2 J G COBALT 11.6 J G 

COPPER 14.2 COPPER 17.2 COPPER 14.9 

IRON 13700 . J FG IRON 287QO J FG IRON 23800 J FG 

LEAD 19.2 J 0 LEAD 13.7 J 0 LEAD ) 14.3 ' J D 

MAGNESIUM 1180 J ADI MAGNESIUM 2970 J 01 MAGNESIUM 2390 J ADI 

MANGANESE 1190 J I MANGANESE 212 J I MANGANESE 403 J I 

MERCURY 0.11 MERCURY 0.01 U MERCURY 0.05 
NICKEL 14.3 NICKEL 15.2 NICKEL 16.1 

POTASSIUM 816 J ADI POTASSIUM 1710 J ADI POTASSIUM 1720 J .ADI .' 
SELENIUM 0.48 J E SELENIUM '- 0.39 UJ E SELENIUM 0.39 UJ E 

SILVER 4.4 J G SILVER 0.10 J G SILVER 0.75 J G 

SODIUM 71.7 U A SODIUM 186 U A SODIUM 98.9 U A 

THALLIUM 0.21 THALLIUM 0~25 THALLIUM 0.35 

VANADIUM 27.9 J DG VANADIUM 47.4 J DG VANADIUM 48,6 J DG 
,ZINC 60.5 J E 

----
ZINC' 53.7 J E ZINC 64.5 J EJ 

---- -----.--:....~-
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PROJ.;. 7393' • •• 
SDG:T1902 MEDIA: SOIL DATA FRACTION: M 

nsample 30CP030204 nsample 30CP080001 'nsample 30CP080204 

samp_date 317102 samp_date 317102 samp_date 317102 
lab_id 0203159·05 lab_id 0203159·13 lab_id 0203159·14 

qc_type . NM qc_type NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

PcLSolids 82.7 PcLSolids 77.5 Pct_Solids 77.5 

DUP_OF: DUP_OF: 'DUP_OF: 

Parameter . Result ValQual QualCode Parameter Result ValQual QualCode Parameter Result ValQual QualCode 

ALUMINUM 18800 ALUMINUM 14700 ALUMINUM 17900 

ANTIMONY 1.4 U A ANTIMONY 6.0 J AG ANTIMONY 0.92 U A 

ARSENIC 6:3 J DFG ARSENIC 5.3 J DFG ARSENIC. 7.4 J DFG 

BARIUM 72.2 BARIUM 144 BARIUM 90.3 

BERYLLIUM 0.97 J CG BERYLLIUM 0.82 J CG BERYLLIUM 0.76 J CG 

CADMIUM . 0.64 UJ EG CADMIUM 0.96 . J EG CADMIUM 0.66 UJ EG 

CALCIUM 726 J AG CALCIUM 39700 J G CALCIUM 1200 J AG 

CHROMIUM 27.8 CHROMIUM 19.3 CHROMIUM 25.9 

COBALT 6.8 J G COBALT 13.9 J G COBALT 6.9 J G 

COPPER 13.7 COPPER 20.2 COPPER 16.2 

IRON 28500 J FG IRON 12900 . J FG IRON 26000 J FG 

LEAD 11.8 J D LEAP 19.0 J D LEAD 13.9 J D 

MAGNESIUM 2370 J ADI MAGNESIUM 2500 J 01 MAGNESIUM 2680 J 01 
MANGANESE 202 

-
J I MANGANESE '1350 J I MANGANESE 243 J I 

MERCURy 0.01 MERCURY 0.26 MERCURY 0.03 -
NICKEL 17.7 - NICKEL \. 17.1 NICKEL 15.7 

POTASSIUM 1320 J ADI POTASSIUM 1400 J ADI POTASSIUM. 1460 J ADI 

SELENIUM 0.37 UJ E SELENIUM 0.47 J E SELENIUM 0.38 UJ 'E 
SILVEFI .' 0.11 J G SILVER' 10.6 :J G SILVER 0.09 UJ G 

SODIUM 174 U A SODIUM 94.7 U A SODIUM 108 U A 

THALLIUM 0.22 THALLIUM 0.23 THALLIUM 0.23 

VANADJUM 41.8 J DG VANADIUM ~ 30.0 J DG VANADIUM 44.5 J DG 

ZINC· 47.3 J E 
---- -------

ZINC 73.0 .J E I ____________________________ - -----
ZINC 52.5 J E 
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. PROd_NO: 7393 
·SDG: T1902 MEDIA: SOIL DATA FRACTION: M. 

nsample 30CP090001 nsample 30CP090204 nsample 30CP100001 

samp_date 317102 samp_date 3/7102 samp:..date ·3/7102 

lab_id 0203159-08 labJd 0203159-09 labjd - 0203159-02 

qc_type NM qc_type NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

Pct_Solids 75.4 PcLSolids 81.8 PcLSolids 63.4 

DUP..:OF: DUP_OF: DUP _OF: 

Parameter Result ValQual QualCode Parameter Result ValQual QualCode Parameter· Result ValQual QualCode 

ALUMINUM ·16200 ALUMINUM 18200 ALUMINUM 19500 

ANTIMONY· 4.5 U ·A ANTIMONY 0.89 U A ANTIMONY 6.0 U A 

ARSENIC 5.4 J DFG ARSENIC 8;0 J DFG ARSENIC 22.4 J DFG 

BARIUM 78.3 BARIUM 60.1 BARIUM 180 

BERYLLIUM 0.52 .J CG BERYLLIUM 0.69 J CG BERYLLIUM 1.5 J CG 

CADMIUM 0.69 UJ EG CADMIUM 0.66 UJ EG CADMIUM 1.6 J EG 

CALCIUM 30100 J G CALCIUM 628 J- AG CALCIUM 34200 J G 

CHROMIUM 19.9 CHROMIUM 25.5 CHROMIUM 39.3 

COBALT 7.2 J G COBALT . 7.0 J G COBALT· 16.9 J G 

COPPER 13.4 COPPER 15.0 COPPER 38.7 

IRON 16000 J FG IRON 29600 J FG IRON 42500 J . FG 

LEAD 12.0 J 0 LEAD 13.8 J D LEAD 30.7 J 0 

MAGNESIUM 2270 J ADI MAGNESIUM 2490 J ADI MAGNESIUM 1830 J ADI 

MANGANESE 527 J I MANGANESE 310 J I MANGANESE 1550 J I 

MERCURY 0.08 MERCURY 0,01 MERCURY 0.41 

NICKEL 13.2 NICKEL 14.3 NICKEL 20.6 

POTASSIUM 1530 J ADI POTASSIUM 1430 J ADI POTASSIUM 1520 J ADI 

SELENIUM O.~O UJ E SELENIUM 0.38 UJ E SELENIUM 0.85 J E 

SILVER 3.9 J G SILVER· 0.09 UJ G SILVER 19.7 J G 

SODIUM 94.0 U A SODIUM 141 U A SODIUM 183 U A 

THALLIUM 0.23 THALLIUM 0.24 THALLIUM 0.24 

VANADIUM 35.7 J DG VANADIUM 44.8 J DG VANADIUM 60.9 J DG 

ZINC 56.1 J E ZINC 53.0 J E ZINC 115 J E 
--- --- -- -
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PROJ_.·' 739'3 •• • 
SDG: T1902 MEDiA: SOIL DATA FRACTION: M 

nsample 30CP100204 nsample 30S8010204 nsample 30SB050204 

samp.,..date 317102 ·samp_date 317102 samp_date 317102 
labjd 0203159·03 lab_id 0203159·07 .Iab_id / 0203159·11 

qc_type NM qc_type NM qc_type NM 

units' MGIKG units MG/KG units MG/KG 

Pct_Solids' 78.2 PcCSolids 79.9 PcCSolids 81.1 

DUP_OF:. DUP_OF: DUP~OF: 

Parameter Result ValGual QualCode Parameter Result ValQual QualCode Parameter Result ValQual QualCode 

ALUMINUM 19100 ALUMINUM 25300 ALUMINUM 21200 

ANTIMONY - 0.5.3 U A ANTIMONY 0.99 U A ANTIMONY 0.78 U A 
ARSENIC 10.9 J DFG ARSENIC 10.6 . J DFG ARSENIC 6.6 J DFG 

8ARIUM 161 8ARIUM 81.8 BARIUM 64.1 

8ERYLLIUM 1.4 J CG BERYLLIUM 0.84 J CG 8ERYLLIUM 0.64 J CG 

CADMIUM 0.66 UJ . EG CADMIUM 0.71 UJ EG CADMIUM 0.67 UJ EG 

CALCIUM 1290 J AG CALCIUM 775 J AG CALCIUM 542 J AG 

CHROMIUM 26.2 CHROMIUM 30.7 CHROMIUM 24.5 ,-

C08ALT 10.9 J 'G CQ8ALT 5.7 J G COBALT 7..3 J G 

COPPER 11.4 COPPER 19.2 COPPER 16.8 

IRON 27600 J FG IRON. 34600 J FG IRON 24800 J FG 

LEAD 17.3 J 0 LEAD 11.2 J 0 LEAD 13.4 J 0 

MAGNESIUM 1650 J ADI MAGNESIUM 3520 J 01 MAGNESIUM 2790 J 01 

MANGANESE 1350 J I MANGANESE 143 J I MANGANESE 343 J I 

MERCURY 0.04 MERCURY 0.01 U MERCURY 0.01 U 

NICKEL 17.5 NICKEL 15.6 NICKEL 13.2 

POTASSIUM 1860 J ADI POTASSIUM 2010 J ADI POTASSIUM 1720 j ADI 

SELENIUM 0.46 J E SELENIUM 0;41 UJ E SELENIUM 0.39 UJ E 

SILVER 0.14 J G SILVER 0.11 J G SILVER . 0.10 UJ G 

SODIUM 138 U A SODIUM 205 U A SODIUM 197 U A 
THALLIUM 0.29 THALLIUM 0.30 THALLIUM 0.27 

VANADIUM 50.6 J DG VANADIUM 55.9 J DG VANADIUM 43.8 J DG 

ZINC' 53.3 J E ZINC 68.8 J E ZINC 62.1 J E 
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PROJ_NO: 7393 
SDG: T1902 MEDIA: SOIL DATA FRACTION: M 

nsample 30SS010001 nsample 
samp_date 3/7/02 samp_date 
labjd 0203159·06 labjd 
qc:..type NM qc_type 
units MG/KG units 
Pct_Solids 73.3 Pet_Solids 
DUP_OF: DUP-.OF: 

Parameter Result ValQ~al QualCode Parameter 
ALUMINUM 13600 ALUMINUM 
ANTIMONY 1.8 U A ANTIMONY 
ARSENIC 6.3 J DFG ARSENIC 
BARIUM 108 BARIUM 
BERYLLIUM 0.87 J CG B.ERYLLIUM 
CADMIUM 0.76 UJ EG CADMIUM 
CALCIUM 2210 J AG CALCIUM 
CHROMIUM 17.9 CHROMIUM 
COBALT 12.2 J . G COBALT 
COPPER 12.0 COPPER 
IRON 15000 J FG IRON 
LEAD 19.1 J D LEAD 
MAGNESIUM 1360 J ADI MAGNESIUM 
MANGANESE 1120 J I MANGANESE 
MERCURY 0.05 MERCURY 
NiCkEL 14.8 NICKEL 
POTASSIUM 1090 J ADI POTASSIUM 
SELENIUM 0.43 UJ E SELENI.UM 
SILVER 2.4 J G SILVER 
SODIUM 89.4 U A SODIUM 
THALLIUM 0.24 THALLIUM 
VANADIUM 33.3 J DG VANADIUM 
ZINC 59.2 J E ZINC 

Page 5 ot.30102 2:22:43 PM] • 

30SS050001 . nsample 

3/7/02 samp_date 

0203159·10 labjd· 

NM qc_type 

MG/KG units· 
79.6 Pct_Solids 

DUP_OF: 

Result ValQual QualCode Parameter 
15600 ALUMINUM 

0.80 U A ANTIMONY 
7.0 . J DFG ARSENIC 

59.3 . BARIUM 
0.48 J CG BERYLLIUM 
0.70 UJ EG CADMIUM 

1030 J AG CALCIUM 
20.7 CHROMIUM 

6,0 J G COBALT 
9.2 COPPER 

20600 J FG IRON 
10.3 J D LEAD 

1430 J ADI MAGNESIUM 
312 J I MANGANESE 

0.05 MERCURY 
10.9 NICKEL 

1090 J ADI POTASSIUM 

0.40 UJ E SELENIUM 
0.22 J G SILVER 
72.5 U A SODIUM 
0.21 THALLIUM 
40.2 J DG VANADIUM· 
41;8 J E ZINC 

FD03070202 
3R102 

0203159·01 
NM 
MG/KG 
63.6 
30CP100001 

Result Val Qual 
18500 

9.0 J 
5.5 J 
199 

0.75 J 
2.9 J 

22000 J 
31.1 

9.7 J 
6.1.0 

16800 .J 

32.2 J 
2420 J 
1180 J 
0.30 
21.7 
1460 J 
0:65 J 
42.2 J 
195 U 

0.22 
32.9 j 

161 J 

• 

QualCode 

AG 
' DFG 

CG 
EG 

G 

G 

I 

FG 

D 
ADI! 

I 

ADI 

E 
G 
A 

DG 
E 



PROJ.:... 7393 • • SDG: T1902 MEDIA: SOIL DATA FRACTION: M· 

nsample FD03070203 nsample FD03070204 

samp_date 3nt02 samp_date 3nt02 

lab_ld 0203159·12 lab_id q203159~17 

qc_type NM qc_type NM 

units MG/KG units MG/KG 

PcCSolids 74:9 PcCSolids 72.1 

DUP_OF: 30CP080001 DUP_OF: 30CP020001 

Parameter Result ValQual QualCode Parameter Result ValQual QualCode 

ALUMINUM· 19900 ALUMINUM 13700 

ANTIMONY. 3.0 U A ANTIMONY 2.2 U A 

ARSENIC 7.6 J DFG ARSENIC 5.9 J. . DFG 

BARIUM 110 BARIUM 131 . 

BERYLLIUM 0.73 J CG BERYLLIUM 0.81 J CG 

CADMIUM 0.70 UJ EG CADMIUM 0.99 J EG 

CALCIUM 3000 J ·G CALCIUM 10400 . J AG 

CHROMIUM 21.8 CHROMIUM 20.5 

COBALT 18.0 J G COBALT 13.3 J G 

COPPER 13.5 COPPER 21.8 .. ~:~. 

IRON 20800 J FG IRON 13400 J FG 
\-..; ... 

LEAD. 15.9 J D LEAD 20,9 J D 

MAGNESIUM 2070 J ADI MAGNESIUM 1430 J ADI 

MANGANESE 810 J I MANGANESE 1150 J I 

MERCURY 0.10 MERCURY 0.10 

NICKEL· 16.8 NICKEL 16.3 

POTASSIUM 1580 J ADI POTASSIUM 1160 J ADI 

SELENIUM 0.40 UJ E SELENIUM 0.52 J. E 

SILVER 1.3 J G SILVER 12.4 J G 

SODIUM - 125 U A SODIUM 45.4 U A 

THALLIUM 0.31 THALLIUM 0.23 

VANADIUM 43.0 J DG VANADIUM 31.8 J DG 

.ZINC 61.1 J E ZINC 80.2 J E 

Page 6 of 6 [5/30102 2:22:43 PM) 



PROJ:....NO: , 7393 
. . 

SDG: T1902 MEDIA: SOIL DATA FRACTION: MISC 

nsample 30CP020001 nsample 

samp_date 3/7/02 samp_date 

lab . ..Jd 0203159-15 lab_ld 
qc_type . NM qc_type 

units' MG/KG units 

Pct_Solids 74.4 PcC.Solids 

DUP_OF: DUP_OF: 

Parameter Res'ult ValQual QualCode Parameter 

CYANIDE 0.7 U CYANIDE 

HEXAVALENT CHROMIUM 3 UR DQ HEXAVALENT CHROMIUM 

PH 7.5 . PH 

Page 1 of _0102 2:39:10 PM] 

30CP020204 

3/7102 
0203159-16 

NM 

MG/KG 

79.4 

-Result ValQual QualCode 

0,6 U 

2 UR . DQ 

4.9 

• 

nsample 

samp_date 

lab_id 

qc_type 

units 

PcC.Solids 

DUP_OF: 

Parameter 

CYANIDE 

HEXAVALENT CHROMIUM 

PH 

30CP030001 

3/7102 
0203159-04 

NM 

Mq/KG 

76.2 

Result ValQual 

0.7 

3 UR 

7.3 

• 

QualCode 

DQ 



PROJ_.· , ,7393 • • 
SDG: T1902 MEDIA: SOIL DATA FRACTION: MISC 

nsample 30CP030204 nsample 30CP080001 nsample ' 30CP080204 

, samp_date 317102 samp_date 317102 samp..:date 3/7/02 
lab_id 0203159-05 lab_ld 0203159-13 lab_id 0203159-14 

qc_type NM qc_Jype NM qc_type NM 

units MG/KG units MG/KG units MG/KG 
PcLSolids 82.7 PcLSoHds 77.5 Pct_Solids 77.5 

DUP_OF: DUP_OF: DUP ... OF: 

Parameter Result ValOual OualCode Parameter Result ValOual OualC0ge Parameter Result ValOual OualCode 

CYANIDE 0:5 U CYANIDE 0.6 U CYANIDE 0.5 U 

HEXAVALENT CHROMIUM 2 UR DO HEXAVALENT CHROMIUM 2 , UR DO HEXAVALENT CHROMIUM 2 UR DO 

PH 5.1 PH 7.4 PH 5.5 

Page 2 of 6 [5/3()/022:39:10PMl 



PROJ_NO: ·7393 
.SDG: Tl902 MEDIA:SOIL DATA FRACTION: Misc. 

nsample 30CP090001 nsalTiple '30CP090204 nsample 30CP100001 

sa.mp_date . 317102 samp_date 3/7/02 samp_date 3/7/02 

labjd 0203159·08 lab_id 0203159·09 lab_id· 0203159·02 

qc_type NM qc_type NM qc_type NM 

units MG/KG· units MG/KG units MG/KG 

PcCSolids 75.4 PcCSolids 81.8 PcCSolids 63.4 

DUP_OF: DUP_OF: DUP_OF: 

Parameter Result Val Qual QualCode Parameter Result ValQual QualCode Parameter Result Val Qual QualCodel 

CYANIDE 0.6 U CYANIDE 0.9 U CyANIDE 0.7 U I 
HEXAVALENT CHROMIUM 3 UR DQ HEXAVALENT CHROMIUM 2 UR DQ HEXAVALENT CHROMIUM 3 UR DQI 

PH 7.6 PH 5.4 PH ·7.4 I 
- - ---- ----

Page 3 of .0/02.2:39:10 PM) • • 



PROJ_" ·7393 • ., • 
SDG: T1902 MEDIA: SOIL DATA FRACTION: MISC 

nsample 30CP100204 nsample 30S8010204 nsample 3088050204 

sal1)p_date 3/7102 samp_date 317102 samp..:.date 3/7102 

hib_id 0203159·03 lab_id 0203159·07 lab_id 0203159·11 

qc_type NM qc_type NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

Pct..:.Solids 78.2 Pct_Solids 79.9 PcCSolids 81.1 

DUP_OF: . DUP_OF: DUP_OF: 

Parameter Result ValQual QualCode Parameter Result ValQual QualCode Parameter Result ValQual QualCode 

CYANIDE 0.6 U CYANIDE 0.5 U CYANIDE 0.6 U 

HEXAVALENT CHROMIUM 2 UR DQ He:XAVAL.ENT CHROMIUM 2 UR DQ HEXAVALENT CHROMIUM 2 UR DQ 

PH 6.1 PH 5.1 PH 5.5 

.Page 4 of 6 [5/301022:39,10 PM] 



PROJ_NO: 7393 . 
. SDG: T1902 MEDIA: SOIL DATA FRACTION: Mise 

nsample 3088010001 nsample 

samp_date 3/7/02 samp_date 

labjd 0203159-06 labjd 

qc_type NM qc_type 

units MG/KG units 

Pet_80lids 73.3 PeCSolids 
DUP_OF: DUP_OF: 

Parameter Result ValOual OualCode Parameter 

CYANIDE 0.6 U CYANIDE 

HEXAVALENT CHROMIUM 3 UR DO HEXAVALENT CHROMIUM 

PH 6.6 PH 

Page 5 of 6.0/02 2:39:10 PM] 

3088050001 

3f7102 

0203159-10 

NM 

MG/KG 
79.6 

Result ValOual 

0.5 U 

2 UR 

5.6 

• 

OualCode 

. DO 

nsample 

samp_date 

labjd 

qc_type 

units 

PeCSolids 

DUP_OF: 

Parameter 

CYANIDE: 

HEXAVALENT CHROMIUM 

PH 

FD03070202 

3/7102 

0203159-01 

NM 

MG/KG 

63.6 

30CP100001 

Result ValOual 

0.8 U 

3 UR 

7.6 

• 

QualCode 

DO 



PROJ __ 7393 • • 
SDG: T1902 MEDIA:·SOiLDATA FRACTION: MISC 

nsample FD03070203 nsample FD03070204 

. samp_date 317102 samp_date . 317102 
lab_id 0203159·12 lab_id 0203159·17 

qc_type NM· qc_type NM 

units MG/KG units MG/KG 

Pct.Solids 74.9 PcCSolids 72.1 

DUP_OF: 30CPOB0001 . DUP_OF: 30CP020001 

Parameter Result Viii Qual QualCode Parameter Result ValQual QualCode 

CYANIDE .. 0.5 U CYANIDE 0.6 U 

HEXAVALENT CHROMIUM 3 UR DQ HEXAVALENT CHROMIUM 3 UR DQ 

PH 7.5 PH 7.3 

) 

Page 601.6 [5/301022:39:10 PM) 



PROJ_NO: 7393 
SDG: T1902 MEDIA:. WATER DATA FRACTION: MISC 

nsample RB03070201 
samp_date 3n102 
labjd . 0203159-18 
qc_type NM 
units MGIL 

PcCSolids 0 
DUP_OF: 

Parameter. Result ValQual QualCode 
CYANIDE' 0.01 UJ H 
HEXAVALENT CHROMIUM 0.005 U 
PH 5.2 

-

Page 1 of .0/022:41 :38 P~l 

nsample 
samp_date 

labJd 
qc_type 
units 

PcCSolids. 
DUP_OF: 

Paramet.er 
CYANIDE 
HEXAVALENT CHROMIUM 

PH 

RB03070202 

3n102 
0203159-19 
NM 
MGIL 

o 

Result ValQual 

0.01 UJ 
0.005 U 

5.1 

• 

QualCode 
H 

• 
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Tetra Tech NUS INTERNAL CORRESPONDENCE 

TO: R. CLARK DATE: AUGUST 2, 2002 

" FROM: ETHANG. LEE COPIES: DV FILE 

SUBJECT: INORGANIGDATA VALIDATION - TAL METALS AND MISCELLANEOUS 
PARAMETERS 

SAMPLES: 

'Overview 

NSWC CRANE - CTO 019 
SAMPLE DELIVERY GROUP (SDG) - T1901 

17/S0IU 

30CP040001 
30CP060001 
30CP120001 
30SB040204 
FD03060203 

30CP040204 
20CP060204 
30CP120204 
30SS020001 

30CP050001 
30CP110001 
30S8020204 
30SS030001 

30CP050204 
30CP110204 
30SB030204 
30SS040001 

The sample set for NSWC Crane, SDG T1901, consists of seventeen (17) soil environmental 
samples. One 0) field duplicate pair (FD03060203i 30SB040204) is included in this SDG. 

The samples were analyzed for TAL metals and miscellaneous .parameters. The samples were 
, collected by Tetra Tech NUS March 6-7, 2002 and analyzed by Laucks Testing Laboratories. 
, Aluminum,calcium, iron, magnesium, manganese, potassium, and sodium analyses were 

conducted !-ISing method SW846 60108. Mercury analyses were conducted using method 
SW846 7471A All other metals analyses were conducted using method,SW846 6020. 
Hexavalent chromium analyses were conducted using method SW846 7196A Cyanide analyses, 
were 'cOnducted using method SW846 90128. pH analyses were conducted using method 
SW846 9045C. Concentrations of antimony, barium, cadmium, copper, lead, selenium, silver, 

'thallium, and zinc were diluted 10X. Concentrations of arsenic~ beryllium; chromium, cobalt, 
nickel, and. vanadium were diluted 20X. 

Metal!? analyses except mercury were condl,lcted using Inductively, Coupled Plasma (Iep) 
, methodologies: Aluminum, calcium, iron, magnesium, manganeses, potassium, and sodium 
analyses were performed via ICP-Trace and all other metals analyses except mercury were 
performed via ICP-MS. Mercury analyses were conducted using Manual Cold Vapor Atomic 
Absorption(CV AA) methodologies. 

These data were evaluated based on the following parameters: 

• Data Completeness 
• Holding Times 
• Laboratory Blank Analyses , 
• Calibration Recoveries 

* • ICP Interference 
, • Matrix Spike Results 
• Laboratory Duplicate Results 
• Field Duplicate Results 
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* 
* 

• Laboratory Control Sample Results 
• . ICP Serial Dilution Results 
• Sample Quantitation 
• Detection Limits 

* - All .quality control criteria were met for this parameter. 

Laboratory Blank Analyses 

The following contaminants. were detected in the laboratory method/preparation blanks at the 
following maximum concentrations: . 

Analyte 
Antimony(l) 
Barium(l} 
Calcium 
Chromium(1) 
Iron 
Lead(l) 

Magnesium 
Nickel(1r 

"Potassium 
Silver(l) 
Sodium 
Chroinium6

+ 

Maximum 
Concentration 
0.086 mg/kg 
0.049 mg/kg 
69.0 ug/L 
0.027 mg/kg 
46.1 ug/L 
0.033mg/kg 
29.9 ug/L 
0.012 mg/kg 
74.9 ug/L 
0.018 mg/kg 
652.6 ug/L 
0.019 mg/L 

Action 
Level 
0.43 mg/kg 
0.245 mg/kg 
34.5 mg/kg 
0.135 mg/kg 
23:1 mg/kg 
0.165 mg/kg 
15.0 mg/kg 
0.06 mg/kg 
37.5 mg/kg 
0.09 mg/kg 
327 mg/kg 
2.375 mg/kg 

. (1) Maximum concentration found in laboratory preparation blank. 

An action level of 5X the maximum concentration was used to evaluate the sample data for blank 
contamination. Sample aliquot, percent solids, and dilution factors, if applicable, were .taken into 
consideratiori when evaluating for blank contamination. Positive results < Action Level were 

. qualified (U) for antimony, Silver, sodium, and hexavalent chromium. Positive resu'lts > Action 
Level were qualified as estimated (J). 

Holding Time Noncompliance 

The holding time limit of 4 days from extraction to analysis for hexavalent chromium was 
exceeded for all samples. Positive resultswere qualified as estimated (J). 

Calibration Noncompliance 

The, calibration percent recovery (%R) for beryllium was above' the control limit of 90-110%. 
Positive results (>IDL) were qualified as. estimated (J). 

Matrix Spike Analysis 

.The matrix spike %R for arsenic, lead, and vanadium·were less than the control limit of 75-125% 
and the sample result was <4Xthe spike added. Positive results for all analytes were qualified as 
estimated (J). 

The matrix spike %R for hexavaleht chromium was above the control limit of 75-125%. Positive 

• 

• 

results. were qualified as estimated (J). Nondetects were qualified as rejected (UR) because • 
standard reference material (SRM) yielded poor %R. 



• 
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The matrix spike duplicate RPD for hexavalent chromium was above the control limit of 30%. 
Positive results were qualified as estimated (J). 

Field Duplicate Analysis 

The Relative Percent Difference (RPD) for the field dLiplicate pair (FD03060203 / 30S8040204) 
for manganese was. calculated to be >50%. 8ecauses both values were' >5X CRDL, positive 
results for manganese were qualifi~d as estimated (J) . 

. Laboratory Control Sample Analysis 

The LCS %R for aluminum, cadmium, .potassium, sodium, selenium, and zinc were below the' 
control limits set by the EPA. Positive results (>IDL) were qualified as estimated (J). Nondetected 
results «IDL) were qualified as estimated (UJ). Sodium was not qualified for LCS noncompliance 
because of ~Iank contamination. . \ 

ICP Serial Dilution Analysis 

The Percent Difference (%0) for magnesium and potassium was >10% and the initial sample 
result was >50X IDL. Positive results (>IDL)were qualified ~s estimated (J). 

SRM / Laboratory Control Samples/Laboratory Performance 

Hexavalent chromiurriahalyses in all soil samples except one have been rejected due to poor 
recoveries of the quality control Standard Reference Material (SRM). The basis of the rejection is 
thatthe SRMis an independ~nt certified standard (of known concentration) and is used to assess 
laboratory performance for a given analytical parameter. The recoveries of the SRM, associated 
with Crane data, as determined by Laucks .ranged from 1.2% to 12.6%. The acceptable minimum 
recovery defined in the OAPP is 50%. All results except in one sample were reported as 
nondetected. The reportingJimit provided by Laucks was approximately 2-3 mg/kg. 

As a result of the poor recoveries, an investigation on the SRM was conducted to determine 
whether reduction of the hexavalent chromium ion to the trivalent chromium ion had occurred. hi 
order10 begin the investigation, Laucks Laboratory was contacted and provided th.e lot number of 
the SRM that was used for analysis. The manufacturer (ERA) of the SRM was also contacted 
and was asked to analyze the exact lot used by Laucks. ERA agreed to perform tests on the lot 

. used by Laucks. 

ERA performed tests on the SRM in triplicate. The recoveries reported by ERA are as follows: 
37%,44%, and 34 %. The average concentration of hexavalent chromium reported by ERA was 
20.9 mg/kg. The certified concentration of the SRM was 54.5 mg/kg. 

The variance of the average concentration from the certified concentration raises three 
possibilities: (1) some reduction of the SRM may have occurred over time thus accounting for th.e 
difference between the results; (2) the recovery is representative of the analytical procedure; or 
(3) some combination of points 1 & 2. However, despite the possibility of some hexavalent 
chromium reduction and deficiencies in the analytical procedure, it is evident that hexavalent 
chromium is still present in the SRM at a sufficiently high concentration. 

'In addition to the tests conducted by ERA,Laucks·conducted theirowl1 re-testing (5 tests). of the 
SRM and reported an average recovery of 35%. . 

Finally, upon review of the ERA results, it is my conclusion that although some reduction of the 
SRM may have occurred, the recoveries reported by ERA indicate that the SRM contains a 

. sufficiently high concentration of hexavalent chromium upon which to con<tuct analysis. The SRM 
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recoveries associated with the Crane analytical data are indicative· of poor performance of the 
analytical procedure and· cannot be attributed to the· reduction of hexavalent chromium in the 
SRM. This is supported by the fact that the average recovery improved to '35% when Laucks 
conducted their own re-testing. Therefore, because it has been proven that the SRM had not 
reduced to a level beyond detection (concentration of hexavaient chromium >10X the reporting 
limit) and that the recoveries of the SRM are poor, the data are not considered reliable and have 
been rejected. . 

As a' result of the poor SRM and matrix spike recoveries, the positive result was qualified as 
estimated (J) and nondetected results were rejected (UR). 

Notes 

The CRDL %R for antimony was below the control limit of 90-110%. No quaiification action was . 
required for this analysis. 

The ICS AB solution %R's for arsenic, chromium, nickel, and vanadium were below the control 
limit of 80-110%. No qualification action was done because there were no interfering analytes 
present at significant concentrations. ' 

The matrix spike %R's for aluminum, iron, and manganese were outside the control limit of 75-' 
125%. No qualification action was required because the sample results were >4X the spike 
added. . 

• 

• 

• 
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Executive Summary . 

" 

. . 

Laboratory Performance: Several analytes were present in the laboratory method/preparation 
blanks. Beryllium·was qualified due to calibration noncompliance. Several analytes were qualified 
due to matrix spike· noncompliance. Several analytes were qualified due to laboratory control 
sample noncompliance. Several arialytes were qualified due to lep serial dilution noncompliance. 
Hexavalent chromium was qualified due to holding time noncompliance. Hexavalent chromium 
was qualified due to poor SRM recovery. 

Other Factors Affecting Data Quality: Manganese was qualified due to field duplicate 
noncompliance. 

The data for these analyses were reviewed with reference to the "National Functional Guidelines 
for Inorganic Review'·. September 1993 and the NFESC document entitled "Navy IRCDQM" 

. (September 1999). 

The text of -this report has been formulated to address only those problem areas affecting data 
quality. 

"I attest that the data referenced herein were validated according to the agreed upon validation 
criteria as specified in the NFESC Guidelines and the Quality Assurance Project Plan (QAPP)." . 

~~.~. 
Tetra Tech NUS 
Ethan G. Lee 
Eiwironmental Scientist 

.. ~ 
._::....---L~=-_~:..-.-_--,-___ _ 

etra Tech NUS· 
Joseph A, Samchuck 
Quality Assurance Officer 

Attachments: 

1. Appendix A - Qualified Analytical Hesults 
2. Appendix B - Results as reported by the Laboratory 
3. Appendix C - Support Documentation . 
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PROJ_NO:· :7393' 
SDG: T1901 MEDIA: SOil DATA FRACTION: M 

nsample 30CP040001, ;,sample 30CP040204 nsample 30CP050001· 

samp_date 317102 samp_date 317102 samp~date 3/7102 
labjd 0203158·16 lab_id 0203.158·17 lab_id 02031,58·12 

qc_type NM qc_type NM qc_type NM 

units MG/KG units MG/KG units MG/KG . 

Pct_Solids 70,5 Pct_Solids . 76,5 PcCSolids - 77.9 . 

DUP_OF: DUP_OF: DUP_OF: 

Parameter Result VaiQuai QualCode Parameter Resuit ValQuai QualCode Parameter Result VaiQuai QuaiCode 

ALUMINUM 12600 J E ALUMINUM 21700 J E ALUMINUM 14400 J E 

ANTIMONY 4 .. 4 U A ANTIMONY 1.9 U A ANTIMONY 1.1 U A 

ARSENiC 5.1 J D ARSENIC 6.8 J' D ARSENIC 9.5 J D 

BARIUM 159 J A BARIUM 138 J A BARIUM 147 J A 

BERYLLIUM 0.69 J C BERYLliUM Q.92 J C BERYLLIUM 1.0 J C 

CADMIUM 1.2 J E CADMIUM 0.71 UJ ·E c:ADMIUM 0.69 UJ E 

CALCiUM 1600 J A CALCIUM 767 J A CALCiUM. 22500 J A 

CHROMIUM 20.9 . J A CHROMiUM 23..4 J A CHROMIUM 24.3 . J A 

COBALT .' 9.1 COBALT 5.6 COBALT' 12.0 

COPPER 27.3 COPPER 15.8 COPPER 13.8 

IRON 14700 J A IRON 28400 J . A IRON 26300 J A 

LEAD 24,5 J AD LEAD 13:2 ·L AD LEAD 19.0 J AD 

MAGNESIUM 1260 J AI MAGNESIUM 2390 J AI MAGNESiUM 1.930 J AI 

MANGANESE 881 J G MANGANESE 
- . 

426 J G MANGANESE 1200· J G 

MERCURY 0.058 MERCURY 0.012 MERCURY 0.051 

NICKEL. 12.4 J A NICKEL 15:2 J A NICKEL 15.1 J A 

POTASSiUM 909 J AEI POTASSiUM 1500 J AEI POTASSiUM 1440 J AEi 

SELENIUM 0:~3 J E SELENIUM . 0.41 UJ E SELENIUM 0.67 J E 

SiLVER 19.4 J A SILVER .0.30 U A SILVER 2.8 J A 

SODiUM 20.8 U A SODIUM 202 U A SODIUM 112 U A 

THALLIUM 0,21 THALliUM 0.34 THALliUM 0.24 

VANADIUM 29.0 J D VANADIUM 40.0 J D VANADiUM 39.3 J D 

ZINC 87.7 J E ZiNC 64.8 - J E ZINC 55.0 J E - -- --

Pag" of 'fl/02 8,15,0' AMI • • 



·PRO~"""". 7393 • • 
SDG: T1901 MEDIA: SOIL DATA FRACTioN:M 

nsample 30CP050204 nsample . 30CP060001 nsample 30CP060204 

samp_date 317102 samp_date 3i6/02 samp.:..date 3/6/02 

lab...:id 0203158-13 lab_ld 0203158-03 lab_id 0203158-04 

qc_type NM qc_type NM qc_type NM 

units MG/KG units MG/KG unitl! MG/KG 

PcCSolids 80.1 PcCSolids 71.8 PcCSolids 78.4 

DUP_OF: DUP_OF: DUP_OF: .. 

Parameter Result ValQual QualCode Parameter· Result Val Qual QualCode Parameter Result ValQual QualCode 

ALUMINUM ·14100 J E ALUMINUM 14700 J E ALUMINUM ·15400 J E 

ANTIMONY 0.68 U A ANTIMONY 2.7 U A ANTIMONY 0.56 U A 

ARSENIC 12.9 J D ARSENIC 7.5 J D ARSENIC 9.0 J D 

BARIUM 113 J A BARIUM· 143 J A BARIUM 93.7 J A 

BERYLLIUM 1.0 J C BERYLLIUM 0.69 J C BERYLLIUM 0.72 J- C 

CADMIUM· 0.63 UJ E CADMIUM 1.1 J E CADMIUM 0.64 UJ E 

CALCIUM 923 J A CALCIUM 41000 J A CALCIUM 783 J A 

CHROMIUM 18.8 J A CHROMIUM 25.1 J A CHROMIUM 21.2 J ·A 

COBALT 13.1 COBALT 9.9 COBALT 11.1 

COPPER 11 :8 COPPER . 23.0 COPPER 10.2 

IRON 35300 J A IRON 17800 J A IRON 25500 J A 

LEAD 21.0 J AD LEAD 21.8 . J AD LEAD 16.1 - J AD 

MAGNESIUM 1310 J AI MAGNESIUM 3590 J AI MAGNESIUM .1530 J AI 

MANGANESE 1430 J G MANGANESE 954 -, .J G MANGANESE 955 J G 

MERCURY 0.031 MERCURY 0.11 MERCURY 0.016 

NICKEL 14.0 J AI NICKEL 16.8 J A NICKEL 12.3 J A 

POTASSIUM- 1070 J AEII POTASSIUM 1650 . J AEI POTASSIUM 1120 J AEI 

SELENIUM 0.47 J E' SELENIUM 0.50 J E SELENIUM 0.41 J E 

SILVER 0.09 U A SILVER· 13.4 , J A SILVER 0.09 U 

SODIUM 146 U A SODIUM 171 U A SODIUM- 172 U A 

THALLIUtyl 0.23 THALLIUM 0.21 THALLIUM 0.25 I 

VANADIUM 40.5 J D VANADIUM 33.1 J D VANADIUM 41:5 J D! 

ZINC 45.3 J E ZINC 89.6 J E ZINC 38.0 J E: 
--
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PROJ~Nb: 7393. 
SDG: T1901 MEDIA: SOIL DATA FRACTION: M 

nsample 30CP110001 nsample 30CP110204 nsainple 30CP120001 

samp_date 3/6/02 samp_date 3/6/02 samp_date 3/6/02 

lab_id 0203158-07 lab_id 0203158-08 lab:"'id 0203158-05 

qc_t'Ype NM qc_type NM qc_type NM 

units MG/KG units . MG/KG' units· MG/KG 

PcCSolids 77.3 PcCSolids 81.9 PcCSolids 75 

DUP_OF: DUP_OF: DUP_OF: 

Parameter Result ValQual QualCode Parameter Result ValQual QualCode Parameter' Result ValQual QualCode 

ALUMINUM , 16200 J E ALUMINUM . 15500 J .E ALUMINUM 16900 J E 

ANTIMONY 1.6 U A ANTIMONY 0.77 U A ANTIMONY 2.1 U A 

ARSENIC - ... 6.6 J D ARSENIC 10.2 . J D ARSENIC 8.9 J D 

BARIUM. 104 J A BARIUM 76.3 J A BARI.UM . 127 J A 

BERYLLIUM 0.70 J C BERYLLIUM 0.75. J C BERYLLIUM 0.87 J C 

CADMIUM 0.74 UJ E CADMIUM 0.68 . UJ E CADMIUM. 0;67 UJ E 

CALCIUM 1870 J A CALCIUM 542 J A CALCIUM 2700 .J A 

CHROMIUM 22.0 J A CHROMIUM 26.2 J A CHROMIUM 23.1 J A 

COBALT 8.5 COBALT 7.0 COBALT 10.0 

COPPER 14.9 COPPER '. 11'.2 COPPER . 14.5 

IRON 19300 J A IRON 34900 J A IRON 21900 J A 

LEAD 15.6 J AD LEAD' 17.1 J AD LEAD 18.2 J AD 

MAGNESIUM 1420 J AI MAGNESIUM. 1500 J AI MAGNESIUM 1560 J AI 

MANGANESE 745 J G MANGANESE 376 J G MANGANESE 1280 J G 
MERCURY 0.089 MERCURY 0.Q20 MERCURY· 0.096 

NICKEL 15.1 J A NICKEL 10.7 J A NICKEL 15.1 J A 

POTASSIUM 1200 J AEI POTASSIUM 1110 J AEI POTASSIUM 1380 J' AEI 

SELENIUM 0.42 UJ E SELENJUM 0.51 J E SELENIUM 0.53 J E 

SILVER 5.8 J A SILVER 0.10 U 'A SI.LVER 2.8 J A 

SODIUM 147 U A SODIUM 179 U A SODIUM· 187 U' A 
THALLIUM 0.24 THALLIUM 0.23 THALLIUM 0.27 

VANADIUM .38.0 J D VANADIUM 44.2 J D VANADIUM 42.1 J D 

,Z~ ____ 56.9 J E 
------ -- -- ----- --

,ZINC 42.2 J E 
-- ---

ZINC 55.8 J E 

Page 3 of 6 .02 8:15:07 AM] • • 



PROJ~. . 7393 • • SDG: T1901 MEDIA: SOIL DATA FRACTION: M 

nsample 30CP120204 nsample 30SB020204 nsample 30SB030204 

samp_date 3/6/02 samp_date 317102 samp_date 3/6/02 

labjd 0203158-06 labjd 0203158-15 lab_id .. 0203158-02 

qc_type NM .. qc_type NM qc_type NM 

units MG/KG units MG/KG unlts- MG/KG 

Pct_Solids 82.3 PcLSolids 72.8 PcLSoild!? 80.1 

DUP_OF: DUP_OF: DUP_OF: 

Parameter Result ValQual QualCode Parameter Result Val Qual QualCode Parameter . Result Val Qual QualCode 

ALUMINUM· 18800 J E ALUMINUM 14300 J E ALUMINuM 20300 J E 

ANTIMONY 0.49 U A ANTIMONY 0;73 U A ANTIMONY 0.63 U 'A 

ARSENIC 6.3 J 0 ARSENIC 10.3 J 0 ARSENIC 9.3 J 0 
BARiUM ' 88.6 J A BARIUM 118 J A BARIUM 73.9 J _ A 

B.ERYLLIUM 0.58 J C BERYLLIUM 1.3 J C BERYLLIUM 0.53 J C 

CADMIUM 0.60 UJ E CADMIUM 0;80 UJ E CADMIUM' 0.66 UJ E 

CALCIUM 492 J , A CALCIUM 474 J A CALCiuM 768 J A 

CHROMIUM 23.5 J A CHROMIUM 18.9 J A CHROMIUM 24.4 J A 

COBALT 5.3 . COBALT' 26.2 COBALT 5.4 

COPPER 14.4 COPPER 10.1 COPPER 17.7 

IRON 25100 J A IRON 35800 J A IRON '26600 J • A 

LEAD 10.4 J AD LEAD 35.0 J AD LEAD 12.5 J AD 

MAGN~SIUM 2460 J AI MAGNESIl,JM 953 J AI MAGNESIUM· 3100 J All 
MANGANESE 190 J G! MANGANESE .4690 J G MANGANESE 162 J GI 

MERCURY 0.009 U MERCURY 0.048 MERCURY 0.010 U , 

NICKEL ... 12.8 J A NICKEL 10.9 J 'A NICKEL 13.7 J A 

POTASSIUM 1530 . 'J . AEI POTASSIUM 717 J AEI POTASSIUM 1880 J AEI 

SELENIUM 0.34 UJ E SELENIUM' 0.58 J E SELENIUM 0.38 UJ E 

$ILVER 0.09 U SILVER 0.11 U SILVER 0.·13 U A 

SODIUM 220 U A SODIUM 56.4 U A SODIUM 173 U A 

!THALLIUM 0.27 THALLIUM 0.25 THALLIUM 0.30 

iVANADIUM 38.7 J 0 VANADIUM 44.3 J 0 VANADIUM 45.6 J 0 
[ZINC __ 49.6 J E ZINC 36.6 .J E 

- -- ---- - -----
ZINC 55.9 J ,E 

----- -
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PROJ_NO: ·7393 
SDG: T1901 MEDIA: SOIL DATA FRACTION: M 

nsample 30SB040204 nsample. 

samp_date 3/6/02 samp_date 

labjd 0203158·11 .Iabjd 

qc_type NM qc_type 

units MG/KG· units 

PcCSolids 79.4 PcCSolids 

DUP"-OF: DUP_OF: 

Parameter Result Val Qual QualCode Parameter 

ALUMINUM 18200 J E ALUMINUM 

ANTIMONY 0.88 U A ANTIMONY 

ARSENIC 9.8 J D ARSENIC 

BARIUM 87.4 J A ~ARIUM 

~ERYLLIUM 0.63 J C BERYLLIUM 

CADMIUM 0.65 UJ E CADMIUM 

CALCIUM 559 J A CALCIUM. 

CHROMIUM 22.2 J . A CHROMIUM 

COBALT 5.0 COBALT 

COPPER 14.6 COPPER 

IRON 32100 J A IRON 

LEAO 13.8 J AD LEAD 

MAGNESIUM 2270 J AI MAGNESIUM 

MANGANESE 242 ) G MANGANESE 

MERCURY 0.028 MERCURY 

NICKEL ·11.6 J A NICKEL 

POTASSJUM 1220 J AEI POTASSiUM 

SELENIUM 0.37 UJ E SELENIUM 

SILVER 0.09 U SILVER 

ISODIUM 183 U A SODIUM 

THALLIUM ·0.25 THALLIUM 

VANADIUM 42.5 J D VANADIUM 

~INC 52.6 J E ZINC 

. page.5 of 6.102 8:15:0tAMj 

30SS020001 . nsample 

3/7/02 s~mp_date 

0203158•14 lab.Jd 

NM qUype 

MG/KG units 

72.3 PcCSolids 

DUP_OF: 

Result ValQual QualCode Parameter 

12300 J E ALUMINUM 

0.76 U A ANTIMONY 

8.8 J D ARSENIC 

181 J A BARIUM 

1.1 J C BERYLLIUM 

0.72 UJ E CADMIUM 

1260 J A CALCIUM 

19.4 J A CHROMIUM 

12.1 COBALT -
11.1 COPPER 

20500 J A IRON 

21.1 J AD LEAD 

1040 J AI MAGN~SIUM 

2890 J .G MANGANESE 

0.047 MERCURY 
14.0 . J A NICKEL· 

'937 J AEI POTASSIUM 

0.60 J Ei SELENIUM 

0.25 U A SILVER 

29.8 U A SODIUM 

0.28 , THALLIUM 

36:6 J D VANADIUM 

50.4 J E ZINC 

•• 

3088030001 

3/6/02 

0203158·01 

NM 

MG/KG 

86.5 

R.E!sult ValQuaJ 

11500 J 

2.3 U 

4.8 J 

120 J 

0.51 J 

1.0 J 

124000 J 

18.9 J 

6.2 

16.5 

QualCode 

E 

A 

D 

A 

C, 

E 

A , 
A 

13300 J> A 

16.5 J AD 

5840 J AI: 

384 J .G 

0.054 

15.9 J A 

2230 J AEI 

0.34 UJ E 

5.8 J A 

176 U A 

0.27 ! 

26.7 J DI 
60.5 J EI 

• 



PROJ __ '7393 • • SDG': T1901 MEDIA: 'SOIL DATA FRACTION: M 

nsample 30SS04.0001 nsample FD03060203 

samp:..date 3/6/02 samp_date, 3/6/02 

lab_ld 0203158-10 labJd 0203158-09' 

qc_type NM qc_type NM 

units MG/KG units MG/KG 

PcLSolids 81.2 Pct_Solids 79.9 

DUP _OF: DUP_OF: 30SB040204 

Parameter Result ValQuai QualCode Parameter Result VaiQual QualCode 

ALUMINUM ' 11600 J E ALUMINUM 16.100 J E 

ANTIMONY 1.1 U A ANTIMONY 3.2 U A 

ARSENIC 6.4 J 0 ARSENIC 12.0 J 0 
BARIUM 114 J, A BARIUM 84.7 J A 

BERYLLIUM 0.79 J ,C BERYLLIUM 0.72 J C 

CADMIUM 0;66 UJ E CADMIUM 0.68 UJ E 

CALCIUM, ,1250 J A CALCIUM 571 J A 

CHROMIUM 18;3 J A CHROMIUM 22.6 J ' A 

COBALT' 9.9 COBALT 23.4 

COPPER 7.4 COPPER 13.7 ., , 

IRON 201.00 J A IRON' 34400 J A 
LEAD 14.0 J AD LEAD ' , 46:3 J AD 

MAGNESIUM 1080 J AI MAGNESIUM 1990 J AI 

MANGANESE 1460 J G MANGANESE 1030 J G 

MERCURY 0.031 MERCURY 0.039 

NICKEL 10.7 J A NICKEL 12.4 J A 

POTASSIUM 858 J AEI POTASSIUM' 1430 J AEI 

SELENIUM 0.38 UJ E SELENIUM 0.64 J E 

SILVER 0.14 'U A SILVER 0.29 U A 

SODIUM 77.0 U A SODIUM 150 U A 

THALLIUM 0.22 THALLIUM 0.30 

VANADIUM 32.8 'J D VANADIUM, 52.4 J D 

ZINC 38.9 J E ZINC 48.3 J E 
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PRb'J~NO: 7393 
SDG: T1901 MEDIA: SOIL DATA FRACTION: MISC 

nsample 30CP040001 ' nsample' 30CP040204 nsample 30CP050001 

samp_date 317102 samp_date 317102 samp_date, 3/7102 
lab_id 0203158-16 labJd 0203158-17 labJd 0203158-12 

quype 'NM qc_type NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

PcCSolids 70.5 PcCSolids 76.5 PcCSolids 77.9 

DUP_OF: DUP_OF: DUP_OF:. 

Parameter Result ValQual QualCode Parameter Result ValQual QualCode Parameter Result ValQual QualCode 

CYANIDE 0.2 U CYANIDE 0.2 U CYANIDE 0.2 U 

HEXAVALENT CHROMIUM 3 UR Q HEXAVALENT CH~OMIUM 4 J DQ HEXAVALENT CHROMIUM 3 UR Q 

PH 5.9 PH 7.5 ' .. PH 7.8 

( 
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PROJ_e· 7393 • • 
SDG: T1901 MEDIA: SOIL DATA FRACTION: MISC 

nsample 30CP050204 nsample 30CP060001 nsample 30CP060204 

samp_date 317102 samp_date 3/6/02 samp~date 3/6/02 

labjd 0203158·13 labjd 0203158·03 labjd 0203158·04 

qUype NM qc_type NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

Pct_Solids 80.1 . P?CSolidS 71.8 Pct..:Solids 78.4 

DUP_OF: DUP_OF: DUP_OF: 

Parameter Result ValQual QualCode Parameter Result Val Qual QiJalCode Parameter Result ValQual QualCode] 

CYANIDE 0.2 U CYANIDE 0.2 U CYANIDE 0.2. U 1 
HEXAVALENT CHROMIUM 2 UR Q HEXAVALENT CHROMIUM 3 UR Q HEXAVALENT CHROMIUM 3 UR 01 
PH 5.1 

I 
PH 7.8 

- -
PH 7.6 1 -----_._. -------~ 

r 
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PROJ_NO: 7393 
SDG: T190t MEDIA: SOIL DATA FRACTION: Mise 

nsample 30CP110001 r nsample. 30CP110204 nsample 30CP120001 

samp_date 3/6/02 samp_date 3/6/02 samp_date· 3/6/02 
lab_id 0203158-07 lab_id 0203158~08 lab_id 0203158-05 
qc_type NM qc_type NM qc_type NM 

units MG/KG units MG/KG units MG/KG 

Pct_Solids 77.3 PcCSolids 81.9 Pct_Solids 75 

DUP_OF: ·DUP_9F: DUP_OF: 

Parameter Result ·:VaIQual QualCode Parameter .. Result ValQual QualCode Parameter Result Val Qual QualCode 

CYANIDE 0.2 U CYANIDE 0.2 U CYANIDE 0,2 U 

HEXAVALENT CHROMIUM 3 UR Q HEXAVALENT CHROMIUM 2 UR Q HEXAVALENT CHROMIUM 3 UR Q 

PH 6.8 PH 5.3 PH 7.6 I ----- --

.; 
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PRout 7393 • • 
SDG: T1901 MEDIA: SOIL DATA FRACTION: MISC· 

nsample 30CP120204 nsample . 30S8020204 nsample 3088030204 
samp_date 3/6/02 samp_date 317102 samp_date 3/6/02 
labjd 0203158·06 lab_ld. 0203158·15 lab_ld 0203158·02 
qc_type NM cjuype NM qc_type NM 
units MG/KG units MG/KG units . MG/KG 

PcCSolids 82.3 PcCSolids 72.8 PcCSolids 80.1 
DUP_OF: DUP_OF: DUP~OF: 

Parameter Result ValQual QualCode Parameter Result ValQual QualCode Parameter Result ValQual QualCode 

CYANIDE 0.2 U CYANIDE 0.2 U CYANIDE 0.2 ·U 

HEXAVALENT CHROMIUM 2 UR Q HEXAVALENT CHROMIUM 3 UA Q HEXAVALENT CHROMIUM 2 UR Q 

PH 5 Pt-l __ ~. ______ 5.1 
-- --

PH 5 
----
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PROJ;:..NO: 7393 
SDG: T1901 MEDIA: SOIL DATA FRACTION: MISC 

nsample 30S8040204 nsample 30SS020001 nsample 30SS030001 

samp_date 3/6/02 samp...:date 3/6/02 samp-,date . 3/6/02 

labjd 0203158·11 lab_id 0203158·14 labjd 0203158·01 

qc_type NM qc_type. NM qc:..type NM 

units MG/KG units MG/KG units MG/KG 

Pct_Solids 79.4 PcCSolids 72.3 PcCSoilds . 86.5 

DUP_OF: DUP_OF: DUP_OF: 

Parameter Result ValQual QualCode Parameter .. . Result ValQual QualCode Parameter .Result ValQual QualCode 

CYANIDE 0.2 U CYANIDE 0.2 CYANIDE 0.2 U 

HEXAVALENT CHROMIUM 3 UR Q HEXAVALENT CHROMIUM 3 UR Q HEXAVALENT CHROMIUM 2 UR Q 

PH 5.2 PH 5.3 PH 8 
--- -------

J 
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'PROJ __ . 7393 e. • 
SDG: T1901 MEDIA: SOIL DATA FRACTION: MISC : 

nsample 30SS040001 n!lample. FD03060203. 

samp_date 3/6/02 samp_date 3/6/02 

lab_id 0203158-10 labjd 0203158-09 . 

qc_type NM qc_type NM 

units MG/KG units MG/KG 

Pct_Solids 81.2 PcCSolids 79.9 

DUP_OF: . bUP_OF: 30S8040204 

Parameter Result VaiQual QualCode Parameter Result Val Qual QuaJCode 

CYANiDE 0.2 U CYANIDE "- 0.2 U 

HEXAVALENT CHROMiUM 2' UR Q HEXAVALENT CHROMIUM 3 UR ,.Q 

PH 6.9 PH 4.9 
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APPENDIX E 
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TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE :LOF 9: 

• 
JOB NUMBER em /9· 

BASED ON ~ 

~,t> ~S AI1--s£tJlC.. ~(.)\..\S -- t "" -... ~ 
DRAWING NUMBER 
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TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE OF ~ 
CLIENT tI~ '{\( C C:PAN£. JOB NUMBER 

• BASED ON '\/ I DRAWING NUMBER 
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TETRA TECH NUS, INC. CALCULATION WORKSHEET PAGE !I. OF g 
CLIENT JOB NUMBER 

/9 • BA~D ON A I. DRAWING NUMBER 

[fo\~ ~S #~IC. ~U&-"IS - - /...IrtJ\)FA~ 
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Sample Calculations Table 1 
COEFFICIENTS A, FOR W TEST OF NORMALITY FOR N=2 10 50 

• lin 2 3 4 5 6 7 8 9 10 
1 0.7071 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739 
2 0.1677 0.2413 0.2806 0.3031 0.3164 . 0.3244 0.3291 
3 0.0875 0.1401 0.1743 0.1976 0.2141 
4 0.0561 0.0947 0.1224 
5 0.0399 

_lin 21 22 23 24 25 26 2~ 28 29 30 
1 0.4643 0.459C 0.4542 0.4493 0.4450 1.4407 1.4366 1.4328 1.4291 0.4254 
2 >'318 ).315l 1.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944 
3 >'25~ ).2571 1.2563 1.2554 0.: 0.2533 0.2522 0.2510 0.2499 0.2487 
4 >'21 >'2131 1.2139 ).2145 0.: 1.2151 1.2152 1.2151 1.2150 0.2148 
5 173 176< 1787 . 1807 O . .1836 1.1848 1.185~ 0.1864 0.1870 
6 0139 144: .1460 1512 O. .1563 .1584 .1601 :1616 0.1630 
! 0.1092 0.115C 0.1201 0.1245 O. .131 .1346 .1372 0.1395 0.1415 

0.0804 0.0878 1.094' 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219 
0.0530 0.061: 1.0696 0.0764 0.0823 _00876 0.0923 0.0965 0.1002 0.1036 
0.0263 0368 0459 ).0539 0.0810 1.0872 0728 0778 0.0822 0.0862 

0122 1.0228 0.0321 0.0403 1.0476 054C 1.0598 ).0650 
).0107 0.0200 1.0284 0358 1.0424 ).0483 

13 1.0094 0178 0253 1.0320 
14 0084 1.0159 
15 

lin 31 32 33 34 35 36 37 38 39 40 
1.4015 1.404C • 1 0.422C 0.4188 0.4156 0.4127 0.4096 1.4068 0.9689 0.3964 

0.2098 

2 0.2921 0.2898 0.2876 0.2854 0.2834 .0.2813 1.2794 1.2774 0.2755 0.2737 
3 0.2475 

1.214! 
0.2463 0.2451 0.2439 0.2427 0.2415 

0.2121 
1.2403 

0.2116 0.2110 
1.2391 0.2380 0.2368 

0.2141 0.2137 0.2132 0.2127 0.2104 
5 1.11 188 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878 
6 1.11 166 .1667 ).11 . 0.168: 1.1686 168! 

.146 '.14 1.1513 1521 
8 .12 128 .1301 1356 1361 
9 0.10 .1140 .12' 122! 
10 0.0899 0.0931 0.0961 0.0988 '.10 .1075 . 09: 11 
11 0.0739 0.077~ 0.0821 0.0844 0.0873 0.0900 0.0947 0.0967 0.0986 

0585 ,,-0129 0.0669 0.0708 0 .. 0739 0.0770 0.0798 0.0824 0.0848 0.0870 
0435 ).0530 . )5~ .)610 0.0645 0.067~ 0.0706 0.0733 0.1 

11 0289 0.0395 .)44 l484 I.O!i59 
0144 .0262 .)31. )361 

O. )131 . )18' )239 131 
.06: 119 !20 

18 110 
19 )53 0.0101 0.0146 
20 0049 

lin 41 42 43 44 45 46 47 48 49 50 
0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751 

2 0.2719 0.2701 0.2584 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574 
3 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0:2281 0.2271 .0.2260 
4 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 0.2032 
5 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 . 0.1847 
6 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1692 0.1691 
7 0.1531 0.1535 0.1539 0.1542 0.1545 0.1548 0.1550 0.1551 0.1553 0.1554 
8 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 0.1423 0.1427 0.1430 
9 0.1249 0.1259 0.1269 0.1278 0.1286 0.1293 0.1300 0.1306 0.1312 0.1317 

10 0.1123 0.1136 0.1149 0.1160 0.1170 0.1180 0.1189 0.1197 0.1205 0.1212 
11 0.1004 0.1020 0.1035 0.1049 0.1062 0.1073 0.1085 0.1095 0.1105 0.1113 
12 0.0891 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020 
13 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932 
14 0.0677 0.0701 .0.0724 0.0745 0.0775 0.0785 0.0801 0.0617 0.0832 . 0.0846 
15 0.0575 0.0602 0.0628 0.0651 0.0673 0.0694 0.0713 0.0731 0.0748 0.0764 

0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0667 0.0685 
17 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.0568 0.0588 0.0608 
18 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0511 0.0532 
19 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 0.0411 0.0436 0.0459 

0.0087 
0.0081 

0.0039 

20 0.0094 0.0136 0.0175 0.0211 0.0245 0.0277 0.0307 0.0335 0.0361 0.0386 • 0.0174 

21 0.0045 0.0126 0.0163 0.0197 0.0229 0.0259 0.0288 0.0314 
22 
23 

0.0042 0.0188 0.0153 0.0185 
0.0076 0.0111 

0.0215 0.0244 
0.0143 

24 0.0037 0.0071 0.0104 
25 0.0350 



TABLE 2 
.... PERCENTAGE POINTS OF THE W TEST FOR N=3 to 50 

• 

n 0.01 0.05 n 0.01 0.05 
3 0.753 0.767 31 0.902 0.929 
4 0.687 0.748 32 0.904 0.930 
5 0.686 0.762 33 .0.906 0.931 
6 0.713 0.788 34 0.908 0.933 
7 0.730 0.803 35 0.910 0.934 
8 0.749 0.818 36 0.912 0.935 
9· 0.764 0.829 37 0.9.14 0.936 
10 0.781 0.842 38 0.916 0.938 
11 0.792 0.850 39 0.917 0.939 
12 ·0.805 RQIff59: 

~ ... ~ 40 0.919 0.940 
13 0.814 0.866 41 0.920 0.941 
14 ·0.825 0.874 
15 0.835 0.881 

42 0.922 0.942 
43 0.923 0.943 • 16 0.844 0.887 44 0.924 0.944 

17 0.851 0.892 45 0.926 0.945 
18 ·0.858 0.897 46 0.927 0.945 
19 ,0.863 0.901 47 0.928 0.946 
20 0.868 0.905 48 0.929 0.947 
21 0.873 0.908· 49 0.929 0.947 
22 0.878 0.911 50 0.930 0.947 
23 0.881 0.914 
24 0.884 0.916 
25 0.888 0.918 
26 0.891 0.920 
27 0.894 0.923 
28 0.896 0.924 
29 0.898 0.926 
30 0.900 0.927 

• 



• Sample C31CUlaaie 3 
p Levels from Z Scores for 2 Sided Tests • 

z p z P z P z P z P z P z P z - P 
0.00 1.0000 0.50 0.6171 1.00 . 0.3173 1.50 0.1336 2.00 0.0455 2.50 0.0124 3.00 0.0027 3.50 0.0005 
0.01 . 0.9920 0.51 0.6101 1.01 0.3125 1.51 0.1310 2.01 0.0444 2.51 0.0121 3.01 0.0026 3.51 0.0004 
0.02 0.9840 0.52 0.6031 1.02 0.3077 1.52 0.1285 2.02 0.0434 2.52 0.0117 3.02 0.0025 3.52 0.0004 
0.03 0.9761 0.53 0.5961 1.03 0.3030 1.53 0.1260 2.03 0.0424 2.53 0.0114 3.03 0.0024 3.53 0.0004 
0.04 0.9681 0.54 0.5892 1.04 0.2983 1.54 0.1236 2.04 0.0414 .2.54 0.0111 3.04 0.0024 3.54 0.0004 
0.05 0.9601 0.55 0.5823 1.05 0.2937 1.55 . 0.1211 2.05 0.0404 2.55 0.0108 3.05 0.0023 3.55 0.0004 
0.06 0.9522 0.56 0.5755 1.06 0.2891 1.56 0.1188 2.06 0.0394 2.56 0.0105 , 3.06 0.0022 3.56 0.0004 
0.07 0.9442 0.57 0.5687 1.07 0.2846 1.57 0.1164 2.07 0.0385 2.57 0.0102 3.07 0.0021 3.57 0.0004 
0.08 0.9362 0.58 0.5619 1.08 0.2801 1.58 0.1141 2.08 0.0375. 2.58 0.0099 3.08 0.0021 3.58 0.0003 
0.09 0.9283 0.59 0.5552 1.09 0.2757 1.59 0.1118 2.09 0.0366 2.59 0.0096 3.09 0.0020 3.59 0.0003 
0.10 0.9203 0.60 0.5485 1.10 0.2713 1.60 0.1096 2.10 0.0357 2.60 0.0093 3.10 0.0019 3.60 0.0003 
0.11 0.9124 0.61 0.5419 1.11 0.2670 1.61 0.1074 2.11 0.0349 . 2.61 0.0091 3.11 0.0019 3.61 0.0003 
0.12 0.9045 0.62 0.5353 1.12 '0.2627 1.62 0.1052 2.12 0.0340 2.62 0.0088 3.12 0.0018 3.62 0.0003 
0.13 0.8966 . 0.63 0.5287 1.13 0.2585 1.63 0.1031 2.13 0.0332 2.63 0.0085 3.13 0.0017 3.63 0,0003 
0.14 0.8887 0.64. 0.5222 1.14 0.2543 ~lf$llm aJjO~10J.Of~ 2.14 0.0324 2.64 0.0083 3.14 0.0017 3.64 0.0003 
0.15 0.8808 0.65 0.5157 1.15 . 0.2501 i~l',tl(65I1i ii1!O!0989~ 2.15 0.0316 2.65 0.0080 3.15 0.0016 3.65 0.0003 
0.16 0.8729 0.66 0.5093 1.16 0.2460 1.66 0.0969 2.16 0.0308 2.66 0.0078 3.16 0.0016 3.66 0.0003 
0.17 0.8650 0.67 0.5029 1.17 0.2420 1.67 0.0949 2.17 0.0300 2.67 0.0076 3.17 0.0015 3.67 0.0002 
0.18 0.8572 0.68 0.4965 1.18 0.2380 1.68 0.0930 2.18 0.0293 2.68 0.0074 3.18 0.0015 3.68 0.0002 
0.19 0.8493 0.69 0.4902 1.19 0.2340 1.69 0.0910 2.19 0.0285 2.69 0.0071 3.19 0.0014 3.69 0.0002 
0.20 0.8415 0.70 0.4839 1.20 0.2301 1.70 0.0891 2.20 0.0278 2.70 0.0069 3.20 0.0014 3.70 0.0002 
0.21 0.8337 0.71 0.4777 1.21 0.2263 1'.71 0.0873 2.21 0.0271 2.71 0.0067 3.21 0.0013 3.71 0.0002 

. 0.22 0.8259 0.72 0.4715 1.22 0.2225 1.72 0.0854 2.22 0.0264 2.72 0.0065 3.22 0.0013 3.72 0.0002 
0.23 0.8181 0.73 0.4654 1.23 0.2187 1.73 . 0.0836 2.23 0.0257 2.73 0;0063 3.23 0.0012 3.73 0.0002 
0.24 0.8103 0.74 0.4593 1.24 0.2150 .1.74 0.0819 2.24 0.0251 2.74 0.0061 3.24 0.0012 3.74 0.0002. 
0.25 0.8026 0.75 0.4533 1.25 0.2113 1:75 0.0801 2.25 0.0244 2.75 0.0060 3.25 0.0012 3.75 0.0002 , 
0.26 0.7949 0.76 0.4473 1.26 0.2077 1.76 0.0784 2.26 0.0238 2.76 0.0058 3.26 0.0011 3.76 0.0002 
0.27 0.7872 0.77 0.4413 1.27 0.2041 1.77 " .0.0767 2.27 0.0232 2.77 0.0056 3.27 0.0011 3.77 0.0002 
0.28 0.7795 0.78 0.4354 1.28 0.2005 1.78 0.0751 2.28 0.0226 2.78 0.0054 3.28 0.0010 3.78 0.0002 
0.29 0.7718 0.79 0.4295 1.29 0.1971 1.79 0.0735 2.29 0.0220 2.79 0.0053 3.29 0.0010 3.79 0.0002 
0.30 0.7642 0.80 0.4237 1.30 0.1936 1.80 0.0719 2.30 0.0214 2.80 0.0051 3.30 0.0010 3.80 0.0001 
0.31 0.7566 0.81 0.4179 ·1.31 0.1902 1.81 0.0703 2.31 0.0209 2.81 0.0050 3.31 0.0009 3.81 0.0001 
0.32 0.7490 0.82 0.4122 1.32 0.1868 1.82 0.0688 2.32 0.0203 2.82 0.0048 3.32 0.0009 3.82 0.0001 

. 0.33 0.7414 0.83 0.4065 1.33 0.1835 1.83 0.0672 2.33 0.0198 2.83 0.0047 3.33 0.0009 3.83 0.0001 
0.34 0.7339 .0.84 0.4009 1.34 0.1802 1.84 0.0658 2.34 0.0193 I 2.84 0.0045 3.34 0.0008 3.84 0.0001 
0.35 0.7263 0.85 0.3953 1.35 0.1770 1.85 0.0643 2.35 0.0188 I 2.85 0.0044 3.35 0.0008 3.85 0.0001 
0.36 0.7188 0.86 0.3898 1.36 0.1738 1.86 0.0629 2.36 0.0183 . 2.86 0.0042 3.36 0.0008 3.86 0.0001 
0.37 0.7114 0.87 0.3843 1.37 0.1707 1.87 0.0615 2.37 0.0178 2.87 0.0041 3.37 0.0008 3.87 0.0001 
0.38 0.7039 0.88 0.3789 1.38 0.1676 1.88 0.0601 2.38 0.0173 2.88 0.0040 3.38 0.0007 3.88 0.0001 
0.39 0.6965 0.89 0.3735 1.39 0.1645 1.89 0.0588 2.39 0.0168 2.89 0.0039 3.39 0.0007 3.89 0.0001 
0.40 0.6892 0.90 0.3681 1.40 0.1615 1.90 0.0574 2.40 0.0164 2.90 0.0037 3.40 0.0007 3.90 0.0001 
0.41 0.6818 0.91 0.3628 1.41 0.1585 1.91 0.0561 2.41 0.0160 2.91 0.0036 3.41 0.0006 3.91 0.0001 
0.42 0.6745 0.92 0.3576 1.42 0.1556 1.92 0.0549 2.42 0.0155 2.92 0.0035 3.42 0.0006 3.92 0.0001 
0.43 0.6672 0.93 . 0.3524 1.43 0.1527 1.93 0.0536 2.43 0.0151 2.93 0.0034 3.43 0.0006 3.93 0.0001 
0.44 0.6599 0:94 0.3472 1.44 0.1499 1.94 0.0524 2.44 0.0147 2.94 0.0033 3.44 0.0006 3.94 0.0001 
0.45 0.6527 0.95 0.3421 1.45 0.1471 1.95 0.0512 2.45 0.0143 2.95 0.0032 3.45 0.0006 3.95 0.0001 
0.46 0.6455 0.96 0.3371 1.46 0.1443 1.96 0.0500 2.46 0.0139 2.96 0.0031 3.46 0.0005 . 3.96 0.0001 
0.47 0.6384 0.97 0.3320 1.47 0.1416 1.97 0.0488 2.47 0.0135 2.97 0.0030 3.47 0.0005 3.97 0.0001 
0.48 0.6312 0.98 0.3271 ·1.48 0.1389 1.98 0.0477 2.48 0.0131 2.98 0.0029 3.48 0.0005 3.98 0.0001 
0.49 0.6241 0.99 0.3222 1.49 0.1362 1.99 0.0466 2.49 0.0128 2.99 0.0028 3.49 0.0005 3.99 0.0001 



Sample Calculations Table 4 
PERCENTILES OF STUDENT's t-DISTRIBUTION WITH n DEGREES OF FREEDOM 

• 

• 

• 
F= 1 - a 



• 

0,60 7.80.7 3.287 
0.70 9.120. . 3.662 
0.80 . 10..43 4.0.62 
0.90 11.74 4.478 
1.00 13.0.5 4.90.5 . 

1.25 16.33 6.0.0.1 
1.50 19.6 7.120. 
1.75 . 22.87 8.250. 
2.00 26.14 9.387 . 
2;50 32.69. .11.67 

3.00 39.23 13.97 
3.50 45.77 16.27 
4.00 52.31 18.58 
4.50 58.85 20..88 
5.00 65.39 23.19 . 

6.00 78.47 27.81 
7.00 91.55 32.43 
8.00 10.4.6 37.0.6 
9.00 117.7 41.68 

"'10~00' . 130..8 46.31 

Sample cal~UI. Table 5 
VALUES OF HO•95 FOR COMPUTING A ONE-SIDED 

UPPER 95% CONFIDENCE LIMIT ON A LOGNORMAL MEAN 

2.673 2.368 2;271 2.181 2.0.85 2.0.10. 
2.90.4 2.532 2.414 2.30.6 2.191 2.10.2 
3.155 2.710. 2.570. 2.443 2.30.7 2.20.2 
3.420. 2.90.2 '2.738 2.589 2.432 2.310. 

. 3.698 3.10.3 2.915 2.744 2.564 2.423 
-----_._-----

4.426 3.639 3.389 . 3.163 2.923 .2.737 
'5.1.84 .4.20.7·: 3.896 .- .. 3.612. ., .... 3.311 3.0.77 

5.960. 4.795 4.422 4.0.81 .3.719 3.437 
6.747 5.396 4.962 4.564 4.141 3.812 
8.339 6.621 6.0.67 5.557 '5.0.13 4.588 

9.945 7.864 7.191 6.57 5.90.7 5.388 
11.56 9.118 8.326 7.596 6.815 6.20.1 
13.18 10..38 9.469 8.63 7.731 7.0.24 
14.8 11.64 10..62 9.669 8.652 7.854 

16.43 .12.91 11.77 10..71 9.579 8.688 

19.68 15.45 14.0.8 12.81 11.44 10..36 
22.94 . 18.0.0. 16.39 14.9 13.31 12.0.5 
26.2 20..55' 18.71 17.0.1 15.18 13.74 

29.46 23.1 21.0.3 19.11 17.0.5 15.43 
32.73 25.66 23.35 21.22 18.93 17.13 

• 

1.946 1.891 1.836 
2.0.25 1.960. 1.895 
2.112 2.0.35 1.958 
2.20.6 2.117 2.0.28 I 

2.30.6 2.20.5 2.10.4 I 

2.580. . 2.447 2.314 
2.881· 2.713 2.545 
3.20.0. 2.997 2.794 
3.533 3.295 3.0.57 
4.228 3.92 3.612 .. 

4.947 4.569 4.191 
5.681 5.233 4.758 
6.424 5.90.8 5.392 . 
7.174 6.59 6.0.0.6 
7.929 7.277 6.625 

9.449 8.661 7.873 
10..98 . 10..0.5 9.12 
12.51 11.45 10..39 
14.0.5 12.85 11.65 
15.59 14.26 12.93 



Coefficients of Variation (CV) for Various Data Sets 

Group 1 - All SS Group 2 - All S8 Group 3 - Grid SS Group 4 - Perimeter SS Group 5 - Grid S8 Group 6 - Perimeter S8 
Standard Standard Standard Standard Standard Standard 

parameter Deviation Mean cv· Deviation Mean CV· Deviation Mean cv· Deviation Mean· cv· Deviation Mean. cv· Deviation Mean cv· 
ALUMINUM 2,767.93 14,844.44 0.19 3,161.56 17,938.89 0.18 2,888.33 15,666.67 0.18 1,681.67 13,200.00 0.13 2,432.36 17,500.00 0.14 4,425.12 18,816.67 0.24 
ANTIMONY' 1.37 1.45 0.94 • 0.30 0.48 0.63 1.54 1.84 0.84 0.30 0.68 0.44 0.37 0.52 0.71 0.D7 0.41 0.16 
ARSENIC 4.16 8.40 0.50 1.99 8.68 0.23 4.88 9.22 0.53 1.32 6.77 0.19 1.99 8.70 0.23 2.18 8.65 0.25 
BARIUM 33.83 120.34 0.28 26.21 90.67 0.29 32.59 122.82 . 0.27 38.88 115.38 0.34 29.19 94.48 0.31 18.90 . 83.03 0.23 
BERYLLIUM 0.24 0.81 0.30 0.23 0.83 0.28 0.25 0.84 0.30 . 0.23 0.75 0.31 0.22 0.84 0.26 0.28 0:82 0.35 
CADMIUM 0.40 0.61 0.65 0.09 0.35 0.27 0.44 0.68 0.65 0.26 0.46 0.57 0.11 0.36 0.32 0.03 0.34 0.10 
CALCIUM 30,165.03 18,206.67 1.66 283.43 765.78 0.37 16,590.11 15,455.83 1.07 49,333.22 23,708.33 2.08 260,46 769.67 0.34 351.82 758.00 0.46 
CHROMIUM 5.37 22.84 0.24 3.09 24.75 0.12 5.91 24.41 0.24 1.89 19.70 0.10 2.72 24.83 0.11 4.02 24.60 0.16 
COBALT 3.09 10.18 0.30 4.99 8.27 0.60 3.15 10.79 0.29 2.83 8.97 0.32 2.50 7.74 0.32 8.30 9.33 0.89 
COPPER 7.43 16.84 0.44 3.07 14.59 0.21 7.74 19.32 0.40 3.45 11.88 0.29 2.92 14.40 0.20 . 3.61 14.97 0.24 
IRON 7,035.42 20,477.78 0.34 3,793.57 29,505.56 0.13 8,187.78 21,716.67 0.38 3,122.82 18,000.00 0.17 3,546.43 29,058.33 0.12 4,451.97 30,400.00 0.15 
LEAD 4.96 18.71 0.27 5.52 16.00 0.35 5.18 19.90 0.26 3.81 16.32 0.23 3.04 15.35 0.20 8.96 17.30 0.52 
MAGNESIUM 1,166.29 2,057.22 0.57 704.29 2,227.94 0.32 719.27 1,982.50 0.36 1,856.44 2,206.67 0.84 546.87 2,175.00 0.25 1,004.18 2,333.83 0.43 
MANGANESE 627.22 1,003.17 0.63 1,078.13 667.61 1.61 410,48 938.58 0.44 967.91 1,132.33 0.85 459.06 514.50 0.89 1,821.98 973.83 1.87 
MERCURY 0.10 0.09 1.08 0.01 0.02 0.84 0.11 0.11 0.98 0.02 0.04 0.40 0.01 0.02 0.72 0.02 0.02 1.14 
NICKEL 2.27 14.75 0.15 2.06 13.84 0.15 2.10 15.43 0.14 2.12 13.38 0.16 2.03 14.40 0.14 1.78 12.73 0.14 
POTASSIUM 365.92 1,311.11 0.28 355.42 1,401.61 0.25 298.15 1,341.25 0.22 503.14 1,250.83 0.40 264.26 1,391.67 0.19 524.55 1,421.50 0.37 
SELENIUM 0.21 0.41 0.52 0.14 0.27 0.52 0.20 0.48 0.42 0.17 0.26 0.63 0.14 0.28 0.49 0.16 0.26 0.63 
SILVER 6.40 5.19 1.23 0.04 0.07 0.52 7.02 7.07 0.99 2.32 1:44 1.61 0.04 0.07 0.56 0.02 0.06 0.40 
SODIUM 30.38 46.26 0.66 . 34.32 70.31 0.49 32.36 49.80 0.65 27.25 39.18 0.70 32.05 71.20 0.45 41.70 68.53 0.61 
THALLIUM 0.05 0.25 0.18 0.04 0.26 0.15 0:05 0.26 0.21 0.03 0.25 0.13 0.04 0.26 0.15 0.04 0.26 0.16 
VANADIUM 9.22 38.59 0.24 3.99 44.56 0.09 10.4.1 40.36 0.26 5.27 35.05 0.15 3.41 43.77 0.08 4.89 46.15 0.11 
ZINC 18.47 63.23 0.29 9.48 50.37 0.19 18.64 69.88 0.27 8.80 49.93 0.18 6.97 49.78 0.14 14.01 51.57 0.27 
CYANIDE 0.16 0.25 0.63 0.09 0.20 0.47 0.18 0.27 0.68 0.09 0.21 0.44 0.10 . 0.21 0.47 0.09 0.18 0.51 
PH 0.83 7.07 0.12 1.00 5.73 0.17 0.62 7.24 0.09 1.13 6.72 0.17 1.03 5.81 0.18 1.00 5.58 0.18 

Averaqe CV 0.51 Averaqe CV 0.38 Averaqe CV 0.44 Averaqe CV 0.47 Averaqe CV 0.32 Average CV 0.42 

• CV = (Standard Deviation)/(Mean). Standard Deviation and Mean sample calculations are. provided in Appendix E • Sample Calculation Sheets . 

• • • 
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RISK ASSESSMENT APPENDICES 

1 REGION 9 PRG EXPOSURE ASSESSMENT METHODOLOGY 

2 REGION 3 IRON GUIDANCE 

3 . REGION 1 MANGANESE GUIDANCE 
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PRGs: What's New in 2000 

Subject: -Region 9 PROs Table 2000 
Update 

From: StanfordJ. Smucker, Ph.D. 
Regional Toxicologist (SFD-B-B) 
Technical Support Group 

To: PRG Table Users 

The Region 9 PRGs Table has been 
updated. You can find it at the PRG 
home page on the Web at: 
http://www.epa.govlregion09/ 
waste/sfundlprg/. 

PRG Home I What's New 
FAQ I Other Links 

R9 PRG Tables: 
A~Bu I Ca-De I Di-Fe I FJ-Mo I Na-Pu I 
Py-Zi 
Soil Calculations: 
A-Bu I Ca-De I Di-Fe I FJ-Mo I Na-Pu I 
Py-Zi . 
Air-Water Calculations: 
A-Bu I Ca-De I Di~Fe I FJ-Mol Na-Pu I 
Py-Zi . 
Toxicity Values: 
A-Bul Ca-De I Di-Fe I F1-Mo I Na..:Pu I 
Py-Zi . 
Pbys-Chem Data: 
A-Di I En-Tr . 

To minimize paper usage, the PRGs Table is now primarily available through 
the Internet. A PRG mailing list willn,o longer be maintairied for sending out . printed copies~ . . . ' 

The ri'sk-based concentrations ("PRGs") presented in the.Table reflect state-of
the-science approaches)n to~icology and exposure,assessment. Chemicals for 
which new toxiCity values have been added in the20(}Oupdate include: 

" benzene, chlorine,'cyclohexane, 4,4'~dictiIorobenzophenone, 1,3- . 
dichloropropelie, diisononyl phthalate; n,n-diphenyl-l,4 benzenediamlne 
(D}lPD), dysprosium,. ethylene glycol monobutylether, 
hexachIOJ;obutadiene, monomethyl and dimethyl hydrazines, 1,1'
sulfonylbis(4-chlorobenzene), thallium, trimeUitic anhydride (TMAN), . 
triphenylphosphine oXide, tris(2-chIoroethyJ) 'phosphate, vinyl chloride and 
uranium. In addition, 'Iead in industrial soils has a n~w "screening" PRG based' 
on the recommendations of the Technical Review Workgroup (TRW) for Lea~L Finally, two new "Cal-Modified PRGs" have been added forl~I-' ' , .' . 
dich,oroethane and MTBE based on Caiifornia EPA 'toxicity values.~ 

In this update, there are no changes to the exposure factors used to calculate. ' 
PRGs.We are hopeful that the'Dennal Guidance document entitled "Risk 

. Assessment Guidance for Superfund Volume I: Human Health Evaluation 
Manua{ (part E, Supplemental Guidance·for Dennal RiskAssessment) Interim' 
Guidance"will be officiallyreleased in the near foture. The recommendations 01 
the dermal workgroup that hadpreviollsly been incorporated in the 1999PRG 

, Table for'soi1 exposures have not changed. 

ttp:l!www :epa.govlregion09/waste!sfundlprglwhatsnew .h tm 
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Before relying on any numberin the table, it is recominended that the user 
verify.the nurribers with an agency toxicologist or risk assessor because th~ 
toxicity / exposure information in the table may contain errors or default 
assumptions that need to be refined based -onfufther evaluation. If you 'find an 
error please send mea note via email at smucker. stan @epa.gov . 

Region 9 Waste Home I Region 9 Superfund Home I Region 9 PRG H~me 
_ Region 9 Home I EPA Home I S~rchl Com~enistQuestions 

Region 9 Office: 75 Hawthorne St., San Francisco, Calif., 94105 

SeiuJ PRG~related co~ents and q~~tionsto smucker.stan@epa.gov 

Posted: November 3, 2000 

:' URL: http://www.epa.govlregjoo09/wastelsfuodlprg/WbatSnew.htm 

http://www.epa.gov/region09/waste/sfundJprg!whatsnew.htm 
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.. DlSCLAIMER 

· Preliminary remediation· goals (pRGs) focus on common. exposure patbways and may not 
.consider all exposure pathways encou·i1tered at CERCLA I RCRA sites (Exhibit 1-1). 
PRGs:do not consider impact to groundwater or a~dress ecological concerns. PRGs are 
specifically not intended as a (1) stand-alone decision-making tool, (2) as a substitute for 

· EPA guidance for preparing baseline risk assessments, or (3) a rule to determine ira waste 
is hazardous under RCRA. 

· The guidance set out in this document is not finaiAgencyaction. It is not intended, norcan 
it be relied upon to create any rights enforceable by any party in litigation with the United 
States. EPA offiCials maydecideto follow the guidanceprovid"ed herein," or act atvarianc~ 
with· the guidance, based on 3n analysis of specific circumstances. The Agency also 
reserves .the right to change this. guidance at any time without public notice. 

. ." 

1.0 INTRODUCTION 

.. Regioi19 Preliminary Remediation Goals (PRGs) are risk-based· tools for evaluating and cleaning 
. up contaminated. sites. They are being used to streamline and standardize all stages of the risk 
decision~rriakii1g process. 

The Region 9 PRG table combines ~uiTent EPA toxicity values with "standard" exposur~ factors 
: to estimate contamiIiant concentrations,in environmental media (soil, air, and water) tha!are· 
. considered protective of humans, including sensitive groups, ov~r a lifetime. Chemical 

concentrations above these leveis would not automatically designate a site as "dirtY" or trigger a 
response action. However, exceeding a PRG suggests that further evaluation of the potential 
risks that may be posed by site contaminants is appropriate. Further evaluation may include 
additional sampling, consideration of ambient levels in.the environmerit, or a reassessment of the 
assumptions· contained in these screening-Ievel·estimates (e;g. appropriateness of route-to:"route 

· extrapolations, approprhlteness of using chronictoxidty values to evaluate childhood exposures, 
appropriateness of generic exposure factors for a specific site etc.). . . 

The PRG .coh~entrations presented in the table can be 'used to screen pollutants in environmental 
·media, trigger further investigation, and provide an initial Cleanup goal if applicable~ When 
considenng PRGs as preliminary goals, residential concentrations should be used .for maximum 
benefici~l uses of a property. inqustrial concentrations are included in the table as an alternative 
Cleanup goal for soils. ill general, it is not recommended that industrial PRGs be used for 
screening sites unless they are used in conjunction with residential values. 

· Before applying PRGs as screening tools or initial goals, the user of the table should consider 
whether the exposure pathways and exposure scenarios at the site are fully accounted for in the 
PRG calculation. Region 9 PRG concentrations are based on exposure pathways for Which 

.. generally·accepted methods, models, and assumptions have been. developed (i.e. ingestion, 
dermal contact, and inhalation) for specific land'-use conditions and do not consider impaCt to 
groundwater or ecological receptors (see Developing a ConceptuaLSite Model below) .. 

1 
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EXHmIT 1-1 
TYPICAL EXPOSURE PATHWAYS BY MEDIUM .. e 

FOR RESIDENTIAL AND INDUSTRIAL LAND USEsa 

EXPOSURE PATHWA YS,ASSUMING: 

MEDIUM RESIDENTIAL LAND USE INDUSTRIAL LAN}) USE 

Ground Water Ingestion from drinking .. Ingestion from drinking 

Inhalation of volatiles .. Inhalation of volatiles 

Dermal absorption from Dermal absorption . 
bathing 

. Surface Water Ingestio.n /romdrinking . Ingestion from drinking 

.Inhalation of volatiles Inhalation of yolatiles 

Dermal absorption from · Dermal· absorption 
bathing 

Ingestion during swimming 
\ 

Ingestion -of contaminated fish . 

Soil Ingestion.· Ingestion > 

.. 
Inhalation of particulates Irihalation.o/particulates 

e· 
Inhalation of volaiiles .1nh~lation of volatilis 

Exposure to indoor air from Exposure to indoor air Irom 
. ',.... 

soil gas soil gas "-

Exposure to ground water Exposure to ground wat~r 
contaminated by soil leachate contaminated by soil 

leachate 

Ingestion via plant, meat, or · .. lIihalation of particulates . 
. dairy products · from trucks and heavy 

· equipment· 

Dermal absorption Dermal abso_TPtioir 

Footnote: 
3Exposure pathways considered in the PRGcalculations are indicated in boldface italics .. 
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2.0 READING THE PRG TABLE 

2.1' General Considerations 

With the exceptions described'below, PRGs are chemical concentrations that correspond to fixed' 
, levels of risk (i.e. either a one-in-one miJIion [10-6] cancer risk or a noncarcinogenic hazard 
quotient of I) in soil"air, and water. In most cases, where a substance causes both cancer and 
noncancer (systemic) effects, the ]0-6 cancer risk will result in a m:ore stringent criteria and 
consequentJythis value is presented, in the hard copy of the, table. PRG concentrations that 
equate'to a 10-6 cancer risk are indicated by "ca". PRG concentrations that equate to a hazard' ' 

, qU9tient of 1 for noncarcinogenicconcems are ,indicated by"nc". ' ' 

If the, risk-based concentrations are to be used for site screening, itis recommended that both 
'cancer and no~cancer-based PRGs be used. , Both carcinogenic and noncarcinogelt'ic values may 
'be obtained 'at the Region 9 PRG homepage at: 

, http://wwW.epa.gov/r~ion09/waste/sfund/prg/ 

It has come tom)! attention that some users have been multiplying the cancer PRG concentrations 
by. 10 or 1 00 to set "action levels" for triggering remediation or to set less stringentdeanup levels 
for a specific site after considering non-risk-:-basedfactors soch as ambient levels"detection 
limits, or technoJogical feasibility. ' This risk m~n~geinent practice recognizes thatthere may be a' ' 
range oevalues that maybe 'iacceptable" for carcinogenic risk (EPA's risk management range is 
one-in-a-million[ 1 0-6] to one-in-ten thousand [10-4]). However, this practice couldJead one to 
overlook serious noncancer health threats and ,it is~ strongly recommended that the user consult 
with a toxicologist or regionalftsk assessor before doing this. For carcinogens, I have indicated 
by asterisk ("ca*")in thePRG table where thenoncancerPRGs would be exceeded if the cancer 

'value'that is displayed is multiplied by 100. Two stars ("ca**") indicate that the noncancer 
values would be exce,eded if the cancer PRG were multiplied by 10., There is no rang~ of 
"acceptable"iloncarcinogenic "risk" so. that under no circumstances shouldnoncancer PRGsbe 
multiplied by 10 or 1 OO~ when setting fimir cleanup criteria'. ' 

" , 

Ingeneral,PRGconcentrations in the table are risk-based but for soil there are two important 
exceptions: (I) for several volatile chemicals, PROs are based on the soil saturation equation 
("sat") and (2) for reiatively less toxic inorganic and semivolatile contaminants, a non~risk b~sed 
"ceiling iim'it" concentration is given as 10+5 mg/kg ("max"). ' 

Also included in the PRG table are soil screeningJevels (SSLs).for protection of groundwater 
(see Section 2.3); and, California EPA PRGs ("CAL';Modified PRGs") for specific 'chemicals 
where CAL-EPA screening values may be "significantly" more restrictive than the federal values 
(see Section 2.4). ' , 
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2.2 Toxicity Values 

Heirarchy of ToxiCity Values 

EPA toxicity values, known as noncarcinogenic reference doses (RID) and carCinogenic slope 
factors (SF) were obtained from IRIS, NCEA (fonneriy ECAO) through September 2000, and 

'. HEAST. The priority among sources oftoxicological constants of the table in order of . 
preference isas [01l0ws: (1) IRIS (indicated by "i"), (2) NCEA ("n"), (3)HEAST ("h")~ (4). 
withdrawn from IRIS or HEAST and under review ("X") or obtained from other EPA documents 
("0"). 

Inhalation Conversion Facto~s. 

As of January 1991, IRIS and NCEA databases no longer present RIDs or SFs for the inhalation 
route. These criteria have been replaced with reference concentrations (RfC) fOr noncarcinogenic 
effects and unit risk factors (URF) for carcinogenic effects .. However, for purposes of estimati~g . 
risk.and calculating risk~based concentrations, inhalation reference doses(RIDi) and inhalation 
slope factors (SFi) are preferred. This is not a problem for most chemicals because' the inhalation 
toxicity criteria are easily converted. To calculate an RfDi from an RiC, the foilowingequation 
and assumptions may.be tisedfor mostchemic.als: .'. . 

RfD
. mg' 

. 1 
.' (kg-day) 

. 320m3 1 
R:fC(mg/m )x-, -x--

.: . day . 70kg 

Likewise, to calculate an SFi from an inhalation URF, the following equation and a~sumptions .. 
may Q~ used: .. 

SFl
. (kg - day) . day 103 ug 

URF(m3Iug)x--3 x 70kgx..:..·-= 
. . (mg) '. 20m mg 

Substances with New Toxidty Values 

To help users rapidly identify substances with new toxicity values, these chemicals are printed in 
boldface type. This issue of the PRGtable contains new or revised toxicity values for benzene, 
chlorine, cyclohexane, 4,4'-:dichlorobenzopheiIone, l;3-dichloropropen'e, diisononyl 

. phthalate, n,n-diphenyl-l,4 benzenediamine (DPPD), dysprosium, ethylene glycol 
monobutyl ether, hexachlorobutadiene, monomethyl an~ dimethyl hyd'razines, 1,1 '
sulfonylbis( 4-chlorobenzene), thalllum,.trimellitic anhydride (TMAN), triphenylphosp-.ine 
OXIde, tris(2-chloroethyl) phosphate,vinyl chloride and uranium.m addition, lead in 
industrial soils has anew PRO based on the recommendations of the Technical Review 
Workgroup (TRW) for Lead. 
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Route-to-Route Methods 

Route:..to-route extrapolations (lfrlf) were frequently used when there were no toxicity values 
available for a given route of exposure. Oral cancer slope factors (lfSFolf) and reference doses 
(lfRIDo") were used for' both oral and inhaled exposures for organic compoundsl~cking 
inhalation values. '. Inhalation slope factors (lfSFi,,) and inhalation reference doses (IRfDi") were 
used for both inhaled and oral exposures for organic compounds lacking oral values. Route 
extrapolations were not perfonned for inorganics due to portal of entry effects and known 
differences in absorption efficiency for the two routes of exposure. 

An.ad~itional route extrapolation is the use of oral toxicity values'for evaluating dennal . 
exposures. For many chemicals, a scientifically defensible data base does not exist for making 
an adjustment of an oral slope factorlRfD to estimate a dermal toxicity value. Based ori the 
current guidance (USEPA 2000a),the only chemical for which an adjustment is recommerided is 

· cadmium .. An oral absorption efficiency of 5% is as'sumed for cadmium which leads to an 
estimated dennal reference do~e (RfDd) of2.5E-.05. Please note that the PRG calculations for . 
cadmium are based on this adjustment. . 

. . 

Although route-to:-route methods are a useful screening prOCedure, the appropriateness of 
th~e default assumptions for specific contaminants should be verified by a toxicologist or 
regiomil risk assessor. Please note that whenever route-extrapolated values are used to 
calculate risk-b~sed PRGs, additional uncertainties are introduced In the calculation~ 

. 2.3 S'oil Screening L~vels 

· Generic, soU screening.levels (SSLs) f~r the protection of groundwater have been included.in the 
PRG table for 100 of the most common contaminants at Superfund sites. Generic SSLs are. 
derived using default values in standardized equations presented in Soil Screening Guidance 
(available from NTIS as document numbers PB96-963502·and PB96-963505 or EPAl5401R
.95/128 and EP A/5401R .,96/018). 

The SSLs were developed using a default dilution-attenuation factor (DAF) of20'to accouQtfor 
~atural processes that reduce contaminant concentrations in the subsurface: Also included are .' 
genericSSLsthat aSsume no dilution or attenuation between the source and the ~eceptor well' 
(i.e., a DAF of 1). These values can be used at sites where little or no dilution or attenuation of< 
soil leachate concentrations is expected'ata site (e.g., sites with shallow water tables, fractured 

· media, karst topography, or source size greater than 30 acres). 

In general, if an SSL is not exceeded for. the' migration to groundwater pathway, the user.irlay 
eliininate this pathway from further .investigation .. 

2.4 "Cal-Modified PRGs" 

When EPA Region 9 first came out with a Drafl:' of the PRG tables in 1992, there was' . 
. concern expressed by Califomia:EPA's Department of Toxic Substances and Control . 

. .. (DTSC) that for soine chemi~als, the risk-based concentrations calculated using Cal-EPA toxicity 
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values were "significantly" more protective than the risk-based PRGS'calculated by Region 9~ At 
an interagency meeting comprised of mostly toxicologists, it was agreed that values that differed by a factor of four or m'ore would be said to have "significant" difference in risk-based PRGs. 
Altho,-,gh [pur was a somewhat arbitrary cutoff point, it reflects a consideration that the numbers 
are not very;precise and at best, are order-of-magnitude estimates of risk. 

Cal:'Modified PRGs are included for those chemicals whereCal-EPAvalues are ;'significantly" more protective. The original list ofCal-ModifiedPRGs (cadmium, chromium 6, nickel, PAHs 
benzo(a)pyrene and benzo(k)fluoranthene, tetrachloroethylene [PCE] and lead which has been . withdrawn) were based on exposure factors and modeling assumptions presented in California 
EPA's Pteliminary Endangerment Assessment Guidance Manual (PEA 1994). Please note that any Cal-:Modified PRGs that have been added to this origiriallist after 1995 have been calculated using Cal-EPA toxicity values and Region 9~xposure methodology. In this issue of the PRG 
table, Cal-ModifiedPRGs have been adde~ for 1,1-dichloroethane and MTBE. In the State of 
California, Cal-Modified PRGs should be used as screening levels because they are more 
stririgen~ than the Federal numbers. 

2.5 Miscellaneous . 

Volatile organic compounds (VOCs) are. indicated by "I" in the VOC columnpfthe table and in general~ are defined as tho~e chemicals. having a Henry's Law constant greater than 1O~5 (atmm3/mol) and a molecular weight less than 200glmole). ThreeborderliJie chemicals . 
. (dibromochlo~omethane, 1 ,2-dibromochloropropane; and pyrene) which do not strictly meet 
these. criteria of volatility have also been included based upon discussions with other state and federaJ ag~ncies and after" a consideration of vapor pressure characteristics etc .. Volatile organic chemicals:are evaluated for potential volatilization from soiVwater to air using volatilization factors (see Section 4.1). . . 

ChemiCal-:specificdennal absorption values for contaminants·in soil and dust are presented for" · .. arsenic, cadrnium, chlordane; 2,4-D, DDT, lindane, TCDD,PAHs, PCBs, 'and . 
pentachlorophenols as recommended in the "Risk Assessment Guidance for Superfund. Volume I: 
Human Health Evaluation Manual (part E, Supplemental Guidancefor Dennal Risk Assessment) . Iriterim Guidance"{USEPA 2000):' Otherwise,default skin absorption fuictions are assumed to .. be 0.10 fof. nonvolatile organics. Please note. that previous defaults of 0.0 1 and 0.1 0 for 
inorganiCs and VOCs respectively, have been withdrawn per new guidance. . 

. 

·3.0 USING' THE PRG TABLE . . . . . . . . .' . '.' .' .: . 

The decision to use PRGs at a site will be driven 'by the potential benefits of having generic riskbased concentrations in the absence of site-specific risk assessments. The original intended· use . of PRGs was to' provide initial cleanup goals for individual'chemicals given specific medium and' land-use combinations (see RAGS Part B, 1991), however risk-based concentrations have several 
applications .. They can'also be used for: 

• Setting health;.based detection limits for 'chemicals of potential concern 

•• 

• 
Screening :sites to determine whether further evaluationis appropriate 

Calculating cumulative risks associat~d with mUltiple contaminants 
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A few.basic procedures are recommended for using PRGs properly. These are briefly described 
below. Potential problems with the use ofPRGs are also identified. 

3.1 Developing a Conceptual Site Model 

The primary condition for use ofPRGs is that expo'sure pathways 'ofconcem and conditions at 
the site match those taken into account by the PRG framework. Thus, it is always necessary to 
develop a conceptual site model (CSM)to identify likely contaminant source areas, expostir,e 
pathways, and potentia:! receptors. This information can be used to dettmnine the applicability of 
PRGs at the site and the need for additional information. For those pathways not covered by 

, PRGs; a risk assessment specific to these additional pathways may be necessary. Nonetheless, 
the PRG lookup values will still be useful in such situations for focuSing further investigative 

'. efforts oil the exposure pathways not addressed. 

'1od~veIop a siie"7specific CSM,perform an extensive records search and compile existing data 
(e.g. available site sampHng.data;historical records, aerial photographs, and hydrogeologic . 
information). Once this information is obtained, CSM worksheets such as those provided in' 

. ASTM's Standard Guide/or Risk-Based Corrective Action Applied at Petroleum Release Sites· 
(1995) can be used to tailor the gl:mericworksheet model to a site-specific CSM. The final CSM: 

. dIagram. represents linkages among contaminant sources,' release mechanisms, exposure, 
pathways and routes and receptors. It surri~ariz~s oUl~ understanding of the contamination 
problem. 

. As a fin~1. che~k~ the CS~ should' answer the following questions: 

.' . 

• Are there potential. ecological concerns? 

•. . Isthere'potentlai:[or land use other than those covered by the PRGs (that is, residential . 
. and 'iildustrial)? . 

• Are there other likely human exposure pathways that were not considered··in development 
.. of thePRGs (e.g. impact to groundwater ~.local fish consumption, .raising beef, dairy, or 
other IivestoGk)? .... . 

• . Are there unusual site conditions (e.g. large areas of contamination, high fugitive dust 
levels,.potential for indoor air contamination)? 

If any of these four conditions exist,the PRG may rie~d to be adjusted to reflect this new 
information. Suggested references for evaiuating pathways. not currently evaluated by Region 9 
PRG's are presented in Exhibit 3-1. 
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EXHIBIT 3-1 
SVGGESTED READINGS FOR EVALUATING EXPOSURE 

PATHWAYS NOT CURRENTLY ADDRESSED BY REGION 9 PRGs 

EXPOSURE P A TI-IWA Y REFERENCE 

Migration of contaminants to an underlying Soil Screening Guidance (USEPA 
potable aquifer ,1996a,b), 

Standard Guide/or Risk-Based CorreCtive 
Action Applied at Petroleum Release Sites 
(ASTM 1995) 

Ingestion via plant uptake Soil Screening Guidance (USEPA, 
1996a,bl 

Ingestion via meat, dairy products, human Estimating Exposure to Dioxin-Like 
milk Compou1'!ds (UsEp A 1994a) 

Inhalation of volatiles that have inigrated into User 'sGuide for JohnSon qnd Ettinger 
basements (1991) Model for Subsurface" Vapor 

Intrusion inio Bulldings (USEPA 1997a) 

E~ological pathways 4cological Risk Assessment: Guidance for 
Superfund: Proces.s for Designing and 

'" Conduciing Ecological Risk Assessments, 

" 
(USEPA 1997b), 
Guidance for Ecological Risk Assessmen( 
atHazardous Waste Sites and.permitted 
Facilities (CAL-EPA 199~ 

3.2 Background Lev,els Evaluation 

, A necesSary step in detefmining the usefulness of Region 9 PRGs is the consideration 6f' 
background contaminant concentrations. EPA may be concerned with, two types of background 
atsites:naturally occurring and anthropogenic. Natural background is usually limited to metals' 
whereas anthropogenic '(i.e. human-made) "background" includes both orgariic and inorganic 
contaminants. Before embarking on an extensive sampling and analysis program to dete'rmine 
local background concentrations in the area, one should first compile existing data on the subject. 
Far too often there is pertinentinfonrtation in the literature that gets ignored, resulting in needless 
expenditures oftirne and money. 

Generally EPA does not cleanup below na~ral background. In some cases, the predictive risk
,based models generate PRG levels that lie within or even below tyPical background. Ifnatural , 
, background concentrations are higher, than the risk-based PRGs; an adjustment of the PRG is 
probably needed. Exhibit 3-2 presents summary statistics for selected elements in soils that have 

"background levels that may exceed risk-based PRGs. An illustrative example of this is naturally 
occtirringarsenic'in soils which frequendy.is higher than the risk-based concentration set at a ' 
one:-in-one.:.million cancer risk (the PRG for residential soils is'0.39 mg/kg). After considering 
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background concentrations in a local area, EPA Region '9 has at times used the non-cancer PRG 
(22 mglkg) to .evaluate sites recognizing that this value tends to be above background levels yet 

", still falls within the range of soil. concentrations (0.39-:39 mg/kg) that equates to EPA's· 
"acceptable" cancer risk range of IOE-6 to IOE-4. 

. ..' . . . .-

Where: anthropogenic "background" levels exceed PRGs and EPA has determined that a response 
action')snecessary and feasible, EPA's goal will be to develop a comprehensive responst;: to the 
widespread contamination. This will 'often require coordination with different au~horities that' 
have jurisdiction over the sources of contaminatiol1 in,the area. 

, ' EXHIBIT 3-2 
BACKGROUND CONCENTRATIONS Or SELECTED ELEMENTS IN SOILS 

TRACE U.S; STUDY DATAl , 'CALIFORNIA DATAl 

ELEMENT Range GeoMean ArM-ean Range GeoMean J ArMean 

Arsenic <,1-97 5.2 mglkg 7.2mgikg 0.59,..11 2)5 mg/kg 3.54 mglkg' 

Beryllium <1-15 0.63 " 0.92 " 0.10-2.7 1.14. " 1.28 " . 

Cadmium <1-10 -- <I 0.O5-:l.7 0.26 " 0.36 

Chromium 1-2000 37 54 23-1579 76.25 122.08 

Nickel" <5':'700 13 19 9.0-509 35.75 56.60 

, IShacklette and Harisford, "Eleine~t Concentrations in Soils and Other SurfidaJ 'Maten~ls ciftheContenni~oUs 
" United States';,VSGS Professional P?ped270, 1984.· , 

2Bmcifordet. aI, "B~ckground Concentrations of Tmce and Major Eleme~ts in California Soils", Kearney 
Foundation Special Report, UC-Riverside and CAL-~PA DTSC, March 1996. " 

. . .. . '! 

. 3~3 Screening Sites:with Multiple Pollutants , 

. A suggested stepwise approach f~r PRG-screening of sites with mUltiple polluumts is as foliows: 

• " Perform an extensive recor~s search and compile exist!~g data. 

• Identify site contaminants in the PRG table. Record the PRG concentrations for 
"various media and note whether PRG is based on cancer risk (iridicated by "ca") 
ornoncancer hazard (indicated by "nc"). Segregate cancer PRGs from non-cancer 
,PRGsand exclude (but don"t eliminate) non-risk based PRGs ("sat" or "max"). 

• For cancer risk estimates, take the site-specific concentration (maximum or 95 
VGL) and divide by the PRG concentrations that are designated for cancer 
evaluation ("~a"). Multiply this ratio, by 10-6 to estimatechemical-specifrc risk for: 
a reasonable maximum exposure (RME). For multiple pOllutants, simply add the 
risk for' each chemical: 
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For non-cancer hazard eStimates. Divide the concentration tenn by its iesPe~tive 
non-canc'erPRG designated as ;'nc" and sum the ratios for·multiple·contaminants .. 

· The cumulative ratio represents a non~carcinogenic'hazard index (HI). A hazard 
index of 1 or less is generallycohsidered "safe". A ratio greater. than 1 suggests. 
further evaluation. [Note that carcinogens may also have an .associated noo
cancer PRG that is not listed in the printed copy of~he table sent to folks on 
the mailing list. To obtain these values, the user should view or dowrdoad the 
PRG table at our website and display the appropriate sections.] 

cone cone cone 
Hazard 'index = [( x) + ( . y) + ( . z) ) 

PRG 'PRG' '. PRG . 
x y . z 

For more'infonnation on screening site·risks, the read(!r should contact EPA Region 9's Techni~al 
'Support Group. 

3. 4 Potential Problems. 

As with anyrisk-based tool, the potential exists forinisapplicatiml; . In most cases the root cause 
Will be a lack of understanding of th~ intended use of Region 9 PRGs. In order to prevent misuse \ 

. ofPRGs, the following'should be avoided: 

• . Applying PRGs to a s'ite without adequately developing a conceptual site modt?l 

•• 

• 

• 

• 

• 
• 

that identifie:s relevant exposure pathways and exposure scenarios, 

Not consideringbackgroulJdconce~trations when choosingPRGs as'cleanup . 
goals, 

UseofPRGs as cleanup levels without the nine-criteria analysis specified in the 
· National Contingency Plan (or, ,comparable analysis for programs outside of . 

Superfund), . . 

Use ofPRGs as cleanup leveis without verifying numbers with a toxicologist or 
region~lrisk assessor; . . 

Use: of antiquated. PRG tables th~t have been superseded. by more recent 
'publications, 

Not considering the effects of additivity when screening mUltiple chemicals, and 

· Adjusting PRGs upward by factors of 10 or 100 without consulting a. toxicologist 
or regional risk assessor. 
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4,.0 TECHNICAL SUPPORT DOCUMENTATION 

Region 9 PRGs consider human exposure hazards to chemicals from contact with contaminated 
soils, air,and water. The emphasis of the PRG equations andtechn.i~al discussion are aimed at 
developing screening criteria for soils, since this is an area where few.standards exist. For air 
and water, additional reference ' concentrations or standards are available for many chemicals (e.g. 
MCLs, non-zero MCLGs, A WQC, and NAAQS) and consequently the discussiori of these media 
are brief. 

4;1 ' Soils - Direct Ingestion 

Caiculation of risle-based PRGs for direct ingestion of soil is based on methods presented in ' 
RAGS HHEM, Part B (USEP A 1991 a) and Soil Screening Guidance (USEPA 1996a,b). 
Briefly, these rriethods backcalcuhite a soil concentration level from a target risk (for 

'carcinogens) or hazard quotient (for noncarc'inogens) . 

• , A number of studies have'showri that inadvertent ingestion of soil is ~ommon among children 6' , 
years old and younger (Calabrese et al. 1989, Davis et a1.1990; Van Wijnenet al. 1990). To take, 
into account the higher soil intake rate fOf children, two different approaches are used to estimate, . 
PRGs, dependinglJn whether the adverse health effect is cancer or some effect other than cancer. 

'For carcinogens, the method for calculating PRGs uses an age-adjusted soil ingestion factor that 
takes into account th,~difference in daily soil ingestion rates, body weights" and exposure 
duration for children from f to 6 years old and others from 7 to 31 years old. This health- ' 
protective approach is chosen to take into account the higher daily rates of soil ingestion in 

,,'children aswell as the longer duration of exposure that is anticipated for a long-term resident~ 
For more o'nthismethod, see USEPA RAGs PartB (1991a). 

,For noncarcinogenic concerns,the more protective method of calculating a soil PRG is to 
evaluate childhood exposures separately front' adult exposures. In other words, an age:' 
adjustment fadoris not applied as was done for carcinogens. This approach is considered 
conservative because it combines the higher 6-year exposure fot children with chronic toxicitY 
criteria. In their aIlalysis of the method, the SCience Advisory Board (SAB) indicated that, for 

, most chemicals, the approach may be overly protec~ive. However, they note,dthat there are 
spe~ific instances when the chronic RiD may be based on ~ndpoints of toxicity that are ·specific 
to children (e.g. fluo'rideand nitrates) or when the dose-respon,se is steep {i.e., the,do~age 

, difference between the no-observed-adverse-effects level [NOAEL] and an adverse effects level 
, is'small). Thus, for the purposes ofscreeni~g, EPA Region 9 has adopted this approach for 
calculating soil PRGs for noncarcinogenic health concerns. , 

4.2 Soils - Vapor and Particulate Inhalation 

Agency toxicity criteria indicate that risks from exposure to some chemicals via inhalation far 
outweigh the risk via ingestion; therefore soil PRGs have been designed to address this pathway 

, 'as well. The models used to calculate PRGs for inhalation of volatiles/particulates are updates of 
risk assessmentinethods presented in RAGS Part i3 (USEPA 1991 a) and are identical to the Soil 
Screening Guidance: User's Guide and Technical Background Document ,(USEPA 1996a,b) . 
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To address the soil-to-air pathways the 'PRG calculations incorporat~ volatilization factors (VFJ .. 
fot volatile contaminants and particulate emission factors (PEF) for nonvolatile contaminants . 
Thesefactors relate soil contaminant concentrations to air contaminant concentrations that may 
be inhaled on-site. The VFs and PEF equations can be broken into two separate models:' an , 
emission model to estimate emissions ()fthe contaminant from the soil and a dispersion model to' 
simuhlte the dispersion of the contaminant in the atmospher~. . 

" 

It should be noted that the box model in RAGS Part B has been replaced with a dispersion term' 
. (Q/C) derived from a modeling exercise using meteorological data from 29 locations across the 
United States, because the box model may not be applicableto a broad range of site types and" 
meteorology and does not utilize state-of":the-art techniques developed for regulatory dispersion 
modeling. The dispersion model for bothvolatil~s and particulates is the AREA-ST, an updated 
version ofthe Office of Air Quality Planning and Standards, Industrial Source Complex 'Model, 
ISC2. However, different Q/C terms are used in the VF and PEF equations. Los AngeJes w~ 
selected as the 90th percentile data set for volatiles and Minneapolis was selected as the 90th " 
percentile data setfor fugitive dusts (USEPA 1996 a,b)., A default source size of 0.5 acres was 
chosen for the PRG caJculations. This cis consistent with the default ~xposure area over which, .. 
i{egion 9 typically averages contarriinant concentrations in soik Iflmus~al site conditionsexist· 
such that the area source is substantially larger than the default source size assumed here, an . 
alternative Q/C could be applied (see USEPA 1996a,b). 

Volatilization Factor for Soils 

Volatile chemicals, defined as those chemicals having a Henry's Law constant greater than 
10-5 (atm-m3 Imol) and a molecular weight less than 200 glmole, 'were 'screened for inii~lation .' 
exposures using a'volatilization factor for soils (VFJ. Please note thatVFs's are available at our 
~~i . . . 

The emission tetiris tised,in theVFs ' are chemical-specific and were' calculated from physical~ 
chemical information obtain~d from several sources. The priority'ofthese sources were as 
follows:, Soil Screening Guidance (USEPA 1996a,b), . Superfund Chemical Data Matrix ' 
(USEPA 19.96c), Fate and Exposure Data (Howard 1991), Subs1irfaceContaminafion Reference 
.Guide (EPA 1990a), and Supeifund &posure Assessment Manual (SEAM,EP A 1988). In those 
cases where Diffusivity Coefficients (Di) were, not provided In existing Iiterature,.Di's were ,. 
calculated using Fuller's Method described in SEAM. A surrogate termwas'required for,sOllIe 

.. chemicals that lacked physico-chemical information. In these cases,' a 'proxy chemical. of similar' . 
structure was used that may over- or undeJ:-estimate the PRG for soils. 

, ' . 

Equation 4-9 forms the basis for deriving generic soil PRGs for the inhalation pathway. The, 
following parameters in the standardizede,quation can ,be replaced with specific site d .. ta to' 
develop a simple site-specific PRG 

• Source area 
• Average soil inoisture content 
• Average. fraction organic carbon content 
• . Dry soil bulk density 

The basic principle of the VFs model (Henry's law) is applicable only If the soil contaminant 
concentration is at or below soil saturation "sat". Above the soil saturation limit, the model 
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cannot predict an accurate VF -based "PRG. How "these particul~r cases are handled, depends on 
whether the contaminant is liquid or solid at ambient soil temperatU"res (see Section 4.5). 

Particulate Emission Factor for Soils" 

Inhalation of chemicals adsorbed to respirable particles (pMJO) were assessed using "a default PEF 
equal to 1. 316 x 109 m3Jkg"that relates the contaminant concentration in soil with the 
concentration of respirable partiCles in the air due to fugitive dust emissions from contaminated 
soils. The genericPEF was derived using default values in Equation 4-11, which corresponds to 
a receptor point concentration of approximately 0.76 uglm3~ The relationship IS derived by " 
Cowherd (1985) for a rapid assessment procedure applicable to"a typical hazardous waste site 
where the surface contamination provides a relatively contin"uous and constant potential for 
emission over an extendedperiodbftime (e~g. years). This represents an annu~l"average 

"emission rate based on wind erosion that should"be compared with chronic health criteria; it is" " 
not appn)priate for evaluating the potential for more acute exposures: 

The impact of the PEF on the resultant PRO concentration " (that combines soil exposure 
pathways for ingestion, skin "contact, mld inhahltion) can be assessed by accessing the Region 9 

" PRG website" and viewing the pathway-specific " soil concentrations. Equation 4:..11 forms the 
"basis for deriving a generic PEF for the inhalation pathway. for more details regarding specific" "" 

parameters used in the P.E;F modei, the rea:der is referred"to Soil Screening Guidance:. Technical 
BackgrOund Document (USEPA 1996a). " 

Note: the generic PEF evaluates wi~dborne emissions and does not consider dust emissions" 
from traffic or other forms Ofniechanicaldisturbance that could lead to greater emissions 
than assumed "here. " 

4.3" Soils;.. Dermal Exposure 

Dermal Contact Assumptions 

Since the 1998 PRG table was issued,exposure factors for dermal contact with soil have changed "" 
in a few cases (USEPA 2000a). "Recommended RME (re~sonable maximum exposure) defa:uits" " """ 

"for adult w~rkers' skin surface areas (3300 cm2/day) "and soil adherence factors (O.2:mglcrri~ nQw 
differ from the defimlts recommended for adultresjqents (5700 crri2/day, 0.07 mg/cm~as noted 
in Exhibit 4-1. Thisis due "to differences in the range of activities experienced by workers verSus "" " 

" residentS. 

Dermal Absorption 
" " 

Chemical-specific "skin absorption values recommended by the Superfund" Dermal Wor;kgroup 
were applied when available. Chemical-specific"values are included for the following chemicals: " 
arsenic, cadmium, chlordane, 2,4-0; DDT, lindane, TCDD,PAHs, PCBs, and 
pentachlorophenols. " 

The recently issued "Risk Assessment Guidance for Superfund Volume I: HumanHealth 
Evaluation Manual (part E, Supplemental Guidance for Dermal Risk Assessment) Interim 
Guidance" (USEPA 2000a) recommends a" default dennalabsorption factor for semivolatile 
organic compounds of 10% as" a s"creening method for the majority of SVOCs without dermal 
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absorption factors. Default dermafabsorption values for other chemicals (VOCs and inorganics) 
are not recommended in the new guidance. Therefore, the assumption of 1 % for inorganics and . 
J 0%· for volatiles is no longer included in the Region 9 PRG table. This change has minimal. 

· impact on the fina] risk-based calculations because human exposure to VOCsand inorganics in . 
soils is ge~erally driven by other pathways of e.~posure, . . . 

4-.4: Soils - Migration to Groundwater 

· The methodology forcalcuiating SSLs for. the migration to groundwater was developed to 
identify chemical concentrations in soil that have the pOtential to contaminate groundwater .. 
Migration of colltaminants from soil to groundwater can be envision·ed as a two-stage process: 
(J) release of conta~inant in soil leachate and (2) transport of the contaminant through the 

. undedying soil and aquifer to areceptor w¢ll. The SSL methodology considers both of these fate 
and transport mechanisms. ' . . . 

SSLs arebackcalcul~ted ·from acceptable ground water concentrations (i.e. nonzero MCLGs, 
MCLs,-orrisk-based.PRGs). First, the acceptable groundwater concentration is multiplied bya 
dilution factor to obtain a target leachate concentration.·For example, if the dilution factor is 10·· 
and the acceptable ground water concentration is 0.05 mg/L, the target soil leachate concentration 
would be 0.5·mgIL. The partition equation (presented in the Soil Screening Guidance document) 
· is. then used to calculate· the total soil concentration (Le. SSL) correspOQding to this soil leachate 
concentration. 

The SSL methodology was. designed for use d~ring the early stages of a site evaluation when 
information about subsurface conditions may be limited. Because of this constraint, the 
·!llethodology is basc::~()nconservative, simplifying assumptions about the release and transport 
of contaminants in the. subsurface. For more on SSLs, 'tnd how to calculate site-specificSSLs 
versus generic SSLs presented in thePRG ·table, the reader is referred to the Soil Screening 
Guidance document (USEPA i 996a,b). . .. . 

4.5 Soil Saturation Limit .. 

The soil saturation conc.entration "sat'~ cOiTesppnds to the contaminant concentration in soil at 
which the absorptive limits of the soil particles, the solubilitylimitsofth.~ soil porewatet,a~d . 
satUration of soil pore air have been reached. Above this concentration, the soil contaminant may 
be present in free phaSe, Le., nonaqueous phase liquids (NAPLs) foi-contaminants that are liquid 
at ambient soil temperatures and.pure solid phases for compoullds th~t are solid at ·ambient soil 
. temperatures; 

. Equation 4-10 is used to calculate "sat" for each volatile contaminant. As an update to RAGS 
lIHEM, Part B .(USEP A 1991 a), this equation takes into account the amount of contaminant that . 
is in the vapor phase in soil in addition to the amountdissoived in the soil's pore water and 
sorhedto soil particles. 

Chemical-specific "sat" concentrations mustbe compared with each VF-based PRG b~cause a 
basic principle. of the .PRG volatilization model. is not applicabJe whtm free-phase contaminants . 
are present.· How these cases are handlea depends on whether the contaminant is liquid or solid 
at ambient temperatures. Liquid contaminant that have a VF-based PRG that exceeds the "sat" . 
concentration are set equal to "sat" whereas fotsolids (e.g.,.PAHs), soil screening decisions are 

14 

fe 



C". -' ... :, , . 

c. 

I.'. 
;"'" 

~ :i I 

based on the' appropriate PRGs for other pathways ofconcein at the site (e,.g., ingestio~). 
4.6 Ground Water/Surface Water - Ingestion and Inhalation 

Calculation ofPRGs for ingestion and inhalation'of contaminants in domestic wateris based on 
the methodology presented in RAGS HHEM, PartB (USEPA 1991a): Ingestion of drinking, 
water is an appropri~te pathway for all chemicals. For the purposesofthis guidance, however, , 
inbalation of volatile chemicals from water is considered routinely only for cheQ1icals with a 
Henry's Law constant of 1 x IOc5 atm-m3Jinole oc'greater and with a molecular weight ofless ' 
than 200 g/mole.' ' , 

, , 

'For volatile chemicals, an tipperboundvolatilization constant (VF w) is used that is based on all 
uses ofhou'sehold water (e.g showering, laundering, and dish washing). Certain assumptions 

,were made. For example, it is assumed that the volume of water used: in a residence for a family 
of four is 720 Uday, the volume of the ,dwelling is 150,000 L and the air exchange rate is 0.25 air, . ' , 

changeslhour (AndelmilIl in RAGS Part B)~ Furthermore; iris assumed that the average transfer 
efficiency weighted by water use is 50 percent (i.e. half of the concentration "of each chemical in, 
water wili be transferred into air by all, water uses). Note: the range of transfer efficiencies 
extends from 30% foJ;' toilets to 90% for dishwashers. ' 

, 4.7 I)efault'E~posure Factors 

Default exposure factors were obtained primarily from RAGS Supplemental GuidanceStaQdatd 
Default Exposure Factors (OSWER Directive~ 9285.6-03) dated March 25, 1991 ,and more, ' 
recent information from U.S: EPA's Office of Solid Waste'and Emergency Response, U.S~ 
EPA's Office of Research and Development, arid California EPA's Department of Toxic ' 

'Substances Controf(see E~hibit 4-1). " , 
- . . . 

, , , 

,Beclluse contact rates may be different for ch,ildr~n arid adults, carcinogenic risks dUring the fItSt " 
30 years oflife were calculated using age-adjusted factors ("adj"). Use of age~adjusted factors 

'are e~pecially imp.ortant for soil ingestion exposures, which are higher during childhood and ' 
decrease with age., Howe~er, for purposes of combining exposures across pathways, additional 

,age-adjusted f.actors are used for inhalation and dermal exposures. These factors approximate the ' 
Integrated exposure from birth until age 30 combining con~ct rates, bOdy weights, and exposure 
durations for two age groups,- sma]l children and adults: Age':'adjusted factors were (:)btained 

, from RAGS PART B or developed by analogy (see derivations next page). ' 

" 
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For soils only, noncarcinogenic contal11inantsare evaluated in children. separately from adults .. 
No age-adjustment factor is used in this case. Th~ focus on children is considered protective of 
the higher daily intake rates of soil by children and their lower body weight.F or maintaming' . 
consistency wheri evaluating soils, dermal. and inhal~tion exposures are also based on childhood . 

. contact rates. 

(1) ingestion([ mg"'yr ]/[kg:-d]: 

(2) skin contact([mg-yr]/[kg-dJ:' 

SFSadj = 

. (3) . inhalation Qml-yr]/[kg.;.d]): 

(EDi - EDc> xAF x SAa 

. BWa · 

(EDe - EPc> x .IRAa 
+ ...,...-:----:B:::-:W~--...,.. 

.. a 
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Symbol 

CSFo 
CSFi' 
RIDo 
RIDi 

TR 
THQ 

' 8WlJ 
BWc 

,ATc 
ATn 

,SAa 

SAc 

AFa. 

AFc 

AsS 

IRAa 
IRAc 

IRWa 
IRWc 

IRSa 
IRSc 

, IRSo 

EFr 
EFo 

EDr 
EDc 
EDo 

IFSadj 
SFSadj 
InhFadj 

,IFWadj' 

VFw 
PEF 
VFs 
sat 

EXHIBIt 4-1 
STANDAJU) DEFAULT'FACTORS 

I?efinition (units) 

Cancer slope factor oral (mglkg-d}-1 . 
Cancer slope, factor inhaled (mglkg~)-1 
Reference dose oral,(mglkg-d) 
Reference dose inhaled (mglkg-d) 

Target cancer risk 
Target hazard quotient 

Body weight. adult (kg) 
Body weight, child (kg) 

Averaging, time - carcinogens (days) 
Averaging time - noncarcinogens (days) 

10-6 
1 

70 
15 

25550 
ED*365 

Exposed surface area for soil/dust (cm2/day)' ," 
- adult resident 5700 
- adult worker 3300 
Exposed surface area, child in ~oil (cm2/day) 2800 

Adheren~ fador, soils (mgIcm~ 
- adult resident " 
- adult wor!<er . ' 
Adherence factor, child (mgJ~ 

Skin absorption defaults (unith~ss): 
.:.. semicliolatile organics ' 
- voiatile organics' 
- inorganicS 

irlhalation rate ~ adult (m'/day) 
,Inhalation rate~ child (m'/day) 

Drinking water ingestion - adult, (Uday 
Drinking water ingestion - child, (l!day) 

0.07 
0.2, 
0.2 

0.1 

20 
,10 

2 
1 

Soil ingestiori - adult (mglday) 100 
. Soil ingestion - child (mglday); 200 

Soil ingestion - occupational (mgJday) 50 

Exposure frequency - residential (dly) 350 . 
Exposure frequenCy - occupational (dIy) , 250 

Exposure duration - residential (years) , 30" 
, exposure duration -child (years) 6 
, Exposure duration - oCcupational (years) , 25 

Age-adjusted fadors for carcinogens: 
IngestiQfl factor, soils (lmg-yrJllkg-d) 114 
Dermalfador~ soils (lmg-yrY[kg-d) 361 
Inhalation fador, air ([m'-yry[kg-<l]) 11 
Ingestion factor, water ([L-yrJllkg-dD' 1.1 

Volatilization fador for water (Urn') 
Particulate emission factor (m'lkg) 
Volatilization fador for soil (in'lkg) 
Soil saturation concentration' (mglkg) 

0.5 
See below 
See below 
See below 

, Reference 

IRIS,HEASt, or NCEA 
IRIS, HEAST, or NCEA 
IRIS, HEAST, or NCEA 
IRIS, HEAST. or NCEA 

RAGS (Part A), EPA 1989 (EPAl54011-89/002) 
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

RAGS(Part A), EPA 1969 (EPAl540/1-69/oo2) 

Derm~1 AssessmEmt, EPA 2000 (EPA/540/R-99/005) 

Dermal Assessment, EPA 2000 (EPA/540/R-991005), 

Dermal'Assessment, EPA 2000 (EPAl540/R799/oo5) 

Dermal Assessment, EPA 2000 (EPAl5401R-99/oo5) 

Dermal Assessment, EPA 2000 (EPAl5401R"99/005) 
Dermal Assessment,EPA ~000 (EPAl540/R-99/005) 
Dermal Assessment, EPA2000 (EPAl540/R-99/005) 

Exposure Factors, EPA 1991 '(OSWER No: 9285.6-03) 
Exposure Factors, EPA 1997 (EPN600/P-95/002Fa) . 

RAGS(PartA), EPA 1969 (EPN54011~9/002) 
PEA .. Cal"EPA (DTSC, 1994) '. 

, " 

Exposure Factors,'EPA 1991 (OSWERNo. 9285,6-03) 
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 
Exposure Factors, EPA 1991 '(OSWER No. 9285:6-03) 

, ' 

ExPo~ure Factors, EPA 1991,(OSWER No. 9285.6-03) 
Exposure Factors, EPA 1991 (OSWER No. 9285.6-03) 

Exposure Factors, EPA 1991.(O~WER No: 9285.6-03) 
. Exposure Factors, EPA 1991' (OSWER No. 9285.6-03) , 

Exposure F:actors, EPA 1991 (OSWER No. 9285.6-03) 

RAGS(Part B), EPA 1991 (OSWER No. 9285~7-01B) 
" By analogy to RAGS (Part B). 

By analogy to RAGS (Part B) 
By analogy to RAGS (Part B) 

RAGS(Part B), EPA 1991 (OSWER No. 9285.7-01B) 
Soil Screening Guidance (EPA 1996a,b) 
Soil Screening Gliidance (EPA 1,996a,b) 
SoiJ'Screening Guidance (EPA 1996a,b) 

Footnote: 
'Exposure duration for lifetime residents !s assumed to, be 3D'years total. For carcinogens; exposures are combined for children (6 years) 
and adults (24 years) . ' '.. . . 
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4.8 Standardized Equations 

The equations used to calculate the PRGs for carcinogenic and noncarcinogenic contaminants are • 
presented iriEquations 4-1 through 4-8. The PRG equations update RAGS Part B equations. The: . . . 
methodology backcalculates'a soil, air, or water concentration level from a target risk (for car~inogens) . 
or hazard quotient (fornoncarcinogens). For completeness, the soil equations combine risks from' 
ingestion, skin contact, and inhalation simultaneously. Note: the electronic version of the table also'. 
inCludes pathway-specific PRGs, should the user decide against combining specific exposure pathways; 
or, the user wants to identify the relative contribution of each pathway to exposure. 

To calculate PRGs for volatile .chemicals in soil, a chemical-specific volatilization factor iscalculat<!d 
per Equation 4-9. Because of its reliance.on Henry's law, the VFsmodel is applicable only. when the 
contaminant concentration in soil is at or below saturation (i.e. there is no free-phase contaminant 

. present). Soil saturation ("sat") corresponds to the Contaminant concentration. in soil at which the .. 
adsorptive limits of the soil particles and .the solubility limits of the available soil moisture have been 
reached. AbOve this point, pure I}quid-phase contaminant is expected inthe soil. If the PRG calculated 
~sing VFs was greater than the calculated sat; the PRG was set equal to sat, in accordance with Soil 
Scree'ning Guidance (USEP A 1996 a,b). The equation for deriving sat is presented in Equation 4-10. 

·PRG EQUATIONS 

Soil Equations: For soils, equations were based on three exposure routes (ingestion, skin contact, and· 
. inhalation). 

. Equation 4-1:. Co~bined Exposures to Carcinogenic Contaminants in ResidenthdSoil 

. C(mg/kg) 
. TR x ATc 

Equation 4-2: Combined Exposures to Noncarcinogenic Contaminants in Residential Soil 

C(mg/ kg} 
1 . IRA . 

+. ( __ . x __ c)] 
. RfD. VF s 

. ~ s 

Equation 4-3: Combined Exposures toCarcinogenic Contaminantsin Industrial Soil 

C(mg/kg) 
IRS x CSF SA x AF x .ABS xCSF IRA x CSF. 

EFo x EDo [( 0 0) + ( a 0) + ( a ~)] . 
l06mgjkg l06mg/ kg VF: 

Footnote: 
'Use VFsfor volatile chemicals (defined as having a Henry's Law Coristant [(itm-m3/mol] greater than lO-s and a molecular 
weight less than 200 grams/mol) or PEF for non-volatile chemicals. 
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SOIL SA TURATION CONCENTRATION (sat) 

Equation 4-10: Derivation oftbe Soil Saturation Limit 

. S . 
sa t = - (KeF + a + Hla )' 

P
b

... b ... a 

Parameter Definition (units) Default 

sat Soil saturation concentration (mglk~ 

S Solubility in water (mglL-water) . . Chemical.,.specific 

. PI, Dry soil bulk density (kgIL) 15 

.. Ii . Total soil porosity C40r/LsoJ 0:43 or 1 - (pJpJ 

P. . Soil particle density (kgIL) 2.65. 

~ . Soil~water partition coefficient (llkg) K..c x foc (chemical-specific) 

~ Soil organic carbon/water partition coefficient (llkg) . Chemical-specific. 

·foc Fraction organic carbon content of soil. (gig) 0.006 or site-specific .. 

• 9 w . Water-filled soil porosity CLw.te!L",J 0.15 

( 
. . Air filled soil porosity (ta/LsoJ· 

... .. 
··.9a 0.28orn-9", 

w . Average soil moisture content 0.1 
(k~&oa or L_Jkg.,J 

H . Henry's Law constant (atm-mJ Imol) Chemical-specific 

Ii' Dimensionless Henry's Law constant H x 41, where 41 is a units 
conversion factor 

c.··· . 
. '-'" 
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( ... 

THQ x BWa x ATn 
C(mg/k~) -.-------------l------~I~R~S~-------------S~A---X-A-F=-x~.~AB-·~S----

EF x ED [ ( ____ x 0 ) + (1 a ) + 
. 0 . 0 RfDo l06ing/ J(g- RfDo X l06mg/ kg· 

Equation 4-4: Combined Exposures to Noncarcinogenic Contaminants in Industrial Soil 

nip Water Equations: 

. . 

Equation 4-5: Ingestion an~ Inhalation Exposures to Carcinogenic Contaminants io:Water. 

C( ug/ L) 
TR x AT x lOOOug/mg .. e 

Equation 4-6: Ingestion and Inhalation Exposures.toNoncarcinogenic Contaminants in Water 

C(ug/L) 
THQ x BWa xATnx lOOOug/mg 

IRW VF x IRA· 
EFr x EDr [( RfD

a
) + ( .. "RfD. a) J 

"0 .~ 

Air Equations: ... 

Equation 4-7: Inhalation Exposures to Carcinogenic Contaminants in Air 

.TR x ATe X lOOOug/mg 

EFr x InhFadj x CSFi 

Equation 4-8: . Inhalation Exposures to Noncarcin·ogenic Contaminants in Air 

C( ug/m3) 
THO x RfD. x BW x AT x lOOOug/mg 

~ an. 

Footnote: 
·Use VF s for volatile chemicals (defined as having a Henry's Law Constant [atm-m3/mol] greater than J O-s an.d a molecular 
weight less than· 200 gramslmol)or PEF. for non-volatile chemicals_ . 
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SOIL-rO-AIRVOLATILIZATION FACTOR(VFJ 

Equation 4-9: Derivation of the Volatilization Factor 

where: 

Parameter 

VFs 

Qic 

T 

Pb 

O • 

n 

Ow 

Ps 

Di 

H' 

H' 

foe 

VF (m 3 /kg)" = 
(3.14 X DA x T) 1/2 

( Q / C) x x 10 - 4 (m 2/ em 2 ) . s (2 X Pb x D
A

) 

[(e!013 Di-H , -t- e~O/3D.,> /n2] 

PBKd + .8w + eaH' 

Defmition (units) 

i 
Volatilization factor (mJ/kg) 

Apparent diffusivity (cm2/s)· 

Inverse of the' mean conc. at the center ofa 
O.5-acre square source (glm2_s per kglmJ

) 

Exposure intervaJ(s) 

. Drysoil bulk density (glcmJ
) 

Air filled soil porosity (L.jL",;J 

Total soil porosity (I;lO;/L.o;J; 

Water-filled soil porosity (LwaI./Lso;J 

Soil particle density (g/cmJ) 

Diffusivity in air (cm2/s) 

Henry's Law constant (atm-mJ/mol) 

Di~ensionieSs Henry's' Law constant 

Diffusivity in water (cm2/s) 

Soil-water partition coefficient ( cmJ /g) = Ko.,[oc 

Soil organic carbon-water partition coefficient (cmJ/g) 

Fraction ,organic carbon in soil (gig) 

20 

68.81 

9.5 X 108 

'1.5. 

0.28 or n-Ow 

0.43 or l- (pJps) 

0.15 

.2.65 

ChemicaJ~specific 

Chemical-sPecific 

Calculated from H by multiplying by 41 
(USEPA 1991a) . 

Chemical-speCific 

Chemical-specifis; 

Chemical-specific . 

'0.006 (0.6%) 
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SOIL-TO-Am PARTICULATE EMISSION FACTOR (PEF) 

Equation 4-11: Derivation of the Particulate Emission Factor 

. Panimeter . 

PEF 

.Q/C 

V. 

F(x) 

Definition (units) 

Particulate emission factor (m1/kg) 

.. 
. Inverse of the mean concentration at the center 
of a O.5-acre-squaiesource (glm2 -s per kglm1) 

F~ction of vegetative c~ver (unitless) 

Mean annual windspeed (mls) 

Equiv~lent threshold value of winds peed at 7 m (mI~) 

Function depend~nt on UjU, derived using 
Cowherd (1985) (unitless) 

3600s/h 

1.316 X 109 

90.80 

0.5 

4.69 

11.32 . 

e 
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DATE: M~rch 16, 2000 

TO: Chem!Tox 

From: Bob J'upin 

Subject: RfD for Iron , .. ' .. ;.: 

TheRfD used to evaluate expos~res to iron is based;onth'e'recommended dietary allowance (RDA) for 

adults. Alvaro Alyarado, toxicologist for EPA. RegiQn Ill, has advised us that sincEi' children and 

adolescents ~e~Uire'!l10re 'iron" i~'th~i':diets .th~n: 'ad~lt~ . do., exposu.r£is~.:·to·iron. ':b~. childr~:n, shoU·ld. be 

evaluate "ri' a RfD basedon:the RD~.for chiklre~.': ~he ~~~~m~~ndRfDfor~hildr~nexp~se~to~ron 
• . . . . ' .. ~ 'Y'" . .' . • .. . . 

is 1.1 mg/kg/day; :Altached is a cb"py of ,the NationalCenter for· EnVironmental. Assessinenfs: (NCEA) Risk 

Assessment IssuePapedo~:iron, Which prb~idestheb~~is forthe RfD: ': " .' .... 
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,;,;",,:;;.': !,',Risk Assessment Issue Paper for: 
Derivation of' a ProvisionalRf'D for Iron (CASRN 7'43'9-89"6) 

. :,'" 

} I. 
" . : 

,'J' . INTRODUCTION 

ReView docum~nts availabl~ for iron and compounds include a Health Effects. 
Assessmerii(U.S: EP~~198~J.arui"teviews by )acobs(1977), Bothwell et aI. (1979)~ and' 
Lauffer(19~1).Thefollo)Ying~·Qmp'uter sear,clles, performed in April,' 1993, were ..... . 
screened to idetltif)':adCfitiori'al"pertineQt studies~not discussed inrevi.eWdocumentS:: 
TOXLINH.,(oral imdJnhalation toxicity;~cancc:r fi1:>m 1~83-Apri1. 1993),.. ... . 
CANCERLINE (199.0,c~April, 1993), -MEDLINE {1991 .·April, 1993), TSCATS, 
RTECS, and HSDB. .': 0: .. 

. IronJs,notlist~'()n 'nus (ItS : EPA, 1995a), the RfDIRfC WorkGroup Status . 
Report(U.S;;,~A, 1995b). or Drinking Water:1Regulations and Health Advisories (U.S. 
EPA, I 994a) .. Th~ ~4S1\(U.S. EPA, 19950) reported that data regarding iron were 
inadequate for quanti~tive' risk assessment. Iron was not listed on the NTP Chemical. 
Status Report (NTP, 1993a). An NT.P Results Report (Nl"P, 1993b) ~ndicates a gavage 
study has been completed on iron and compounds, but the study does 'not meet minimum 
standards (as per telep~one conversation with NTP, Apri~ 1993). 

, 

In humans and '.other animals, levels iiI the body are regulated primarily through 
changes in the amountof iron absorbed by the gastrointestinal mucosa. The absorption ·of· . 
dietary iron is influen~ by ·body stores, by the amount and chemical nature of irOn in 
ingested food, andby.~,variety of dietary factors that increase or decrease the.·availability 
of iron for absorption. :.However •. excessive accumulation of iron in the body resulting . 

. from chronic ingestion'ofhigh levels of iron Cannot be prevented by intestinal regulation 
of BbsoIption, nor do.hlmwis· have, a mechanism to increase excretion of absorbed iron in 
response to elevated body Jevels·(NAS. 1989). Below are summaries of selected 
epidemiological anp medical studies, and of available toxicity studies in anjmals exposed 
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to iron and in~rgaruc :cp.I1W~U"nds. 

RivlEW OF PERTINENT LITERATURE; ..... "'.. . . 

. . r· :",' 

! .. :~:', \ "' 

While chrbniC;irontoxicity occurs in people withgenetic,mf$.boli~,disorders 
" resulting in exces~ive. ~()Il ~b~Qrptio~\vith a.Bqotmal hemoglobin synthesis, or who 

receive :freqlJent blood.'transfuSionS (Jaoo.bs, Jj9~7;Bothw~ ,et aI .• 1979), there is a 
, long -standiiig :Controversy ~ to whether ~a' chfOnic ,overload clue to oral}ntake is ,possible 
inindivldi@S '~th'a ,~(mllaI~a~ility 10/ control iron absorption~lllIlaP:',an,4 F:inch, 1985);' . 
Nevertheless,' "the etifuulaiive"experience in human subJ~ts suffering'from iron overload _' 
ofvarioQs euoloSies strortglysuggests ·that-,iroIl,is npX!ousto-tissues [wl:l~ l~.:~p~ent in' , ", ' 
parenchyni~ cel1s: . .fo'i.~a 'SUffici~t1y lQIig period of time"',(Bothw~lLet~.,;J9-?9)'<,.; " : , , 

~ , 
~ • <" '.' 

,Look;e,r et aI. (l98$) made comparison§ of dietary iron intake and biochemic81 
indices ot'irori:'Status;b;~ed:Qtt vatu~stB.keIi':frOin the' secOnd Na~c:),na1 Health and Nlltri,tion 
Exa.mhta~~n"$.urVe}k~S'mde.tabase ... NfIANESU:waS'a',Pl"Obability' stUDple of -, ", ' 
the norlinStit\ition~ftfS. p6pUlation ag~6: mopthS tq,:7.4:j~ears. '~ond~.~~~""",,' 
1976 and' f98Q'by:the'Nano~iWCenter forHc;ilihStatistics~ Thes~:~ta ~ggest that, ,''', ' 

, ,nd~~take'btfron'hy.;~l'6-74:~years'oldeX~eds the.~~,an4:tbclt,4:onin~e,~':;"",',:': " 
Sl?IP.ei.V~fJ<?we~,;than,;thetIDATorwomenyoUnse(::tb~uJ:~~ty.~,,:':~PIl~~~ih, .. tji~,;;',", 
sfu~yof dietary i~~e.i(nte: ~S n-:rii~1;!l."edJh,t:irQn,,~sof th~e.'poJ'\ll~~ons., " ' , ' 
Th~':Ser1.lIh,(ernttn:-l~¢i~;~Jiicli,ihdex, tota1,b_Qdy:ttQ~:s,tpt.eS;r~g~4trpnl2.3 .8~gfL, for , ,', " , 
pre:IIiciJ¢Rati.s~l{WoIii~;no~~s~ng]ron:suppleinems~to ;lQ.5.6:"tJwtJC!r45-to '6+y~~~l~', !'" ," 

suppl~~;users~" :1jt¢.Se~v81ues~a:rewell:withirHh~:n,o.qhal. Taflge of 12~30Q,~giL ,(C,09~,: ":,',' 
1991 ).'" (From'T.hersMe.dioal:DiCtiom, ferritinJsJhe.fonn in;~1li,*, iip~"is st9Ted.irit~, ",' , 
tissues;~rin~ipiUIYanjll~ i~~~woendoth~lia1,cellslotlhe'liver~:spl~~4 bQ~~ow:, , 
[It is] an'itlt~~phosphoI!Us.,ptoteincomplex-coIltainingabout 23tVc,u:on.l: .rb~,percent.' ' ,: '" 
serumtririSt:~tijD~,~on; a,:riieasurepfthe residual capacity of;ih~irQ.~~spo~~ , '" 
systel,!l to piQfess 'pot¢~jar.vilHations:in :ir(),n fr.o~di~)intake:or·ca~o~"o.#r: ' ;', 
'storeS, 'ranged fto~,~3~%\s:aturati9ti'.fbr, ~'1Uld"p()st-m~opau_sal:wo~:nOi~!)jIig irQD 
suppleinefits;>to ,~&~9%1$~tioJi:(ormaiesup,plementpS~:in:~e ~::t.94+: ~,'6,S-tQ " " 
75-year-old groups, ;:llhese: ,valtiesate a1stiWithip,U,.1e nOI1;~~at r~E?~ .(f.0:49%)~ ~~!~b~g:", 

,that the intake leVels",pn;1.15:~O.27·mglkg-day cOnsumed by,these groups are both;, ' 
sufficient to pr6ted,:~Hron deficieIl9Y andj~lsufficient,.t~~ ~iw,se,th~, toxic effects of 
iron ovetldad' (Ellilder,:'1986;'Cook, .1991; l$llmanand,¥inch,,19~5).:, therefon;,,' 
O~ 15-0.27 mglkg-.daiIWr~sPQ~s 'a'NOEL fo~,hronic'di~ lfonjnt~.:. ,~ , ' 

. :.~. ··.·:.:·.~L~ ': -::~ .. <~ .. : .. 6· .. .I" .;; '''J " ~. 
. , ~. 

Hemosic;1erosi:s:(or, siderosis) and iron,(W'~19ad..are increases ,in tissu~ironor a 
gener81 inqr,ease,in iro~stores:without associat¢tissUe ~ge '{Bothwell, et al.~1979; 
J aeobs, 1977);<fleIllo@,romat(),sis, descri~es DUlSsive, u:pnoverlQad ,( 15, g ,()fbody iroii 

, stores orgreiitet}togethe~Wittl cirrhosis,and/or other tissu~' datl1Jlse atm~le to ioil:' ' ' 
A1though:rocaJ.~deP~~;·otmm'riiay,oCcur;in~~: piut'()f:th~,:~'o4fWh.FJe~:~a;e, ,. ' 
eKtravasa.tectithe: c.linic8l~dromeof,h~ochro~Wsis"typ~ctlllYJn:v()lvFS:,d~e to the ,'" 
hepatic par~hym~,(patticu1arly fibr:osis)~h~ (car~~~Wut.1ctiqn inCluding failure). and , 
endocrine glands (Part.i~~arly hypogonadism)~~ Pancreatic iron deposition is common. and ' 

", ~ .. . 

, ", " I', 

.: .. ··;for. ',i. ~._ .. 
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massive deposits may,he associated with fibrosis and diabetes. A number of studies 
involving chronic~?ral a~m!ni.ru.atioi:} of iron to:~~s havfehbeen dedi~S?ehad ~ an

h
, attempt A, . 

to identify an aninial mpdet,for hemochr~matp~s:;'Most 0 t ese stu es ve een , ~ 
negative (Bothwell et aI., 1979; NRC. -1979). :AnimaJstudies inv91ving parenteral, ' 
administration of ~oI1:havebeen generally, negative as well,. even though parenteral routes 
bypass the mec~sms:that regu1a~e absorptioriofironJrom the gastrointestinal ~ract . 

.. ~ .,,,,. l . 

Chronic iron toXiCity haS been observed in people with idiopathic " ',' 
hemocbromatpSis j( a' gerietic:.metabolicdisorderresultingin excessive iron all~qrpti9n). 
abnonnalities.~of heInogIobm ~esis( e.g., ~assemia}or vari.ous~enUc sta:~ (e~g., ,,' 
sideroblastie anernia)~ 'fr:~~~loodtTansfusions or a combinatio~, of~e$~·.~PJ1ditions .,' ", , 
(Jacobs, '1977;-Botbw~lfet;a1:~;1979r Chronic:hemocm.omato~$:has at&Q:o~ :~o~' 
the South AfiicanBairtu popuhltion trom an excessive intakeofab.s9!b~l,erirO~in ittJ.:" ' 
alcoholic beverage.. : , ' , "-, ,., ' . 

. ".: . . . : .::. . ... ". 
, , 

, "~bitual exCes~i~eintakeoffronby tlu~·:i3~ is, attributed tocoJ)S~pti~n,of , 
home~brewed 'Kaffit.bedr. which was contaminated by in:m 'veS,sels.>du6.ng .b~' , 
,(Bothwell and 'Brad1o\!tl~60; Bothwel1.et al~ ~~1964» ,The b~s ,high ac~4ity (PH ~~t5) "
enhanced"irordeaChing. ftom~~the 'ves~" The ifonm the beeds r~dijy .s~J~'(i.~,.; , ' , ' .. ,. . _. . ...... \ .. .,. 

jo~bleydue;to' ~~cidity:and'pres:ence of-.iron-compl~g 'ligan$$Qclt,a.s,~~o'~~,apd: :,:' , 
is absorbed' to apptoXimateIy~e 'saine degree: as ferric ,chlorid~; "T:h~J~J~1l9t~nte~ltQf'i:, ,', 
the beer is also be1ieve(ho'contributetothe'bioavailability6tthe:irot,1/{ii~cob~ t9.77;Ftii~h 
andMOJisen,':i972)~;';BaSed priplarily on"drinking :hilQits,an.d aruilries: of'>,=-, samPles.,~, ' 
estirtlatea'average·,di~~ iron~iritake o£iheBantumen 'rangedfipIll 50~lQ9 mgld4y frQ'ija . 
beer 'alo~,e ~Qthw,eU:r/al .• ,19(i4). U~·arefetence.1;)ody weighto(:70k8(t.J;S:',IWi\ ;' ' ' 
1987),- ihisrange co,ITcsponds.:t9' 0;7;;'] A: mglkg':'day: lfistolpgical ~natioll$>ofthe" ", 

'liver of 147'J;l'antus (:t29 'ltiaIe;'18' fetria1e);rariging itt age frOD,11F?()~s (tl)Qstwere 
between 20 and :50 y~ol~) ihat:~ diea from acute'.fraumatic, ~sestweie,peifonned, 
(Bothwell arid Bradlow,; -1960): V aiyiilg' degrees,of.hepati~sider(.?~is.were"oPSel:v~,-in ,,' 
890/0 of the cases;thc'degree tended:t<)"mcrease with a~ 4~50y~ or,Jess., The.,':: :';', 
siderosis w~fjmld.in.:S9%;~aiid,sevendn19%oftheCilses. respectively, ,Tbere~sa:- ' 
c1osecorreUltion betW~C?Ji bepanc.iroh' concentration and portaUibfQsi$ 8ndciri-hqs~._, 

, Although ihe'O,vetali;p~ence,wwrlow: (15.:6% 'fibrosis an~t: ~~40/0~rrbo,sis).a11,ll, " 
subjects Withthehigh~st'iron":cOriCehtfatioJis,(>2:0% chy weight 6fJiv~)siiowed either' 
fibrosis or fCirrhoSis:" :His.tologica1\exru:nir~atioii ~of th~ spJeeri t(50 subjects) .ctisosbowed, ' 
siderosis and unspecified ' histologiCal cluinges. ':Malnutrition and alcoholisDu~ould have" 
playeda role in the-etiology of the hepatic, and splenic siderosis in :the Bantus.,' . 

. ,t:. " .: .. ; ,.' .':.: . .. . 
, . HemqSiderosi~:.Qfth~:'sKin ,andlivei'iwith cirrhotic changes;accolnpanied by a " ' 
serum iron ley.~l of246~'f:lg(1 00 mL and 100% SaturatiOn oftiansferrin;: also deveJoped in 'a " 
60-year-old female patienhvh(ringested"approXimately l2,OOO,:gof elemental iron , (as 12 ;, 

. g ferrous catbonat#day:;or 2::g rerrous gJuconatelday}for 27 years (Turnbei& 1965).. ' 
Assumib!'f it \ mean D'ody:,wei~ of':61' kg for'i womal1"33~O yearSoldo 12: kg iron:36S , '_, ' 
dayslyear fo~ 27 years aVer3Ses toapproximateIy 19m9lkg-clay; Using,an'estimated 
jnt~eofO;'17D.lg,iTO~-da:y for dJetaIy iron,the,totafintake ofironwasappro~tely 

..: ... ~. 
~ ... , 
~;-:.~ . • 
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19.2 mglk~~day.: The\.~tithot noted that the patient was not anemic during the treatment 
period, wasRb~o~ing ifolfa~ a norinal rate, had no history of hepatitis (a potential 
complicatirii) inpeop1e-:\Vith 'ironoverload' folloWing repeated transfusion) and' did' not· . 
consume alC<jh,ol. It~a~~ c9P'duded that the 'prolonged high iron iptake was the sole origin: 
of the clinicai picture'ofheiriochromatosis.'· " ,.. . 

'. . .o-Ji.': :: .. \ .• ..,: '),'~' . . . ~:~r' .. .' 

Ethiopiatep6rt~d)y'has'lli¢bighestpercapiUiiron intake in the world, witban· . ,~: 
averaged8ilyintake9f171. ~giioDlday(range'98-1418' mglday; lA-~OJ mg ironlkg-day. 
assunUng'70 'kg' body\v~ght) . (Roe, 1966; HdiVander; '1968). Increased stored iron ititbc' .. 
liver 'and: a:dvE!tsehehltlfeffeciS have' not been obserVed due to. low bioavailabiJity of-the·,".'" . 

. iron inEt~ort~f~.o.f~';~:.-: ./'.;;'.'., ~.,~.. .. ....... :" "'.>:,". ." . . ..... . 
,:', .' :, .. ' ".:. -~:-=. ,"; :r~";' "'.1_ . .;':,:..::. "n. ' . • 

.' . A recent SfuaY:i~>East.emFUlnish'men suggeStSthat·higbseruinJeriitiri:' .' ... . 
. cOriCeiiti8tlbn aiid"hlgh::~4i~~i)/iTonintake ar~ fisk factors·.fcir myocar:dialinfarCtion ..... j, .... . 

(Sa,lonen citRI·;, '1992r:-~Olihe :l.9311-widoInIy,selected men'agoo'42-60 years wh6bad:no :;" 
bist6.ty'·)9fc()roJiB..ijlj~Rft·dis:~e uponehtiftlfthe stUdy, 51experienced::aria~:;' '" . 
myd~~~ij)n:.'d\llitig~the average 3 '"year folJow~up; After'·adjuSting ViaCO~· .... , 
propoffioiiliJ.'h8i.8rdS::hl4d~rfofage'and exaIriination'Year, cigarette~pack.years. ischennc, 
ECGiD eXef.#is~ test~· om:en iipthlce.'·svvtolicblood pressure, bldodgll.ic6se~.,serulD'::'·::·' .', . 

'"' 1 J... ~~. '-..: r· . . 
.copper;o·blhoq)euko,~~··co(jiit/hl1a Conceritfa~ons.'of.serUni :bighdensrty·lipoprotem:·. ','" :,,-,.:' , .: 
cholesterol. apolipoptoteii(B. ajtd triglyceride,' those haVing serum':·ferritiifttleveJs: ~2(;)0,:<· 
f!g/L (median vaJue for.:healPty adult men is 69-140 J.1g(L) showed increased risk (p<O.Ol) 
of myo8~iiir itif'arCtjoD;:eoD.tPafed to those With lower:se~cfd¥itm.. "'Use; of .. the: same . 
modeJ arid'':t:ovanatesmi!leatedidietaryiron irit3ke was alSri~ sigrifficaritly'(p<O;OS) . . . , 
asso~at~:'"1th :diseB.stfi~::CoDsuniption·of red ;meat',had' the,stroiJgeStcorreIatlori ·o£all,·. 
foods with 'serum ~er:U~oo.pceritrati6n (FO;059} High serumi:Jdwdensitylipoproteinf:·'~:. ., 
(LDL) bhole~erol con1;~iJtta~oris. ~5: ~f'fuinIIL) . associated withelevatoo ·seruinferntiil:.· • 

. " . . .". 1-\-t:! ..• ,.,..... ~ .... "a ~~...... • • 

was also a .stitji1g'riskf~~tdffOr acutemyocardiaFinfaretion; this'lendS 5upporUo the· ., 
theory tfuitii6'ii?ovei-Jefaa-:cltrYaies risk of8ctite~:hiy6cardia1iilfarction bypromotiillf';" ':. ' ... 
oxidati6nr~fLDL'~ffer 1991·.sUiliVan, .. 1992).· . ',~.' . ' . 

".' ,': :,;':, ·~'''J.~I> '>;.; . ' .. ' ~".' ..... '. '. . .,.' ',0.'" ..: ,', .•.. ! <'.; •. 

The ~s~of aCute 'oial exposUre to iron in humans are well Chai'aCtenzec['.· Acute,·.. .' 
iron toxicit»has most· Qfterlbeen observed in small children who accidentally ingested iron 
supplemeritS";~Stially;:in::th¢it:orinof ferrous,·sutfate, but alsoas'ferrous gluconate,' ferrous 
chloride. ferii~: chlorid~~t f~c a.riuil6riiUm· citrate (Bothwell °et aL~ 1979) •. Th~ : '.' .' " .' '. 
pathogene5iscof 8cute'etaHton toxicity consists . primarily of gastrointestinal, '.. :.' . 
cardiovasCularj. metabolic, neurblogic8Jand he-patic alterations' caused by direct' ColTosiVe··'· .~ , . 
action'orthepre~nce'o~fuIibound iron in the circulation (Bothwellet'at; 1979;:B'ahner .' 
and Tong, 1986;'Engie~efaL~ J987;Mann et at~·1989).Gastroirit~stinal toxicity is due to': . 
the direct causticeff~: ~f iron on the mucosa, particularly in .the stomach and Small· ; . 
intestiile~ and is·.chara:~ed' initially :by vomiting,: diatrheaand ·abdoIi1i.n~l-pain>Th.ese ..... 
syrIlptdms·carrprogre~~~togciStricaQd intestilia1 h~orrhage andlotnecroSisaD~:rareJY.'· : .. ~: 
4-6 weeks:aftei.:irisesi:iOli;~g thatinay~fiIi' st~osisjnthe stomaCh outltft·m:ut·· 
small~tine~;';Cardio~lar toxicity:~f u-c;n.>testilts from severehemodyruuruc' .... . 
aJterations~aract~. by loss of·vaScular integritY7' decreased circulating plasma'" " 

I.{ . 

. . 
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voltime, decr~ased cardiac .output and acido'sisf leading to shock and cardiac failure. 
Neurological effects rahgmg frOm lethargy and' mild obtundation to coma IllaY occur. 
Hepatic damage,.whic1.iGari·range from cloudy swelling ofhepato~ to necrosis, is a 
rare complication after'iligestion of l~ge quantities"of iron in, ac~~,e over~os~. . . 

. . .;>" \' . ,. '. " ".' .>~: '. . -

. . .,: -. i'; .. ';- :. -, ... 
Detenninations:'of serum iron concentration and total rron binding capacity (TlBC). 

in blood 2~ hours aftermgesti9.n may provide reliable laboratory in~ces.ofthe. . 
bioayailability ~firori~reSU1ting::Jrom··ap acute':lrigestion ·(M8.nn:ct at;· 1~8?),~ut are 
impractical fot; assessments of emiir~nm~niai~~illOsuresbecause.tb,ey ~y-b~ difficult to . 
obtainrap!41y .. Since, iron is rapidly cleared from the plasma cq\~. tJlkenuRby~ep~to~es~ . 
samples di~ 4-6 htiw.s at\er.exP0suremay be low and not mdicative ot~.~ q~.ant1tyof 
iron bioaccumulated folloWing ingestion. Clinically serious acute' iron toxicity gener8.UY . 
occurs whe~free uUbound if9n:circw.ate,s{i.~ .. ",b¢n,serum iro~~~~e~s·!he:TlB.C pi . 
transferrin ~4 th¢:SenlIn \fansferrin is 1 00% 8aturat~)~·. S~~ lexe1s of ir01l arc. nOIlIla11y .... 

. in the raI)ge()t6~:165~f1g1109mL;;~oncenu-ati()nsof.lSo..~S9 Jlgt-i.oODiI..:inayb~- .' .... '., 
aSB?~ated wiih·.~~·.~~~; and C()?C~tr#1o,~'>3S0~~~~ .. I1f~g~~:Cpn~defeti.: • 
toXIC if the TIBC 50r$e.;perc;entsaturatip.~ .. :()f~~J:;UDl tr~fernJ;l;~~.:~'?t f~YaJ~l~ :q;n&l~;;:~{ " 
al., 1~87; Maru:l et·st; ~1989)~-Jpc~pt:for. the cas,~ repo(t~~>r~I~efl~J1965),.ip ~sJ;1~ 
a chroiUcally:~ose4:piiti~($uff~·iro.~ o;v,eQQa4 had 24~·.~iV199:~jJ'(m~'~er .sertinl.· 
with 100% ~turClti()ri qfher.s.e,tuIn~sf~ . .data·2nSeI:UDlJ~elsCJf,ir,on follo~, ..... : .... ~,' 
Tepeated .. expc.')sure~?~~·not:l~alted..;:·;:·.,.~, ..' -. ..,.... .;, :.li;" ." ".~':'. '. '.' 

~ . .;. . 

. ... .~ .. :: ... ::~.~:r ~': .~.~~ ..... ; ....... ~t'.~.:..~ ..... ~· . "'~' '.~.~_:':~/: :' .. :': .,;":. _ __ ."' .. '? .... ' ..... : . . 

InfoQl)atiop.0ti-:aeut~:·0t~ht~?dc:40~·Qf..iron:i~ 'hllIl1;'Uis :is,.~y*~le, .ft'o~.Att~erotis . 
case r(fports:·ofingestions·~.cijldi:~ ~.va1u~ ~ ~ec~·it is .~~t to oJj~ " 
a~te estimaies_ofthe.,amount taken·in most.o'ierdos.~ situatio~. I~,may be .. uncl~,.. ,'" 
whet4~ ~Q~ts·D(~~e~t.aUI;on·.o~.iron compound are -r.~p'0Il?d, an~ ~ i!o~ l~els . 
may peak .at, different.:4nl~ .dependingupon,tbe.We gf.prod't1c.t~~·(Eng}e.e:ta1.;. : 
1987). Rev.i~sorthCse ~eieports.jI!gjCate~t closesin.the~g~of~OO~300 ipg,.':., 
ironllcg ~:8enera11Y;:cO~s~~~a 'le~bal{Mena.,l970; Krenzetpkiand Hoft· 197,9;NR,C,-: .;' " 
1979; Engle'~t aL,' 198~?;;Mmm efal.,. 1989;!<1~-:S~w~'ei·p)., ~9,9Q),altb~gh~r!oses.·, 
as low as ~O.IIig ir~il/Jcg'ha:ve been regaTdeti.ais potentially fatal (Nl(C, 1979; 
Kr~lok ~~oJI: (W~~)~)~:::~" ¥ ",: _:,'. • •. ,.' -. ~ .' ". " . .,. . .( •. 

. ·/~.t:J, .~ ): ....... ' . -. -.'"." ... , " . ,::' ' .. :.; ~":S 

Minim~ acut~o?d~doseso(iron in.~ah~.'~e .Pogdyd~ed,b~se m~~ ~f,.· 
the cases of p'oisomng·.were ov.etdose :~ations thatre1ic;p,(m cl~cal·hjsiories/. "." '. . . " 
(infonnation from·the;pati,ent or parent) for d~tion. pfdos~ .. 'Additionally, toXiClity . '. 
mitigationprocedures~maY:90fI1plicatedet~onining.actua1 sev~tyof ~.Man.q~eilt. , 
of acute iron poisOning4ypicanymc1ud~gaSil:QintestinaJ :decontamination'(e;g~, 'emesis"""" " .. :. 
with syruP. ofip~c,~gastric-Javage).andlorOliel8tion therapy with deferoxaniine. '., 

. perfonne4.at vatyipgtimes:after ingestion (Mann etal.,1989)..Based on'reviews of ease 
reports #.:consensus;.QpiJJjQllS, tieatmen~. protocols gen~rally consider :ingestions of<20 . 
mg ironlk$;~toXic.and inge~o~s.of>:40mg iro;Dlkg~pot~allyserious .. ~~~· .... ' . 

. al.~ 1987; M.;mn.:etBt;,::-l98?i:·Elin.der H)8.(i).Klein~ScbwarU·~talA1990) analyzecf339 - '" .' 
iron 'ingestidpcases:toyl;llidl1!e the, ,treatment .protocolof a regional poison cantro)eenter. . . 
According .to the j:m)tp~l'of this center: .. ingestions. of 40-40 'mg iron/kg required only 

. '~' . 
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home treatment- iftheri:were 00 symPt~ms other than pillagastrointestin~ symptoms, and 
ingestions 40 mg.iron/k.S or .hi.Eher;!.equ~ed hospital referral. The median age of the . 
subjects was 3 .yews (r~~e?,9:;!IlQ~tiis:.to '33-X~~}'· The an10unt of4-on ingestion was 
known in 199 ~~jects,: t~ging from 20-301 .. m.gIlcg(mean,.39.5 m.g!kg);.Of the:l99 . 
subjects, ,144 mgested2040mglkg, .~ lihgeste1i 40-60~.:and 24 inge~ed60 mg/kg . 
and higher::·There.~Jio iatistically significant difference.inthemean dose inge~edby· 
patients with symp~oIIif(abdominal pam: VQmiting'aJ)dI~rdi~hea).'COIllP.ared'witb.: ... 
asymptoll}a.~cpatiehts' [42:~.tWkg"versus. 38,.~,mg/kg (p=0.33)].: Tbe over~'pre:Val~ce 
of the gastrointestinal sYmptoms w~ hig~~r. ~.~~ 40,~60,mglkg and.60,mglkg or high~ .. 
~oups (41.9:.8E.d,33.3~~ reSp~vely).;tb~ in;~~~0-40~~g group(~2,~~); but~e .. 
differences among .. thcr::~~~·groupswere notsUlt1stl~lr.slgnificant(p=O.058) .. Also,:' .. '. 
there was no statisticaf('y' slgnrncant ditrerence(p>0.05) in the development of aI1Y.·oftb~; . 
specific symptoms in any of the groups. The prevalence of symptoms generally increased 
with increasing s~mjr~:m leve1s •. butonlY·20, pfthe;pa.tients ~d~serumjron levels higher 
than the concentration,,gf350·}lWc:lL. ge~eralIy consideredJ~xic. Symptoms more·serio~ , 
~.gastr9ip~estinalo.nes.cc;.~g .•. metab~~c".c~f(ljo:y~~lar, central nervous sys!em:or~<,. '. , 
hepatic :~~).did~?tde:v.~lqp In ~ o{ the.\pati~ts,. 'The T~~ults .Qf this:s~dy~gg~sf 
that acute 'Jton;mgestJo~~fh~;r.:of,20'1?o-.~~ are unlikely lo be ,SenOUS m," ., ... . 
children .. ,:Bas.;g,on tPi:$~~1\1~dy. !he' poiSOA~rjtri protocol.Wi!S.changed to,home:.. ' ..... , .. 
manageII1~ (Le., ip.ec~c'~p)~Jor p-~n:ing~si1onS ?r20~Qimglkgunles5,signifl~m;¢..·:, 
symptom$d¢:V~loped;>nd·h9spitaLreferrrI:foringe~ons 60 m~gorgreater~' .' : .. . :i' . 

Eff~~:o~:.ro.n ';'er~~i ~n the. upper gaitroint~sJ.n~~act were~uaiedm.i4~:·· ,.-. 
h~thyvoJUirt~~:T13 :w.Qmen, ·i,man; me,an .. age, 'J.9 ,YWs.:.(PiQge,. 24-48 ,years)] w.bo wea:e,. 
instruete,d.to ihgest J2.S;,IDg i~lt$ of feirous~s.uif~~e(6.5 mg ,iroIll3: timeslday(bt10rfih.. '.: 
mealslfOr;2;We.~~$::~~,~:.~., "i988);.This ~d.ywa.sp¢9~ed:~~nl8certain,w~.~· . :. 
there i~ a. b~s'for:Unp1ica~~ns·#t:atjf(~~ t.b~apy, glay.cause.~se-positive (ecalo~ .. '. ,' ..... 
blood testing. EValuati9:n.coDsi~dofgastroint~~ synlpt.~.sUryey~q~Jtative· . :':" 
(HemoccuJt)· and quanti~ative (HemoQuant; mg·. merCWY/g stool) testing for fecal blood' 
loss, ~closcoPY .of.1h~9PPe:r· gastroint~stiIlal :tr~ct. apd .. histological ~tion ,ofpi~ch 
biopsies 'of the·gilSWc,J,pdy~ ;a$Um and,duodeilWn;. I.n.~ s~arate. por,tion; ofthe::studYt .'. 
HemocC\iltteStin8,~:perfQ.~e't.p.n13. ot.ber·subj~~ [l~ . men, J woman; mean~:age~'3" . 
years (~e23~59 .Y~a.f~)l.w1i9·,w~e,sirriilM~~~.:withfell'o1).s m,Mate for: lweek. An . 

. subjects serVed as tb~k,qWit::cQntro18and~iJlg~d' DO.: ~ther sub~~ that could. '. 
potentiaUy dmhage the. upper gUtrolxtiestinaI tract dunng their participation m. the. study; . 
B~d on 'actual avet~ge ingestiolf. of2.5;tabletslday (2-week study) and' 2.6 tablets/day 
(I-week study)'and a reference human body weight of70 kg (U.S. EPA, 1987), the 

. estimated.doses cODsumecfbytbe subje~8wer~ 2,3 an~ 2,4 mg·ironlkg-,dayrreSpect1velY;'-····i:r 
in' addition tc dietary ,iron. All subjects ha{i"significantly increased (p<O.OS) dark 
brown-bla~k· ~ols an~.~syroptoms.o.f naUs~: 8Ild vomiting during the treatment period,. but 
not ab,4()z.DinBl:' l?~cpiDPar~d .to, ~. 2' VI~S pri9r tOP'eatJ:nent.~ :.'1)e stoo.Lsamples of all· . 
27 sUbjeCts wereH~~~!.~J:leg~v,e prioriO.ifq~,:qeatmC11~. , . .Ocly 1:· of27 stool sanw1es.· 
was ~uesti~nably ~t:ei:I?0~tjve afieitreatm~t.·Hqnpg~obm..)~v:elsinstQbldidDot change. 
significanU.Y :after irCmtj-~a~eJ;lt~~doscopi~ examitiation showeQa·si~cant(p=O.003) 
increaSCbUiabnonnalities;iii.the sto~~ but not 4uodenum, after therapy. These changes' 

~ .. "', ~~: 

-'-t . ":~ 
."". '~~" 



.. consistedQf e~em~' ;ma1i.areas ofsubepith~lial hemorrhage and solitary antral erosions 
in nine, soC-and two Su~je.cts:resp~ctiYelyj and were considered o~y minimally abnormal 
Linear regressipn ~ys,is ,showed that there was Ii significant correlation: between 
endoscopy,~~reS8nda.bdominalpain scores·(r-O.64, p=O.Ol). but not with vomiting 

/CS / 

(r=O.5, p':';O:.Q7)~ QJarrhea (r-O.46, p==O.U or nausea (r=OA, p=O.1~) .. No treatment-related .~. 
histological ~~anies \V,ere' observed arid:'fhere was np correl,ation between the endoscopic 
and histologic finding~;;,a1tJiough the investigaiors'noted tbat the:correlation·between:. 
endoscopicfindingS:ft.r.dhi~ologic changes in :$maI1 mucosal pinc.h biopsiesis '. . 

. "notonousJy" poor; Althougldt was specillatedthatthe'cbanges in thestomach,could , 
represeOt:amiJd fomi~~qfiro~ poisoning,' the iDv~st1gators concluded that the treatment ..... . 
caused 'miid~ endoscopip' abnormalities of uncertairicli~cal'significance in the stomach. 
Evidence roriron overlba'd(tissue ~iopsiesorheIi1:atologiciron $tus,indices) was not ... 
exammed. ,. ",,' . 

• • .' '::.,;: • __ •• £. -;:~· .. 7:; . 

. ~":' .. ': ... .'. ... : . .i.~ .. ~~: ':~. -. ," ,.c·· ..;:.';.{ ..... ! .' '.' ..;" ' • '" .. 

Ad~ei.deVelopm~iltaleffects mhu~s have'not been associated with the ." 
ingestionqfsuppleII!~ ircm.d~g pregnancy, As,indicated above~ NAS(1989)' .. 
recommend~ .tbat,pr.~8.Pant women supplemeirt their diets With 30: mg·ironlday,(OA3,.: ... : ... ,' . 

. mglkg~ay) .. McE!hatt_9.n~aL (1991) reponed ,on 49 women who took an overdose ofa ./ 
simple ir0r4'preparation,;(530/0) or: iron ·With folate' preparation (47% ):~ ForA8ofthe. . ',; . 
women, thc<~pufrt ofjionioBested W~.knowD; 28 took> L2.g'andtheretnaindertook<-
s 1.2 g. ·Tw.e,nty .. five Qfthe':women,Teceived chelation treatmentWithdesfen1ox8:riJirie·:>···· 
(DFO) and 12recei~d,)in.·etnetic. Maternal toxidty{consisting'ofnausea;voriiiting, .. ' . 
hematoemesis, abdomhiAI pain and diarrhea, was observed in 35 of the women. Two 
spontaneOusaboitions:'~Ccw:red andtherc'were3 premature deliveri.es.:.· oDe of·the . . 
spontaneous abdrtioils;~d:·the: premature /delivenes were not related to the,iran·overdose: 
It is not~owil jfth~ .i?,~er.spontaneousabortion occumilg' at22weekir(3i.lVeeks,afterthe 
overoose)'was causoo;by th~'iion oVerdose.' A WAHL for mateiDal toxicitydr NOAEL .... 
for development81 ib:ici~couldi1otb~ iden~ea due to inexact expoSUre· data, vanation' .,_ 
in type ofmitiganon uS~'aiidtiiiie elap~d prl9,ftO its adriiliUstraUoni· . . ' ,. ' .' ..... ' 

, :. ... ~ ,"-":.' .' • • • . ",", 'c 

, ~v ,: . .::.I-o-:-.~ •. :~'. _. . . ...~. J;' .. 

. . Anjnia),.;Studies -have .. shown that rats adiirlnistered 2.7 mg irOJilkg~day as ferric' 
chloride oii;geStation'~YS,6-15 (Nolen c;t BI., i97~) or rats and mice administeted '24-76,' 
mg iroillkg-day' as[errous.:Su:Jfate. fOr 6 daYs {gestation days urispecified)(Ta:dokotoefat~' . 
1979) had qo u:eatlne.nt,'!relatedteratogenic·or :einbryotoxic effeCts; Some (immbetsahd>·· 
species not ~ep.p'rted):·embiY~nic niortaliU' t)CCliiTediIi the latter sfudY at 240 mg . 
iron/kg-day. ~.' . ;Ji'" .:; ,', 

" '.. . . . 
. : '. : . .:.... ~.;.' 

~.~; ;~;~. , .. :. 
',' 
, ' 

DERIVATION OF THE PROVISIONAL CBRONICORA:t run .... 
. . . '. 

-'t" 
, 

"'''';;'>3 

. ' . .•... 

'.' 

Most oftheqWtntitative~chronic or8I toxicity data for iron have been obtained 
from studies of the Bantu po~ation of Sduth'A1iica; These data indicate that· inta,kCs iD 
the rangeiof O.7-1.4nigiron!kg-dayJn hQni~J>rewedbeerateassociated WitIl· ".: .' '. . .. 
hemosiderosis:and liver:Qrihosis.(Bothwel1 and.Bradlow, 1960: Bothw~ e.:'at 1964). ' ... 

. How~, conf~~·factQrs ~uCh as ~uiritiOi1' and unusUally high irtln bJoavallability, .. 
. 4· 

," 

••• 

• 



• 

• 

• 
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due.to th~ high,acidityand.ethanol in the beer, 'preclude use oft4ese data for risk 
assessment Much higher dietary int~es,(ayei,age.6.7 mg!kg-day) ofle.,&s soluble forms of 
iron are tolerated m. noriweft(!rp diets as indicated by studies of populations in Ethiopia. 
Therapeuti~ qr~ doses.:of2.·~~.iron!lCg-daya~ f~rr()us sl,Ufate .. for 2 :~~eks wen~ 

.. miniIiially toXiC ~o the gastromtestinaltJ;act, Causing nause~ vomitin~and'~J),doscopic 
abnormalities in the stomach (e.g., erytheina and small areas of hemorrhage), but no . 
gastric histological changes were found, and evidence for iron ovedoad. (tissue biopsies or 
hematologic iron statu~ 'jndices) was not examined (Laine et aI., 1988). One c~c!'!lL. 
hemochromatosis was repo~¢d in.:a.:woman w.ho ingest~ 19.2 mglkg-day of iron for 27.' 
years; treatment waS nofaccempanied by alc9h.P1~:ortransfusiQn:-iodpced hepatitis, 
anemia, lnaInutiition otRbnomlal ktestiiial absorption (Tumberg, 1965).: T~sJ ~tho~gh. 
'toxicity asS()ciated.wit~;:iron: overloao due to chronic oral intake can be demoilsn-ate'd" 
qualit8~yely or evenseIIliquaq*a~ively).assignn1(mt of.~ precise,LOAELfofIlonnal.!: .' 
incli~duals coIlSllIIili18 weSterri<(llets iSc6iDproIDIsed by studies cont.8iniiig confouiUiliig" . 
factors, inad~g)l~te .¢Jldpoint ass~$$IPent. tQO short a duration _oft:Xpo~ureor too (~ " 
subjects.. .~/.L,:' :)."':;.':: ~~;, ~;~>'" ,:" . .~;." . "". . ":': ., ":,. '. . '.' .:i·':·· 

. . : .' ~ ," ... ' . : '.' 
T' .. · . - . . .. {~:! .. , - .. :.:"'-: 

NRnet~e1~s., it.isP9s~i~le to; ~~abJi,sh (NOEL {or.~onic;.~~oy~rlQa4 u,sjpg,:th~,~. 
values foi~~i~.hitak~)~nd-~;iiOns.t~~,Jn~~~,;~~ frqm)p,e secanQ N~ti9.~ 1;I~.·aPa. 
Nutrition Examination~:$urveY,(NHANEs llYClatal)aSe. Lookerei'at (l988J~d.e:.:: ::'~"., . 
compansonsof dietaIy:iron intake and biochemical indices of iron status using' daiafrom '. 
~n~.,11te,ayeiage:~tak~.Qfp-On.fC1I~g~'tron;lO.1.sto.O~2?~gIkg-day.: 'l'h~, .. 
serum femtm teyelsand:p~~~t Serimitr~~~mn~,~tur8tiQriw,~e';Wl~~ th~~~9~ '.. . ... 

"", '.. ..\ ~'" ",' _ "., ~ ... _; ....... _ ............ ' ..... _ .. ':'" ··.~1p··.; .~":."",,·.r.f''''-.... ·: .. ' .. •. , . 

range. Thus, iritake.leveJs .. oflt 15~O:21.·inglkg~day consUmed are both sufficient to protect 
against iron d~ficiency::~d:~iJ.ffici~t tq cai1~e,.1h~to,pce[~,I;;~f.iI'Qn,oVer:loiuJ., : '.' '., .'. 

'Usjrig;~,Nq~:9fO:~t.(r~pr~s¢t;lW1g*e.·~p.p'~9R,~-V81u~ iniPl~,r89g~.~9f'·· 
mean dietfUi·ir.pn·irit3.lre(dieiaiy..pIUs:Supplementa( i8lCen from the ~-n,,4I!~a, .' " . 
base) and divi~:by.: ~:up~~ainty f~br of 1 tyi~Jds~ l'r()yisioIllJJ·C,wyruc.oO!i'~fifof \ .. 
0.3 mg!kg-day, .An ~~certiii.rity faCtor ofl 'is'supported 'by the fact that iron is an essential" 
element. IIl~addi~9n.;the infurmation used to ·derive the' oral RID foriron .was derived.. .. 

fro~i#~~.~¥~;~~.W§ye<?-q,~~99in~~#I~~·,~ep~irp~:1l~ t?74 y~~;~~thuDi~r •• :,;'··:: ..... 
exert an effiClent hQm.eostatiC control over trOD such that body burdens are kep~consta.q~ .. " 
with variations ,in. dic;rt~,~. ~. i.," .' .:. '.' .' .. ,. '. . '. . 

.. :: ... :~;'::;'\j;:).::"';:.~ ~~ .. ~. ~; .. : ~.- :.. . .•. : '.'. .' .: : .. ". . ." .; :: . ~ 
. CoIifiderice~:ul:th~ critical' Sfu'dy 'ishigh;Jhe l'ffiANESn .. dataare·d~ved·fr.om~· ... ,." 

very large sampling of~the U_S. population rangmg in age'fi·om 6 m011th~'tO' 74··yea;~.· " 
. Overall confidence inJh.~ data. base. is.medium;.tbere are.insufficient data.todetermine· .' 
what chronil~: d'dselev.clJs·.tiSsociated' With adver~ 'dfeets ~,·heaiihyj~di~duai~., .Whlt~a ' .... 
point estimate ha~b¢~Il·derived in this risk as~essmerit, indiVidual variationS in diet," , 
nutritional status, 'physi,ol~gy, .ei:C .... suggest. that 2l r~ge _of values may be· m,ore appropriate. 
Reflecting the bjg~ corifj,,~ce.iri ~e:ctjtic~ stu4f~d.med~ confiden~ in the. data, :.:' . <'. 

base,. confid¢ile~fin:the·:Rft)·~iS.m#uin:'·",:~ .' <,r.':;, ....... ':: "".,' ' ... ' .. .. , ;~:.~"'" ':.' 
' .. '. !;j., . .".. "' .. ,., .,.' 

NOTE: This.IUD$.,lJPJlU~~:~equate levels gf iron to Iileettbe. nutriti.onal requiremen~! of _ . 
adults aDd~poles~:~wei:a·lifCtime: It does notsupply'the'i~mmendeddietaiY" . 

"on 



allowance'(RDA) to those members of the population that have greater requirements for a 
short, less-tban-lifetimeduration such as wants, pre-adolescent children, and pregnant • 
women. For) shp0urthrtet ~ehnthi" • reRfDquirements fobr these SU?POPul

r 
ation

l
' S, r~fjther. tnha' ~eedRDd~ 'd' . , , 

(NAS, 1989 . et( s' . may note protective opeop e WI I ent tsar ers 
of ironmetabolisrn and could be conservative if applied to exposure sCenarios involving. 
forms'ofiran with'low·:bio3Vallability. . \ .;; .. "':' .,. ."." .'. ' 

......... ,". .... • '. "'t 
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National Oceanic Atmospheric 
Administration (NOAA), and US Fish & 
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5938, Ken Munney 603I225-141·1,and 
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The 'EPA' is in .. the process of 
finalizing" two: . i'n~joreroiOgical. 
guidance documents .. The first, 
Guidelines for Ecological Risk 
Assessment, is under 
development by the EPA Risk 
As~tForiJm (The'FQrurn): 
Th~Fdrfiffi' was 'fiSiabllshedto'" 
promote ~ns~nsmf'ori :~. risk 
assessment issues, as defined in 

1. 

... Novemb¢r{1996:' . 'd; I' 

the '1983 Reporto(the Natio(l~'i 
Research Council, . and. to:ensure 
that thiS cOnsenslJs'bejrl~rperat~ . 
into Agency risk assessment 
guidance .. 'The. Forum' (xmsistsof, 
risk.assessf!ient experts· from:, 
throughoutth~'A,genpY, including 
Region I; The· final verSion;otthis·, 
document wIlL • eXpahd;:upOrl,."the:". 
work presented'in 'the Framewofk' 
!or.EcoJogical.BiSk ·is'·~e..ssmelJt. 
The GUidelines WiIl.·pi:oYlde: more 
direction for the variou's prOgra'ms 
'in EP~~to JQU9w. wherr~%>f.lcll,lctiilg. 
ecol09i9aI:-iislra..ssess~~f ,and 
promi~.::t() .. ~: .. a .~r!iCuiartY 
valuabl~:t<>Ol'i~:\Jnge,f:s~ri.ci.I~g. the 
role of ecoiogiCa'I··,isk.·ci#.¢S§rilent 
in the Superfund . process. 'The 
Not(ceO.t. :tw.ailal)llif;y .... ; 8,(Ici. 

~:=J.':' .~~~~~~~~t:.:~~:: .. 
publisned: . in ·~e·.. . . M~n4ay; . 

~:~!:.ie~~OI.:'61, 1 .. ~~1~1~·~;~·· 
4755Z): A.:glpy,.can~ obta\n~ .. ' 
from the~,~onal .. ". Tech.~i~l· 
InforTl1CJtion ~f:I(iCe (7031487 -:49?Q). 
for $47, or 'from-Jhe EPA.hQ~ 
page: http://wWW.epa.govlord/J

• ..... 

· webpubsl fedr~_ '. ' .. ~:. 

The. s9C9nd.· d~menl wt,li~: i~" 
· being develop~ by:ttl,e .... EPA 

Environmental Responset~arn.is 
· entitled Ecological Risk 
Assessment . Guiq~nce for 
Superfund: Process for DeSigning 
and . Conducting . Ecological Risk 
Assessments_ This document 
provides a "hands-on" approach 

· for conducting an ecological risk 
assessment and gathering .the data 
'to support such' an assessment 
This guidance loosely followsfhe 
Risk Assessment Forum approach. 



Both of the documents described 
·above . are supplements to 

. existing ecQIqgitc:l"gdidance.and~·' .,' 
do not~~~xjst(n9;~Uiaa~:/: •.... 
EPA New'Engl~l'ha"WiIl'iissue" 

i~~J:~:~~C~~~· 
:~;Eihoul(f~be,used'ioJbeSupemmd; '.' '. . . 

program. This is tentativ~1y 
scheduled' "for .fall :of·: 1996 ..... . 

· depending. upon· the:,'progres~ 
. witbthe;natronatguidaflCe::.: 

.. :'~. . -.'.: ..... 

TYio':~ neW~·:.Eco;:UjkJates .were 
recenttY:·'released· by.the'.'EPA: .. 
Offlce-"':oL. :Emergency ·.and· . 
RemediaLResponSe andean·be. ; 

fOO~~:.ttle'~~~~~~~::~·.: )'< . 

·:."i;'EriAo}(;Thresboldsf(ERA,· 
"'''' .:·5401f:S~/038r'ii\:· 

.. ~ 'f::;"::~;: ~~~; >';~..! =::~ ..... ,.<:: -' . \ : 

~.;.';~;(:::=~;~?t; ... '; 
';1 ' . Ci!I~crKlate"·.·ASseSSment- . 

· (, .,' .l!iiiltpOiiits;., (EPA '5401( ... :, 
:"-:l:, .. '.):~'95I031){i: !,,:.' .c· '('-!c.' ",. ,'; 
""lrl! ::,.:.:;.: .. :: ...... ' ;:';~~.;-~- .. : ," 

~~E5':., 
be~rk .values· in . suPerfund<· ..... . 

·.r~~.: 
managerS .. in . the':~iecoon 'of 
app'topiia~e :.' ... Cj:a~rse·$!;mei1f 

· eftdpoiniS'tOr' ecofogiCal . st~dy. 
Currentf)ltJr'Ider deVel~nt:are:.·· 
Eco Update bu'letins'desci:ibing·· 
the ~ing process and how to 
use ~ic'~~fks.cotredtyr· 
and··.bioaccurriulation:: . 'of 
contaminantS: ), 

w~enbySusan Svirsky 

.~. :Sl!peif;tihft .'. ':;. 
.. Risk Assessment. . 

.' .i].¢;'r!!J:i~'i~~~;;~~···_ ', ••. 
,~ "?' 

The RA9st.B~;o~.~P~ Gtoup 
has 'cj~v~k?ped 'a ':'isLot'i(' . 

. techn.i~l· toCusa.r~~:whe;~i~.tH~· 
. S~perftlf:l(j ,Program: would 'most' .' '--e 
~enefit with ·respect.tolmproving . "" 

.. ns!(;.a~rnent;anditSapplicatiori; 
~ to .~uperfu~cJ, an~ also .re~poildStto' . 
:cntics·of the'progiari'!':' 'ThEr~f6cuJ 
areas .. are .' ~oxicity asse~m¢rt 
expos~f~: a~sesslllent;, and' ~k 
C?mmtJmc::atiof1:'Two'stakeh61d . : .. 

stakehokJer input. on.whiCh issues 
EP~ .s~~:tOO.is,'resotJ~:Wbeh'; : 
revlsinganCf updating;·RAGS:.~· :',' . 

'. In R~iOnj{ Ptelimina!i;:sta~~;: .'" 
," ; '.ro':establisff,:natiol'ial,'6nteri~h: '.' holder" adviSOry opinroffs':;·'·'c""". ·'to'.~plani 'report;·~an(frev/ew· ~~. . .0b~i~;~i1ier th~y~t;:~(~n~~;.·. ..' .... 1.. . ".... . . . F. ede.ra ... I.· .... ~ ..... ~ .. ,.·Iities· R" l·s·'·~,Ass~.· .', ess':' '.i.m'·":;e·""n' 't' .'. :~":"",,asses5men~:and"'.':"""'" r~ .<; .. ,.. .<: '~il'~C':'>:' meeting at which the .Air F~~ . ~ . !0.revise4Wsk/tSse$$l!ient . . . .Arrr,r(:.,.N~yY~; :;~&htfuffi6iS>:;~~J':' 

.Guidance . for ,-: SiijJerfrind '~.. 't~Jr./e,:s,psf1.uesesenlw-me·:eef6lraio.n~kJedhg ;",.' .•. . (RAGS).", .. ' •. 
,:., .. ..' .... ,.>. ' ". "': hlgh~~.ta_mong,;.::th¢·partid~q~f . In.·e,, fif$t'wot;k gro~p"';ia's'k~ ~Ck9,rf:)g!1~'determinatiori;',~use,~of with;e~~blishing.:naticma.lci:iteiia.the reasori~ble maximum'e~~re f()r.~e~.~,;revlew. approvaC'"-and:. . method .. In .. decision rilakj,i;tg;" . (eparting of Superfund" risk" uncertainty/probabilistic . analYsis; . 

assessmentS; . The~prodUct$<'()L and lan~ and-grol;tndWateru~)·· . 
this work group will also address The ~pcoming stakehqleje(iftilrogUe 
the four core' values of EPA ~eetings will provide fQrn:laOnPut. Administrator Carol Browner's Into the RAj3S Reform Initi~tive. .' 

. Ris~ C~f1racter{~~@I1,PpI«ty~nd:- .. 
Guidance MemorandiJin . of' 
transpatencf"<' '.' clarity· . 
consistency, and'~asonablene~ . 
(refer to RiskCliaiatterlzation 
Update on the next page)~ To 
date, the \V()rkgroup has drafted 
a standard statement-of work (of . .. 
risk assessments, standard risk 
assessment reporting tables, and 
a risk assessment data quality 
assurance checklist The EPA 

For :f'lOre infon;na~on·. 6ri( 'the': 
Superfund AdministrStive.'Refortns 
Initiatives;.: please contact'. Aim~ . 
Marie Burke or Jayne Michaud. '. . ':.~ 

written by Jayne M/cha~d 

... ·:1· ..... 
.' =rJ~~:~~:'i~~\~~"., .. these araft d''' .'.. . . . JtIl ..... :. . . . . OCUmE!nts.. . , 

:. ,'. : .;",.:. 
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• -"""-..,----:-....;..:...~-'--.--:.-~.:......;;--..:~.~. . '., .. 

'. ',1, 

..... 

.. 'CharactiriiatiiJif' 
·:dp4~.tb: '. .":; " 

. .~. ~'~ ... , ". 

In ~pq~:to,·,~~§'Ol~tIJ~rth~ 
EPA's:risk:asseSsmeOts,are.often.," , 
~~It' 'jQ,:.,; ~n~er$·nd,.:and~'" 
communICate •. EPA Administrator ' 

~~::~~~:E,,~ 
1995" This memorandum 

. ~~;~~'ai*-~",.~a~lW·· ' .. ' 
se'¥.~, ~;~":~~H~{"g,·:~r\!:tqr:,·' . 
deye~l?~O~~P.J 1!(Og@m.i~~,,'.·, 
·an~\~iQn .. s~~.JXllici~: ~q~.; .. 
Pf,~~J,E~~'i'!~fi?r )r!lprovil)g.c;·~1,< .':. '. 
ch~~~~~':;:J:hi~H~J~,Wi.ll:.,:. '. 
prpvtd~;~~~fo.r:{9~tef~)~;:irity i .. " 

· ·tranw.ar~,,· reaSonableness.. . 

. · •. :Zl~=:~~e~'~~~~~.:.,,:' 
PrQ9~ms-{~: To:acJ1ieve~l.aiity~·,: 

.risk asseSsments mu~t)~r1Y, 
identify the purpose and scope of 
the·:asses~flt;;,;,ag~;presentj~;.: 

· ,un~$inties, strerigth$'~n~ ,. . 
weaknesses;.:jand;·assllrrip~qns,:, 
To.achif~ve·. uansparency..the 

.. deci~ri'if113king 'p~~. JUI.Ist.·· 
cIea!1y! :se~rate",~~ntific,. :.or" ." 
techiiiailly~~.·G9nqu~ion~., 
from-th.~,ba.se~Lon. policy.: ;·To,· . 
achi~ve·, :reaso.nilb.l~n~sSi':· tile:: 

· components,; of· :cthe '. rim<· 
assessment ,must be based. on 
soulld sqen.tific inf9rrnatiorumd· 
reasona~le .. jl,ldgement and:. be . 
integrated. . into an overall 
conclusion. Theimplementation 
of this policy will improve overall 
consistency of risk 

_. assessments, 

Region I has deveJopeda plan for 
. ~plem~nting this .POlicy in the 
~iskCharacteriz ation 
, Implementation Plan for Region I. 

. . 

The .. pl~n~escrIt>es..·riSk kilns. and72:~g/dscr:nfor .. 
a~~me~tscO~duct~byor (qr h~ar~ous. w~~te:b.um'ng . J;ght . 
Regi9n,1 ancfOutlines the criteria welght~gg~egClte;kilr)s. Under;itlis', 
thatsh&;Id.:b.eu~ed to detei'rhine . . ." .'. ". '.','.. . 

whether:tRe:"four fli~d~~htal '~!'(c~~i~::~,~~~=:" . 
:~js.:~~~·a~::'~~t ~ for particulate matter and mercury.' 

Charactenzation Implementation The CM; 1.1?<?)(~)(~t c:equires;, 
Plan (QrRefJlon I was sign~by EPA Jo ,submit.a '.stu'dY-OQ:.:.the·. ': 
JOhn.'. '.~. ' .. 'D.e.':.Vi.llars.··.·R.~ ~i.oi1al . tmo ' .. , h' .. " . " .. ,' . '.' ., c' ; .. -i: .... , " .. : 

. ~::J a sp'ef1(:fmercu.fY, erniS$iQQsJo:,. 

~:~~;~;t~r~t.~;~t:~~~~·:·;, / ~~;gr~(~~e o~~;~~~:~~~ 
f.~~I:",I~~t~r.~, Marq1 21;~ 199~i.": Cong.r~~ has beeQ. d~I:~~~"I;aPA:
mE7~~IJ,~~!1). and ,.,f3~'9~. rS, . released. therepOri.to :theScien2e' 

~~fl~x.&~rr,aret.:M.~ti9n.~~~~: .. 
.,,'. ;.' ." ", '-.:.'~. :. 

.,; . . ".' .. ' '. ~~::', ' ... :,' 

·':Me.1i.'·~'u:·~ .. ;, ......:l~ •.• 
~J'" < •. ~.: ".~ :,.;.. 

.:Up4tl~~ ' .. ,,:.- .. 

Combustion facilities or 
incinerato~areppte!lti~IIy,~,Iar;ge _ 
sOurce of~ri"ifolimen~I ·metcu.=y 
contami~tioil .. To . redUCe ·.emiss
ions of' ffie'rcurY. and ' ~th~r 
hazardous . airpollutimts. the 
revised ~CT· . "standai:ds 
proposed for hCiZardous waste 
combustion facilities 'were signed 
by EPA Administrator Carol 

. Browner on March 20. 1996 
unde~'tne jOint' authoritY'ofthe . 
Clean' Air" Act· (CM) andlhe 
ResourCe . Conservation' and 

. RecOverY' Act (ReRA), The roles 
. were propbsedon April' 19. 1996 
(61 FR 17358) and are scheduled 
to be finalized by March. 1998~ 

The proposed MACT standards 
, for mercury are . 50 ug/dscm 
(micrograms per dry weight 
standard cubic meter). for 
hazardous waste incinerators and 
hazardoUS waste-buming cement 

3 

meaningfu.t . ,lJa.rititclHve; _ .: ~nsk:' 
. ...' .. -.. ~ .•... , ..... :,. ,-", ...... , " .,.:'. assessments. .... ... . 

~i~~l~lt~~~:'~ 
4521R-OO~0.1)' : av~ila,bl.e ,'th~~gH:" . 
the N~tionaiT echnical.lilforma6on· .. 
Servi~ (703/487-465'0.),. ":.' ';.... . 

written by J,iJi-Yu,Hs;eh;, 
• • ~~ .•• ' • .., .• , ,: • t ',' ';" • 

. \ .... -

EPA 
Finalizes Soil'" 

Screening 
Guidance 

. 't:'.~ .. 

:;. 

EPA finalized the. Soil.Screening· 
Guidan~ in. Apnl. H)96. This 
guidance provides methods for 
calCulating. site-specific soil 
'screening levels (SSls) which (;3n 



be used to iden~ify areas of a 
hazardo.us waste site which db 
not warrant further. ,federal 

. attention. The'SSlgu,danceis 
eXpected whelp $tldardiZe'and' 
acCelerate" the· :evalUatJon· ' .. and· '. 
cleanupofcontaminate<i'soiis'at 
sites With a futurEnesideritiafiatid· 

, . :', 

SSl~. are n6t-natiOnal'stan~rds' .. 
alJcfalOnedo nottn9gerthe"need . 
for respqilse'aCtion.s.nOtdcl'!fiey '. 
define' ·UnacCeptable!" ·Ievel$ . .of 
cOntaminanlS'in; SOilS .. The:SSl 
. Gtid~nCEf' ~t1ihs 'l1 0 gerteial. 
soi/:'iwlues' ,'as· 'Well'.as a···· 

. . Soil screening levels . are ·.Iimited 

';~~~~~~~~~1~I 
threa~ . -and .2); tfieY.'a~:.pn'Y.: 
de~elo~ . for .. ' a- '~~ideh~I' 
exposure' scenari().·. EI;> A . hcfls 
issued the guidance iilfwo parts': 

1. SoU"Screenln'gGuidarice: 
. User's ,Guide 
(OSWER Directive 9355.4-23, 
PB96-963505) .. " "Ole, User's 
Guide is designed rorthe·EPA 
site manager or Regional 
Manager '. seeking , . to 
understand the basic 
concepts, approaches, and 
assumptions in the soil 
screening 
framework. 

decision 

.... ;.'. 

2. Soil Screening Guidance: 
Technical Background 
Document (TBD) 
(OS\NER 'Dih~~e '9355.4-:-
17/...' PB96::963~0~): ":' ( The' 
J!/6~tffehF : p::~~((}~hZ' .. ' 

,. t'OmpreNensive' analysis Qf·' 
tbetechnlCciI . aM' . '11 ". 
:> ... " ...... ~.... . ....... po cy. 

recommendations from the 
NatiOnal Academy of Sciences 
1994 . report,' . Science and 
Judgement· in Risk ASsessment. 
The Proposed Guidelines are a 
revision of EPA's 1900:Guidelines 
. for Carcin99~ft R/$k.ASsessmimt 
(51FR 33992), and When fin~1 will 
repla~ the 1986guKfeIi00s. 

issues and ch~~.-. 
. ;".; The Proposed Guidelines will allow 

In .c:l<:kt,itidn;an 'Ov~rvleW "is scientists to provide more relevant 
piovidedirr'the' soirscre.~o:~ng~ .. ' and· upi-to4jate' :inforfu:atiOri·:in· 
Guidance: 'Fact Sheet (oS\NE'ff:' . cancer.·: 'evaluations:"'otr.~ 
bir~~ ·~5~3:1~;14FSA. pa96~. . ,response;' route'ofexpOsore, and>'" 
963501) jij( overvtew' ijf th~ ", . chemieal,.structUre<:of regulated",: 

~~3Si~1I1;r. ~::"?~:f~g:~:·~ 
in the Soil Screening' Guidance: ·,:"C',':; .. ".' . :,',,: . 

. . ~e;&reW~'6If~~~e.,~~)t~~"; ,," .'" · . M6dtf'0{';Actidn:':Pemap~:.'the~;·· 

:~:-~35tl6,J;mTh:: ~ . =!;~~£=,: .. 
. Technicallnfonnation . Service eonsiders";ihovi:' a::substai1Cei

\ 

(703/487-4650.» .. ',:: ' ci:IUSeS:~ncer:'MOre;emph~sis""" 
·.on· '·the::\rriode~ ·:o(aGtiOri··i As:;; . 

/"1a .. 

':"'.-

expeeted·to ·'reduce-:';·the __ 
unt::ertaintyin: J

: d'esciibing .•. ' . ;,-.• 

£J? A;~:,J:::fpJ1Pset1", 
Ca'HeeT'Guidance .:. 

... '"~,, 

an"' .j;.-, 

Implementation 
PIa"",,:: .. 

...... ~ " .. 

. " . 

EPA' released,.th~· PfO{XJSec!" 
Guidelin~s for Carcinogen. Risk 
AssesSment in April, 1996 for a 
120-daY .pubJicreview and. 
comm~nt period. The proposed 
revisions to the guidelines are a 
result of extensive .EPA and other 
federal and independent scientific 
reviews, as well as 

".:.' 

4 

( 

likelihOod" of:;haml' 'ant:t:~:'~iif::::.,·· . 
determining </;;dOSe4-esporise .,. '. 
approaChes:, 

. -:,:.'" 

• Three';desc'rijJtoFS"for 
c I as s ify,1 ngl :'. ,·flu nt~il . 
carcinogenic potential:." 
1)·knownllikeJr~2) cannofbe 
det~nnip.ed; ·and;3) .. not:-Jikely: 
replace the six ·.·alphan,:,meii<> . 
categories' (At 'B'1 ; ;62;· C,' OJ' E}' 
in the 1986g0idelines. "lrf ' 
addition, a<weight··ofrevidence 
narrative'; targeted.' at the: riSk. 
manager~ • is added. ThiS 
narrative: summarizes ·the key 
evidence for the classificatiOn: 
and ". presents significant 
strengths,. weaknesses and 
uncertainties of the contributing 
evidence. 

.".'-



•• 
! . 

.. B i 0 I og i c a II)' - bas e d' 
e~~I~~i9I1m~~el is.,<.lh.e 
preferred. . approach for 
qua_ntifyin~ risk. 

• Threed~fa.\'It;ap.l?!oaches -
linear;: Nohliilear;'orBoth 
arepn)Vi~~:.¢wYe:fittingiin 
the obseryect J:<;IQgewould be 
used:: -t6- ·"'d~termjfie' the 

. -effect;v.~,doserCortesponai~g 
to the .iower:95% 'limit on a 
dose ass&lated With a 10% 

· resp6n~ (lED1o). TheLED10 
would then be used as a poin~ 

tii1i15,· 
· --'::'~:~}i~~{~:t ~ll'~'~~:>".,:,,:,; .~~;;:: \i"'l:.:":: . i.:sj (~:" .~,,-, '~~':'., .... :. ,,: .. ," 

' .. ~ ............... ~'.. . •.. ····~~;{ ... e~·~~;~· .. ". 

·Ri~k;.}~"en~ractediati'6n';':ls' '.' 
more fullt~\~~~~iW~tby ,. 

· P~~f;I~,dl~119rthoo.v;tt'~. ' .' 
ogeralr'_-condusioh~' 'and 
C6nfltkri@;;;' ,:i6j:;«fi~R: 'i~r ' 

"~~':::'~~~~nsrit~: 
rmijpr~ .defciJilt ';'- ass~rhptions . 
ar1cfCrltena"fOr depaHirig,ffom 
th~m are descri~(j?'::"'::', :,,: 

. i ~;":'/'.:'. f :: ~~ .:~ '; .: ~y ~.} ;:.~; ',," :'.:.~.~: .' .,: ~ 

Untilthe:guid~llhes~'re finat; EPA' 
.will~nlirio~ to"rely {)nexisfing '. 
ass~srribhfs: . :'Oncethey ar~' 
final, EPA' willass-ess' eXisting', 
. cancer:~alues' 'Considering"'ne\,\; 
risk ,,,,, assessment .' . methOds. 

. principles and' data. 
Reevaluating all existing cancer 
values on EPA's Integrated Risk 
Information System (IRIS)' 
database' wolild-tk' ·time!!,s·n'(j 
resOuitE!':' prohi6itiVe;' ~ the~rore~' 

. , EPA 'has developed a 

'.. rioritization process to ensure 
, that a,gents whict' warrant 

'-.', .. 

reev<.Jluation.are:giventhe.·highes.t 
priOrity: '-

."q" . : ',,;:: 
. . . . '. 

A>fivE!:-5tep:process.\\'iIl'be,.tJ~,·. 
for;,qelermining whiGh:che~9B15' 
shouid:be,r~yaiuat~~;!1>E~A 
publishes,,-,c;Jn. ,anolJal: Fet1.~tal 
Regi$t~I'i' .;:'liotice:. .,reqlJesting 
~idat~i' f()r . [e¢yaluaHOn, :·2~. ' 
Can~,i~~s \;are ~:,subri1iti~ ... :,~ •. 
EPA reviews;'.:and . prioritizes. 
~n~9aJes~,_~··G~~~i~!e~;,~i '. 
EPA selects are putilishecJ:.,in'"B 
Federal Register notice. 5. 

. ·R~essrnenttak~p~~,in:.lhe, 
followihgfiScai year4uoOO)!~~, 
time chemicals are peer reviewed 
an(;tp~on '~RI~;';: ",:4:\.:.:."-,' 

:-" "! 

'It stlQYl~"be.· nQte~,t:tf)~~:peJldirl9' 
fina!~fiOn'9r,' ;th~':)?rqp'qs:~; 
Guid.eli~~,:,:,the' ::m:iri'qipf~§;faQ~ 

~ffiii· 
· ,foun~Hn~e:~~eral,~egi~t~r:':(~J, 

FR 32t~~r', ' . .i, -;:,:;.",:', 

The " Propos,~'~'Ui~e.li~~~;:.ar~ 
· available In the' Federal Register 

(61 . FH 1796P);" l\n electronic 
verSion is·.al~:C!vani:iI:~J~'Jhf9ugb; 
EP Ns Office, ()f:~es~CJlicl1,and' 
DevelQPrnefl~ hOme p~ge on the 
Intem~ta~ t:lttp:/~.e.p$tgOV:. 
IORO;TQ:o,btabJ .~. ~.5l~'i~d!~c .. il1' 
Wor<W~rteCt 5.1. format.'. Contact' 
ORO .. ' Pub!i~tioClS. Te.chn9!qgy, 
Transfer" CJ_~.~l!PPQrt, DiVisi()~; . 
National Risk Manag~me.nt 
laboratory, USEP~ 26 W~ Martin .. 
Luther King Drive, Cincinnati, OH 
43268 Telephone: . ~13/560-
7562; Fax: 513/569-7566. 

Please provide your. name, 
· mailing .Clddr~s~ d9cument title 
arjd::tb~.·: foll~ng •..• E.P.A ,n~rtlber_. 
(EPAi600/I?~9.2100~(;J)l., . ...... . 

.' . ',:, .. ' 

written by Ann-Marie Burke 
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'GrouJid,:Watef"'" 
.' ·,Use'~nd,"~V~ltie·;· 

t;uidaiict .. ', ' 
" '". ',! '~'." ..... ,:-. . ... : .-

.' : .. > ::;:.,' :"~" :: 

EPA~Regioni r~ntly,:finaliZed' a . 
. new· guidance '.' d()ClJmententitled . 
the . Grpuild Water: Use.: anciValue 
Determination·' ,Gijidilnce~':.: ;~This 
guld~COf:l1bin~~.'the~g~ls;:Of -
tWo"rnajor':regl~c;lI;·i~~ve$/!··the 
Superfund". ,Beiie~l~i';~' R~use 
Initiative. and . the.:iGQI:tlpr:ehehsiVe ' 
GroundcWaterPr9tectl9.!f~~.·· . 

. As part.()fthe}Supe'r:tUhd~iiei:i~fiqal 
- .... - ." ,", ..• f., .,','.: '":'.,' 

Reuse Initiative", this~·,:g~id.~n~·.is 
intended to result in more. infOrmed 
-and focused· deciskm~kililg!and 
more.··.· "l00@rBS~~;;·~i~'::;.~s~~ 
effediVe.:ground1.·:~~~[i,qi~Q~Ps 
which;,· wiD :facilitate.:~fue!,berieficjal· 
reuseof:cOriti:lr1jin~t~f.parAAis~: ·.T 0 

accornpiisrl·.·ltt~se,;ol:lj~es.:; :ittis 
guidanCe.' .' ·incorpc)f~tes,.· .:.::. the 
resou~ased :,:, ;~n~~~~ii9fls . 
used: in.'. EPNs .. GQfT)pt~"'~f:I~iv~ 
Ground WaterProtection~~,ti:ate9Y~ 

, Specifically, this. . ',guid,ance . 
docume'1t establishes an approaCh 
for deteimining: the. relatlv~:. ~'psen 
and "val~enof.site .. ·grG)",nci., wa~ef 
resources ;;trid:·,e)(plail1l$:~!hoW ~ttl!S 
determination' attects EPA~~egion 
I groundwater remedial cieaslon 
making' proGess;", ." 

The guidance. is a good eXample of 
- how EPA intends to provide. more 

flexibility to. the: states. The six New. 
England States' have . provided 
comments, on this guidance and 
support the process and concepts . 
itcont~ins. 

. . . ... ",,' 

The new Approach to Superfund 
ground water decision making will 
be as follows: 



• The . Approach will . be 
implemented in States with 
E p. A - end 0 r s e'd 
Comprehensive State Ground' 
Water Protection Programs or 
CSGWPP$, but onlywf.lere 
suchStafes Ha"e'entered'ihto '. 
a M~i1duOlo,fAgr~.rrient 
(MbA)" with EPA- Region I,. 
c () n c:e'r riin'g:~ ,~ ·t h e 
implementation of the 
App~; 

• "In'stales'that have entered .'. 
,into' an'"MOA,:fob . the''';'' 
·implementation:· . of;' >this . 

.guidance,:iEPA:":NewEngli:lr'ld . 

guidance is for use by EPA
Region I and State Remedial 
. Project· Managers in seoping 
Remedial Investigations; 
conducting Risk Assessments, 
developing.:' :.Remedial "Action 
:0bjectWes' ;., (anti" .·.·identifying .. ' 
Hetnedial·Alteml:itIVes;', . ':EPA=- i 

Region I 'ooes'llot· .intend ·rorft· 
~':~ selectiOn decisions 
basect'):orFthiS" guidance:' ,ThiS 
guidance'is'fOrintemat{~)\gency 

=:s~r:e'·=~:~~~~~~;·· 
Partyt ",:.;:'.':'" .,; .',:;y.:,." ..... 

'\ 

.. WiD:oolongef'·re!Y·orr·the:1986:', :,'.' 
··Diaft·",.,epAi'60idelineS ,: )ror!! " 

Re.ationstUp····'·TO> . 'RiSk·. 
A~eS$ment":· '. ..~: '4,;'.>:; 

• 

. '.Ground·"W8ter;€lBssification ~ 
.'. " :in '., settin'g! goals ::for ·grountr:, .. : 
.. ;.:~yjatet ;:; ieihediiitiOn.and ',iri-' . 

";J'·;:a!":~::~"!:~~·e~~ve;~ ... :. ',' 
..... . . : .,:,'" 

- . 
EPA-NeW' England'·· will . 
utilIZe the Use and Value 
Detertninatiorispertormed . 

·<by" the . states;' ·'in 
. establishing"" . reniedia.I .•. 
action objectives', and 
making ground water 
remedial action decisions ... 

Application of This Guidance . 

The Approach provided· in this 
guidance will be considered at· 
current and future' sites in the 

. pre-remedialor RIIFS stages, to. . 
the extent possible. This . : 

If you' have any questions on" 
how this guidance. should be . 
applied or would like to receive 
a copy' of the guidance. 
document, please contact any 
one . of tQefol/owiilg statt . .jf.. 

.. ' Lynne ·'Jennihgs/·;(6.Fr::;.5?~"~ 
. ' 9634; MargeiYAdams; '(617) .... '. 
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565-3746; Audrey Zucker, (617) 
565-3444_ 

written byLynhe Jenni~ffs . 

Lead·Rt$i{~t· . 
'. :CERCU,'sites:'i.' . 

d",d l!'9RA. ;.::. ~'; . ' 
Correction Acti(in .... . ' .. , .. ", 

filCi~~·tie(·· "",. 
. ", ','. .' " ,: .' '~''-' ,'- ....... : .. '-

EPA.<~k~.~:,:;~~~~ . 
appr,9tBch to.estifl¥ltirl9:th~;·lisk . 

·~ •• i. 
are estimated by predicting bJooq 

~~~~~~~,;J~:~~~~;',; ... 
adu~~r:eestirric:it~ thrq!:lg~.~~' . 
ofa::Alo~ffl~or;;app~~_ 
The~' 'metnoc:J~:;~.~r,· es~~«oo 
risks'an~ described bel6w~-""",;' 

... 

Lead, Risks.· for.Child[en In·a •. ~: ,:.:" :' . ,;.:.t.:.~. :~" ",~:.c-.::<.~ '. .:;l:.::: :.\' .- I :~~~i;'.:'; 

Resldenthi'.Setting ' .......• ", . 
. . ~ ", 

. ~t:m:~~~~~~·· 
sen~itive- ·r.~ptor sh()~ld,~~:~.~·. 
chik{ EPA'~ In~~rated ~i!~ 
Uptake' and)Jiokinetic, (IEl,IE3!9 
model e~ti~te~ ttur~~*., tg ... f1· 
child resident;., , ' ,: It.i~;;: J1Qt;. 
appropriate 'to use this· model fOr 
the adult resident, an older,child:.: 
(i.e., ~ages. 9~18)" Oftt.1e':a'd,u#Ii'" . 
worker~For future . resiq~ntial.: 
expo~ur~' sCen~rios,' onlY· a' 
child's exposure to lead need.~. 
evaluated since this is' the most 
sensitive receptor. 

The IEUBK is. a software 
package designed to combine 
exposures' from Iea~:i ·in·.~ir,.~:,.< 
water; soil, dus~ die~ paint, af!~.: . 

...... 
~':' . 

........ 
. . . 



• 
othersour~s · ... with. a .. 
pharmacakinetlc ri1Q(tei:";Th~i' 
output is a predicted 
distribution of bloocUead .levels 

: ~nhi~~~~;~a6:!;~::~~:ot··: . 

yeii'rs" of • ·age. From ·tftlis .. 
distribution, . the model' 
calqJl~!~ m~ prqba.ptli~ttl~t .. 
blood' lea<;i;'c()f1cei1tn:l~o~;.ofa . . 
child or population of children 
will ~xc~e~t a: ~1~e~levelof 
cOncern (thedefault.value,is;a ... 
blood lead"level of 1 0 
miCrograms lead pef(;I~liter. ": 
of blood). The user can then 
eXp'Jq~.~n ar:n:ty~·olpos,~il>'e.r,.> 
chapge5.: in:·;exposure.,~ia., 
that~;/.W9Q~ ·· •. :·;reduce.;:>the: i. 

. proba~lity)pt.{Jnaceeptableri5ki:; co. ... : 
to ~;'PPPUlat!o~Sf" ::;. > :.. •. ' 

The .m:XIel:ialloYis·. theuser~lci .. ".: ': .. ' 
input, ~it&-sMc.ffic:values; pthe£l' ;" .. ' . 
than' tbeeencentratiPnof: lead';,:). 
in~~1.:~~:,~~e:,Coi1Ce!lti:aoon·}~; :,' : .' 
of lecid;:In:;tI()L!~hoJd ,dust; air, . .:.' 

: :... . o~ .d~~!<ii;l~·:::w~t~r/,:·or the~,:·.··· 
bloaval~~rity: ot.,lead; {·The··.'·· •. 
model'.can ·:al5(): be. used:' to .'. 

"devetopcieantJp:goals for lead '.':' .. 
at a .. h~ardous waste site~.IIi':' .. '." 
caseswher,e site,..specificdata,· ,. :.:: 
are not available, the standard 
default expOsure assu'mptiOns 
built into the model should be 
used;' This will result in . a . 
cleanup goal of 400 mg/kg 
(ppm) for reSidentialS9ils .. The 
model's default values are. the 
basis for the :iisk"screenlri~' 
value of 400 · .. mQlkg 
recommended in the MRevised 
Interim Soil lead Guidance for 
CERCLA Sites and RCRA 
Corrective Action F adljtie~:;-

. (OSWER Diredive #9355.4-
12) and the EPA Soil 
Screening Guidance 
(PubricatiQn·:number;93~5.4-:~, ". 
23}.,:.· . .:, 

", -,,', 

•

When: presenting .the. IEUBK . 
model results to EPA. the user 

'. should include: 1) the age of 

the Cni.l<t·,<targeted; 2);:.site.. .. 
. specifiC' ·p~rameter:·values; .. 3f . 
s~n~~,~Ae~ult~;, ~rld, At~.e., 
~~n~g~.. of ,., Childien,.~ 
pr~#~~,t~h~y~bl~ )~~~i:,: .. 

. above . the.:,EPAcutoff.oL10, ' . 

. ~r~£~~~ 
tor the probability" densitY 
function and enter. . the. 

. appropriate parameters: ":. . 

~B~~!~~ii-
9285.7-15-1; PB9J:;963510(":; . 
are,: Ci'¥'CI.i~~, JQ ·,'.ttle ,p~b'ic., 

.1.~~1e· 
. Lead Risks ,for Com~~~i~i' 
or IndustJi~. ,,:V!9~~~~< ,~9:~ 
Youth Trespas~e,ts.- '.:" :. 

The EPA Technical Review.: 
Workgroup tor tea«(iRWfjs" .' 
conduCting,;~~9~,13tr~~~~ '.' 
on Cl biokiileticmOde tor a~utr: 
exposur:es .. The TRW consistS 
of risk: assessors" scientists; 
porrcy .. analysts,' s~ti~ti,Gians,., . . 
and· :' project '. '. Qlanagers :;'. 
including Region: .... ,:1 
representatives Margaret 
McDonoy'gtl.and:M.~ry·\J3allew::; .... 
As an intennl approach,"'the 
TRW . has recommended a' ' .. 
simplified" ~Io';- ':.~'" ::taCtoc' . 
appro<;lch, Thesi9pe.fa~or 
approach is.. conceptu.ally 
similar to that propo~ed by 
Bowers et aL (1994) which 
was adapted for use. at the 
California Gulch NPL site in 
Region 8 (Weston, 1995). 

,On October·261995<:the·TRW .. . . , . '".-. -".: .. ,- - .' 

". published a report. Review.of . 
. '. a Methodologyfor E$lablishing,: .. 

Risk-Based SO/7 Remediation 
Goals for CdmmetCial Areas' of 

T 

the' Calif9mia- GuIChSite: .. The;: . 
TRW has endorsed the:.slope' 
fador approach presented in this 
report,ps.an intenmmeth0d ,for: .. 
evalua~,n.9 ~e;,: risks Jo;adults . 

., exposed.to<.lecid,·Thj~;,fall;' .the·;, . 
TRWex~ to relea~e:a:fnorei 
generic::9uida~:dOC.~rnent that·:;'.· . 
will containa'c1ear methOd' for 
calCUlating a preii~inarY 
remediation goal tor an industrial' 
or commercial . exposure 
scenario and the rationale for 
each parameter.lJ~iri;~!~ new 
approach, . The TRW,. has 
emphasiz~<thli; 'j'ri)p<:;rtanc'e,.: of . 

co"eCtingdCl~ '~:.~lJppo.r.t,.~jt~ 
specific . parameter:' ~stlniat~:: .. ' 
however; default' parameter 
guidance will' also: be provided:"'~': 

§~1~":0;~ 
adjust~ .to:.~~qiWfOr ~~5(~9~··.': . 
related differehoos~' _. ." 'It" 'i'" is' : 

=:~l.,:~il:' 
or . grE;!Bt~t· ~~h' o!:,~:. AA( Week'" . 
over thEtcoufs't{ ot-' ~f~'rhiniHi(jrh: .' 
duration dfninetY d~ys .. ~ •... ' 

The 1995 California Gulch 
review report is avail~ble'fr:rim' 
the R~i0"r! Ii~~ry. The. TJ3V\1. 
report' MethOdology·:'·for.· 
AsseSSing Risks·ASsdClated.Wif!J '.' . . 
Adult Exposures' to' Lead Iii' $Oil' '." 
will be available '.by:·thEf~ntfbf' ". 

. 1996 .. A ~py Wi.lrbe'aV81Iable .. ,' 'at :Jt . 
the RegIon'! "brary617/565~· *-
3300 or Toll Free' at 800-EPA~ . . 
liBR 

written by Mary Ballew and 
Margaret McDonough· 
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:" ...... ' . 

. ", RWi$Cd" 

. ". !dilitgq.,fe$e: .: '. '. 
!!!ftCf!F~:po~e' ............. ' .. 

The . ,~.r!~~~~ ._~f~~~fl~;., 
dose'(ijtpn":'tfie'fR'~t;f~tI.· .. " .'. 

. As sta~(f.iri ttle.. ,I(U,S', file,;:.j{ I~ . ' .. 

~ecf16~a .~ifY.illg.·, 
factorei3::be appif~, .. torthe . 
RfD for norKf~ry'ext>Osures. 

. Backgro ... ncf, '. 
. .. . '. ;~.,. - . 

Priort,,) Noverriber •.. 199S: the" . 
IRIScfata.~~~: prqvided twp " 
~~~~~~~ .. ~n:W~Cl~J" . 
one for.\Yater. The.:toodJ~fD .. 

. was'based on dieta'iy'intclkeof, . 
mang~riese~ The: wat~ . RID 
was based on a study. of 
humans who had ingested 
drinking water containing 
elevated levels of manganese 
as well as on assumptions 
. regarding differences ~n:. 
absc)fption of manganese in 
foOd as opJ)9Sed t9:wster. 

The drinking water RID was 
withdrawn from IRIS' in 
Novemoor, 1995':beca·U5e.9f 
coneerns'ciboutthevaildHybf' . 

§~~+;Ii 
overestimated~'; ';.' 

'.,' ......... 

New ApPfQa~l1. '. 
. . ~ .. -: " '. 

Compute RID: . 

1.67 RlfI/day ::::,~()~4rrig/kg day 
. 70kg" ...• ~. . . 

The ·:Haza.fd,·":lndex . (Hir . for ... 
drinkin~iwater hi( cal6uii:ited as' 

)olJows :(uslng':" a . simplified: .' . 
equation): '. ." . ".": 

• ':.,:::":. ;,;. ". I' 

COnCentratioti(rrig!l) .. '2iit~day;' 
O.024~mgJkglday*70k!f .. ' . 

. <. 

.·A HI·:of·1i ·oorrespohds,to ·s,. 
concentration of'84O'ugJt.:.:·; •...... '. The revised ~ RID . for 

~'::'t~lfNJ:, .... , .... .. " 
valueiS·O~14:ingJkg/d~Y,aiKfiS~,'.: .' AmodifYin9:fat:tor.'ot'3:.'niay'be~'~ . 
deriv~~~.~~~:'··':;" .. ~..,,;; ." appropnate,for ·aSSessing.riskir,~·'" 

.' '. . .. :., '. '., ',. .... '. . via expOsur:e,tOisOi.lsirn¢onat~:· .. 

·f.;~i~ill!:-· ~;:S;j§": '. 
neonates <are; unnkelY/\t6·:~. .:' 

S~1";~::·,;,< " .. ',:,.. exposed;,.tQ·,.signmcahLarnooritS>:·· 

• avel'agihj(juIF~'y' .::. 
weight = 7.0 kg',··, ; :.; . 

TherefOre; th·~ .~trt>'~". . ~ .. : 

10 mg/day '=0; 14· mgJl(9Jday.~· .. 
70 kg" ;. <' ::. ;, .. ,.:,.,. 

A modifying' factor-' of 3, 'is 
recommended"in 'IRIS' 'When 
assessing" :., exposure . from . 
drinkingwatet.· .. 

." . ~: 

Drinking Water Exposures" 

The average dietary·· . 
manganeSe content of the' U,S" 
population; 5 :. in9lday; is 
subtracted froin the "critical 
dose" of 10 mg/day:" 

1 0 mg/day - 5mglday = 
5 mglday 

Apply modifying. factor of 3 per 
IRIS recommendation:: ' '.' 

5 mgIday= 1.67rilg1day· 
3 

8 

. o(soils,:lhereforeia,,~jrig) 
factor ,of' .)1: 'liS;·,:ai>proprf.:it~i:· 
'Assumingexposufe(jlo:a 'young;' . 
child::·.iundei \·,a . ~rE!~id~tiat'i. 
scenario~ a'hazard\ ind~x. of1 fot . 
manganese· . in' .' : soil , 'would'''· 
correspond, ... '., .-to·· a .. ', . soil 
concentratiOn ot§i·500;~g .. . . ," - . 

r· 
,"." 

.... ;.... . "., . .; . 

New· . 
C~n.c.er· Si{)pe': .' 

. Factors 
jorPCBs 

EPA recently reassessed the 
. scientific evidence for the 
. carcinogenicity Qfpolychlorinat~ 
biphenyls,; (PC'Bs).. ·A range 'of' 
new· cancer slope tactors .for 
PCB mixtures were posted on 
the IRIS' chemical ;:infprmatlon 

-•. ( 

. '. ~ ~" 

•••• 
'. 



J , ) 

• 
data base on October 1,1996. 
The new slope factors reflect 
the current knowledge of EPA 
scientists and nationalexperts 
concerning: 

• the influence on toxicitY of 
PCBs' by chemical 
transformation in' the 

.~nvironi11ent; 

• the tendency of PCBs to 
partition into various media; 
and 

• .the I potential for PCBs to 
biomagnify through the 
food chain. 

.. ·.To .. ~.'IY-... underStand the. 
scientifiC ba~is for the slope 
factors and to correctJyapply 
them in a risk assessment, 
·carefully.· read' . EPA's 
supporting technical document; 
PCBS: cancer Dose-:response 

.... Assessmenfand Application to 
.... Environmental Mixtures, .which 
. explains in greater. detail the . 

basiS for the PCB 
reassessment 

The.PCB reassessment .results 
·in different . cancer slope 

. tactors for PCB mixtures 
based on a consideration of 
several different factors, ' First, 
the reassessment recognizes 
that environmental proCeSses 
may significantly change the 
toxicity of. AtocIor mixtures 
released into the environment 
Thus, new slope factors are 
determined by the 
environmental pathway of, 
exposure rather than by 
reference to a toxicity study for 

: the particular ArocIor. Second, 
toxicity studies which formed 
the basis of the previous slope. 
factor for PCBs were 
reanalyzed using new criteria 

'"nd nomencJaturefor rat liver 

tumors, whiCh 'ies"ulted: "'in" ~ .. ' 
reduced : number. eof-, tumors .. " 
re 'rt~'fd(Arodor'mixfures>' 

i~'~~~~' 
· were '. considered in' the ,,' 

· . =~~~tb~~~\?~u:~~l 
reVised. cross~spebes::scaling 

factor . ;.~~,}~<?9m~.r:ld.~;=}n 
EPA's Pr6iJOsed Guidelines fot 
carcinogen Risk Assessment. 
~1FR 17960, was incorporated 
into the derivation of the neW 
slope factors. Lastly. a new 

· method for extrapolating risk to 
low doses from eXpE!rimental 
data as recommended, in 

. .. EPA's. ~ew Cancer.:Guidelines. .' 
was utilized in deriving the new 
slope factors: 

The reas'sessment 
recommends a tiered approach 
for . determining central 
tendencY and high end cancer 
slope factors for use in risk 
assessment When congener 
information is limited, tt'le 
exposure pathway is used to 
indicate whether environmental 
processes have increased .or 
decreased a PCB mixture's 
potency. When congener 
Inforrnationis available,further 
refinement of the potency 
estImate can occur. Three" 
categories of slope factors are 
developed based on the 
exposure pathway or, if more' 
information is' available, . the 
PCB congener makeup of the 

. miXture. A -high-risk" category 
is used for exposure pathways 
associated with environmental 
processes that tend to 
increase risk: a Mlow-risk" 
category for those that tend to 
decrease risk; and a -loweSt 
risk" category for cases where 
congener or isomer analyses . 
verifies the absence of 

9 

congeners 'with m6re :tH~'ri' 4. 
. chlorines (establishing sufficient 
. similaritY 'ofarf"envUbntnellfui' 
mixture .tottlE! ;Ieast' :jX)te~{PCEf. 
AroclOrtested): ." :': ..... . 

. : .. ~:~"-' .. ". ..~.~.~ ::~.' 

Additional:' tlighlights . of. :'U1e 
reassessmerif ::,"iriciutfe c., \'ffi~' 
following: " ..... 

• Changes' . in tti~~<types· of 
emilroriiDental;data'!ddi(ecioo·· 
forPC'B!:{i:i're recommended:' 

~~~~~!'~~~~~Wt.··· 
avaiJat>IE('mixfures'ot"PcBs . . 
(Aroclors). and ,·;thEt'··;tbtai· .' 
amoUnt of pcBs. . The 

·a~~~~~s~"·:· .. · 
congene~: {Whltm· 4reptes~f"" ". '.-

.~. ,Of ~ ~ .. , •• ,," ~-"'·'''''''''''i.,·. 
up . to .... , 209 "; > ,~!fWr~tJt 

anang~men.ts·ofth~~hl8rin~·: '. ; i. . 

ato~~'·~~;':~J.~:,~~~r',:'·;·· .. 
• Arla!V~~ofdI6xiffiiiJ(e;:p(e'EJ~(:':': '.' 

is recommencMd/if>~t~~r!· :.'. 
thought to . be. presEmt For . 

,::~~~~'~~f~~:,:~o.:~~::,::;: : , 
dioxin~ike~'pe-t3$::ts'iidde(fto·· . 

:~:~'::~~t:~:~g:~~t·:,:· 
nOffdioXin'~like:' :'PCBs'" 
prese'nted " in this . . 
reassessment·, "Only a:" 
congen~-specifi6';3nalysis:· . 
can· .. determine:' Whether'" '. 
dioxin~ikePCBsare present'· .j 
The riskS: Win 'dI6xin~iks~~i, 
PCBs are evaluated using a 
toxicity equivalenCe . factor . 
(TEF)' approach, ·.."(See the 
PCB reassessment and 
March 1989 . Interim 
Procedures For Estim~ting 
Risks Associated With 
Exposures to Mixtures' of 
Chlorinated Dibenzo-p
dioxins and -Dibenzofurans 
(COOs and CDFs) and 1989 



Update (EPAlo2513-
89/()J6). for mon;, deta#$~). . 

. : . ~: . '.' .' . . '. . . 

.• N~jiigh~·e~~~~~d:.;. 
hi9hly. sensitiVe OOpu!Cilions ". 
who ' merit' . ·sOOCffic·. 'j 

evaluation are identffied.· 
~ .J1ig 1),1 Y . '. ~'f J>0~e d .' 
~ta~s .incl~e"w.~. .,. 
nursing . infants ancJ .. 
consumers of game . fish 
and; .. yga.{11e an,~1§ . 

. :~~~!~;;~fo.~~~r~:·, 

. sensitiVe .. '. . populations, 

~~:'.~:~~(lJ~;~". 
ar:t~~il1fcJ~ts: f ,:;,"" . ",.,";\ ':" 

" 'q." ', .. >=. ':,', ".,:.{ .. :::>':-.• ~ 

VVhen ~ .the.risks from . 

·~~l:r. 
availa~~'Jo,I,.\:,~'r~ of, .::' . :;~~~;£:;r:=:~~:~:;"·· 
http~J.www,~pa;9ov/Q~. ·.A> ... ' 
copy .~,also· avaj~.~tJt~~ 
Region I EPA library; and .it.: 
may"be CQPied onto;:~,\(tis~· if.·:~· 
you ,.;~~g;;,your;~wrF'~JJ.le.:: ". 
library . has, a .~,: tqlrr:·free .. ' ... : 
number·'· fOr, calls. ,within .New·: -.: 
Engtand~'888,.EPA-liBR. '. 

~ ~ .. :.;~; ,~ ... ,. " 

wri~en,,,y Mary Balie'll,' 
& Ann-Mane·Burke· 
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EPkEro~Ogica.1 ~~itl~n~.;~,· '.'.:';: ". ~. 
Up,date.~~ •.••... :.; .... ;;·; •.•...... : . .:.Page 1, .. 

. ~ " . " , t. • ~\. . , ~. .., '. ',' ~'. 

Su~ifui1d Risk, Assessment· '. , '. 

BI~i;;;~··· .. · 
GuidanCe.~ ...... ~ ...... ~ ...•... ~ .. :.~:Page 3 

; ' . 

the 1983 Reportofth(jNati0n~/';. 
Research· C9~ncil, and' to~ensure ::. 
that this cOnsensusbe.in¢orporat~ 
into Agency risk' assessment 
guidan~ .. The.F,orum i:()nsists.of:. 
riskass~ssrrient experts from. 
throughoutth~ Ag~nc:Y, including . 
Region t The.finaJ:'ver:sion;·of,this··' 
document.:~i1L~ ~~hd·,uPriri .. th~;::· : 
work presented' in 'the Framework 
forEco/~/'RjSk . ASs~.ssment. . 
The Guidelines· .• .will .. provide. more 
direction for the v~:uiou·s:programs 
in EP 6~~o .fo!l~w. wherr',cpnducting 

EPA:~'eroPQs~,~an.~~·§~jp~flce;. ecol09i¢al.nskCl.s!)essm~nt. and 
. an(Umple~entci1iQnplan,;;.;p'age ~. prollJi~e.: .: to. be,a. :p~i1i~ujar/Y 
G.round Wat~r:;lJ.se;~nd.V~lue:· i ... ' valuable. t96I'il1·~n.cle.~~:n:dl.ng. the 

E~,~ica,'.ki£~:~sk~·;J~~ :'::~; '" ;.;." : Guidance .........•...........•...... Page 5 .' role of ecologiCaI·risk.ass¢~.sf11ent 

.' '~~:;;'." '~'.:;~;:.. L~=~~~~,.~n~ ..... ~o:. SU:rfu~~&~:'~' .• 
• R ... ~.RA~rv..' .'.·~.cao.II . .:..ITecti,· ..• ' .• ,', ...... ·.·:.v,.:.e ... ;.·Ac!iOil .. :.·:,·5·'.!~.·._.3-5·;',·· .•.. ·7 .... ;.· .. :.1·.,·8:.:,: .. ' ..... ·.·.'.·.:.: •... ' Facilities ....................... ; .•... ~Page,'6 OpportUQity· tet :C()mment· .. ' , on·. 

IVI 'I; ~ "'", ',_ . ' R~vised Manganese Reference . PropOS!?cJ., ..:duic!.eli~€!~;: 0,: .·v.@.s·· . 
. ~t~~~;~~:~tr :~',,:.,' .~3,;5~~3.'.':: [jos~iL~,~~L;:;;;.~~~ .. l .• ~:~L.~:;Lp.ti'gel' . published,:,";o. ,.:~e,. ,,:riIIQn~{;IY!~:' ..... i 

. Alr'MOdiIlng: ";!",, .. :., . :.... N~W'~~ce~ .. ~~,~~:~~~~~'fO~·:·'··" .·,Ci, September. 9, .. J9~E?",;f~d~raL:. 
Bri8n!~nnessey.. " ·.;;'~~572' PCB s;;~ ..•.•. ~~~.,.; .. ~ .. ~ .... ~ .. ; .. ,.,Page 8. .;;': Regis,ter .<Y01..61i·:~o:.11~h;pag.e: .. , 

Cornbilstlorl,RI!lklssu~ .. · ... ,.'; ... i ., \. ':." ,.,.;' :::.'. 4755~), A'.qopy;;can'~9b~lr1.ect:· .. · 
~~~~k:." ~,·· .. l ~~2~}'~: ". from t/:le.,~.~~<?nat .. ,Tec~~.i.~(.,.:~: 

KatnnaKipP . C, "',~~S::352Q:: .'. "'''' , " Informati9r:i~f\{i~(70~1487~Q)·:· . 
CostBene~t~·~lysls."· .', .. " . ,. for $47; or from, the EPA. home 

Ronnie Levin' . '~5ii5-9351 ' .. ' ·.·i': '.. page: ht4;:IIww:w.·epa,g,9v/~~dt :,. " '. 
D~~:~~:~~/I~rnf'· .56~3\. !3P )t"EfI!lpGJ¢#tR'ts1c.. . webput?s(f~dr~.· :;.: ;>.~ r5\~\ :'~;.' ' 

. AlrRlslf~ues';:;, >:,::;' ""'., .... , Assess~eniGultlanCe . The s~nd' di~~rri;~·~t:'W.hi~~(;:i.~? ,,,. 
O:'::"I.I:~ '~""'.:;'fJp.ifa.t;e.·· i .' ~~~~n::':~s~s~e~~~ ., 

Ruth Bley!er 573-5792,.. . " entitled Ecological" 'Rlsk' 
EPA Region i: N~ E~gl~iid: receives The EPkls" in 'the ·:.processof .' ... ' Assessment Guidance for 
additional 'eCOlogical teCtmical support finalizih!;VlYiO~; "'najor: 'ecolOgical" ... Supeffund: Process"'forDesigrling 
from Ken Finkelstein (223-5537) of.the . guidanCe.·· documents .. The': first" . and Conducting . Ecological Risk·.· 
National Oceanic Atmospheric . 
Administration (NOAA). and US Fish & Guidelines Jor'-ECOIOgical Risk .. Assessments. This doc!Jment 
Wildlife (Steve Mierzykowski 2071827- Assessment, is 'under· provides a ·hands~nn approach 
5938, Ken Munney6031225-1411,and development·:bv.. th~ EPA Ri~k for conducting an ecological risk 
Tun Prior 401/364-9124).' . ~snient Forum. (Th~fForuin).· assessment and gathering .the data 

~
;tolS 

ephanie Carr andJa~ Michaud 
yout Gloria Hume 

Ttu:~ . Fdr'tim was 'establishE!~ to'" ,to support such an assessment 
promote cohsensus'on:'risf(' ..•. 'iThis guidance loosely followsfhe' 
assessmerit issues, as defined in Risk Assessment Forum approach. 

1 



Both of the documents described 
above are supplements to 
existing ~Iogical guidan~.and; 
do not :repia~ ej(:isti:ng: guidance/. 
EPA New iEngiand"willi~sue: 

: . .[~iq9~.9':1id~rl~:E:p(p!,a.ining ,I!ow .. , 
, theset.wogu~Cin.~ .. ;Qp(;\jments 
\~houl(tbe:Used.:;n;ti:JE:i:Superfund· .. :· . 
program. This is tentatively 
schedu!ed··for ·'.fall .. of;'1996'; 
dependiog .. upOn' thEf,'progress 

. withthe.national·guidance:: ,:"; 

Two ·:new;· .. Eco'· -Updates .. .were . 
recently ··releasedby·. the'EPA.·· 
Office';, ;·of·· .. Em.ergenqand' 
Remedial. Response and 'Canbe 
foundonthe·EPA:home.page:;" ,: .' . 

. -: ~ ~.-.; .......... . 

'.' ·ii :Y;';ECotox:;Th~sbolds:(EFl.A' . 
. "':5401f.::.95/038,}t.i',: .C· ,.,'.'. 

~'-:;··':·:.':~~'~\~'i·'; .·:~~;··~7: ,x·:,~/··;~:.:,:::,· -":"':-- ' .--'-' .. ' 

~':' .;;.j'i~';:~~;;~::::c;J~~~·.: 
.,:;. . Caildidate';:~'Assessmeh(': . 

. ~r('-: ·· .. ·::=n~;;~iJ~p~~,~:~OIf~~.····'·' : 
,.;~.~! :;.,\,'.~' ,·i:~·~.:"'··· . '! • 

.. :, ....... . 

w,rttt.errbY$uSan Svirsky' 
)' .. .. . . '. 

'i,. -, 

... '-" '';,- :.'.: . 
. '. ,"; :,',' 

: " 

,.,-: 

'. SuperjUiid; .".: 

.Risk As.scssm.ent, .. , 
•.. !liil!.p'!"j~,;~q~~~i;:·· 

.", " 
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For. rnore info~ation; o~(·ffie' 
Superfund A~ministrative'RetOrins 
Initiatives; .... please contaCt. Ahn~ 
Marie Burke or Jayne Mich~l:Id . 

written by Jayne Micha~d' 
. ,.' '~ 
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'CharactmzatitJJf 
1 " .. : 

., 'J)pd4.te.:. "", 

. ,','. ~~'" "':. . :'."-:. ',' .",' " ' ... ' : . , ': 

. :.;:: ..•.. , '}';"I:":'(' '.,': '-;'~' ~ .. ' :. ". .~.-:. 

In ~spq!J.~"to/:cr:itici§!TIrthaJ the. . 
EPA'sriskassesSments,areoften" , . 
diffiCuit:~··".to.".' unde~ta~(t: and·:.'" 
cOmnilmiCat~i.EPAAdministraior:, ' .. 
~ml;.·:~;;.~:,~~n~r<;.:~'j~Ued,:,;~:a·,~.: . 
JTleI11:O@~~Vl'!'i;:> on: '.,<x:,Risk .•• '" 
Characterization .orh,Ma(qt:.,·2t;,;::,:·.·'; . 
1995.. This memorandum 
p~!l~P9,I.~;aJ!<f:~ui<fa~~)\9..· .. ~ .. 

~:~~:~~~~:dJ.~~~~=':: .. :.,' 
and'J~g~QI1 .s~fic., P()lici~' al1q: . 

~~~tt::'s.;;i~$~~~,~ft. "~ : 
. pro.vid~,~:~isfQr,g~~r\)parity;.·. ' 

. '., tn:i11~pare._n~(:: . rea,Son~~1~9~."': . 

. ·:.:~~;=:$~~~d~s.:!~~~~~,. :.' 
prQ9rams~'~·T()·: achiev~,:cIClrity~.",· 
risk assessments mu~t:,';cl~ar!Y':·'" 
identify the purpose and scope of 
the":asse5~~ot,,,aDq,presentJts'; . 

, un~~inties,strerigths~nd ':' :,,., .'. 
weaknesses;~~andi:;·a~llmp~ons, .. " 
To, achieve. ,tfanspar~mcy ... the 
decisipn+making':proce§s, ;must.:' ,. 
cleaf.ly,u:separate,:",SCieritific.:or:,·. <: 

technically,~~sed.: . ;cOllcfu,sions;" .: 
from th,ose~l>c;tseQ\on.poIiCY.';:' To.
achieve:.;,reasona'blenesS, the·, -. 

• • .'. +' ,. , ••••••• " ••••••• '. ,-

'componen~;/ "o(,';,'ithe ".ri~k' ""' 
assessment·must~ibe based ,on '. , . 
soulld ~~entific, i~f9@atioll; ,~n~:' . 
reas9n~~Je, ;j"'9g~ITIel1t and ,be':, 
integrat~,,: .. into an .'. ~, (>verall 
conclusion. Jl)ej!l1pJementation 
of this poliq,will improve overall " ~, 
consistency of risk 

.' assessments. 

Region I has deveJoped'a plan for 

, . "'.' implementing this policy in the 
, 'skCharacterization 

.' 'Plementation Plan for Region I. 

The .' plan desCrib~s,', ,'riSk 
aSS~sSmelltsConductect 'byor for 
Region I ana6utJines'the criteria 
that shoUld :beused tod~teitWine 
whether "the' ~'iourfund~n,~htal 

.. ~:~u:s: ~~~~~~~.',~a~h';.':%~t '* 
Charactenzation Implementation 
Plan (9r Region I was sign~. by 
John,::, ,D~Viltars, ',)~~ion;ai _,' 
Administiator;on ,'Octbber"!24, . 
19~('·."" :'cbpies, . pi··;:.ifi~'::', '. 
AdmJrllstratoi's' March' 21';"1'995"; / , 

~il:~iJ,~~i~-. 

kiln$, and 72 .,ug/dscl)1 for .. :', : 
ha:C1rdous ',~,: w~~t~bulTling . .light 
weIght agg.reg~tekiI9.s~l;Jnderthis . 
proposal. : .. cc?"-tinuoUs .. errtisSibn' ",' 
:monito~ (C~~~lW9uld"oo.,~!Ji~; , " 
for particulate matter ~nd mercury ... 

The C?AA'. 1J~(rl)(~)(I;i)'" r~uires.:': 
EP~ .J9,·su~~i(.a: .~tudy r\Q.n:; .. tl:I~;.· , 
atmosJ?h~riqm~rCIJrY; emj~s,i9d~,tc);;, 
Congre~s;:(tf!~: A1~iclJ.ry"B~P9it):: . 

b~~g'rZ~:~J:~ '6!e~~j~i~~#~,':," 

vJrlti~~~b~ ~~rgaieiivfc.D9~6ilg»,,: .~: . 

., Mercit'ry 
.J!p(.(a,(.(!., '-':' 

". ,'. 
"', :-'. 

Combustion facilities or 
incinerato~arepote.nti~I,ly a,large 
source of~rivjfonmentil"mercurY 
contamination .. To. reduce '.emiss
ions .of" mercurY. .a!,!~·' ~ther 
hazardous air pollutants, the 
revised, tMGT . :,stalic;jai;ds 
proposed for hazardous waste 
combustion facili~e-~W~resigned 
by EPA Administrator Carol 
Browner on March 20, 1996 
unde~'tfie jOint authority' of'the : 
Clean Air ACt'(CM) 'and:ttle .' 
ResourCe ". ConserVatiOn' and 
RecoverY'Act (ReRA), The rules 
were propbsed on April'19, 1996 . 
(61 FR 17358) and 'are scheduled 
to be finalized by Marcn:1998:' ':. 

The proposed MACT standards· 
for mercury are ,50 ug/dscm 
(micrograms per dry weight 
standard cubic meter) for 
hazardous waste incinerators and 
h~ardous waste-burning cement 

3 

repo.tt: w.iII:"als<L address :mercu"'::';:" " 

~~~.;~~l§'~,:, 
meamngfUl.q.l,!.arititative;". '.'nsk, . 
assessments::' " .. ",', . :,,:" ,",',.'. :'," ":'," . 

fii!~~t!.~:2: .. 
the NationaITeChnicallnformatioh'~' •. , 
Service (~03148,i 4.(50)," .',,': .,;-,'.~' '::, ':,1" . 

w.o/fenby~u!-'(L!N~t~h;:,. :: 

...' ... '" 

Fihillizes SiJili':' ,"'::':: . 
Screeni~g .; ',; '';i: ' 

Guidance' ,:: ,. 

EPA finalized the Soil Screening' 
Guidance in Apnl, 1~96., This 
guidance provides methods for 
calculating site-specific soil 
screening levels (SSLs) which can 



be used to. identify areas of a 
hazardOUs waste site which db 
not warrant further ,federal 

. attention. The'SSl·guldanee·is .. 
expected tdhelpSfandardiie'arid' 
acCelerate . the' 'evalUation '··ani:f· 
cleaniJp ofcontaininated'~iisat· . : 
sites with a future' 'residentlanarid ,';' . 
use. 

2. Soil Screening Guidance: 
Technical Background 
Document.{TBD) 
(OSWER Dir~ve '9355:4-:-
17A,' PB96~9635b2r: ThlJ' 
~~Z7h~~~ ..... : :Pt~:~~r-~iih~ .. " 

'-. dOmpretlelnsive 'ariaIYsis ·h.t" 
the: teChi:1.i~1 : j~ng· .. pOlity: 

recommendations from the 
National Academy of SCiences 
1994 report. SCieJlGe and 
Judgement in Risk Assessment: 
The Proposed Guide(ines are a 
revision of EPA's 1986 Guidelines 
for Carcin9fJ.~n. Risk ,ASseSSment 
(51FR 33992), and when final wiil 
'replace the 1986guideiines. Issues anc:fChoices'" '. . . . ,,. . 

SSLs aren6triatioh.al·s·t~ndards.· ':,Ci; ':..,.... The Proposed Guidelines will allow arldalOnedonot·tngger:thEfrieed ..... In addltion;'an' . overView is" scientists to provide more relevant tor resp(;>n"se"actions notdO"tlley" pro~ided 'iri)th.e SoifS:cre.~o~ng·,. : and .' upi-tcHiate:: ·information·.::Hn . 

'~. ... ;.... . 

define ·Uhaccept!ble'" leverS. of' . Gui~arice:FaCt$heet.(dSWE·~'··. cancer· 'evaluations'>" 00" :·dOs~· . contamlnaiits:'ini soiis·.:TIleFSSl " . bi~v~'9533: f':;14~$A, p'~9~;···. response; routei;,ofexpOsu're.arid;:' ... · GuKfancEf-cohtaihs' '110 gehetai .' . 963501} An ··.O"~~le~·.· 9.fili~·:::· . ch~rriiCaI: structure':.::ot'" . regulated:': '.' soi('vall:'es': j':a~'Yiejrc:~ as a·;······ . EPA's; re·~po.~~·'td·.qqfurnehJ('. chemicals~·.: lille major'cnangeSi:ih'; methOdolOgy 'fur :deriVation'of";'" receiveCf •. du!ing .thir.!~pub!ic:"· 'the Proposed:,GuideJines'" ;"are/;' site;.speCfflc'·:eoncenttaoonst:; ';1"":, cOmmerlt'J>e'riod~~·~I$p;~V~ii~~I~,~, . " , summarized:belo~·' .;,)-:. ' .• :,;:., '.::';' :: .. 

. g:Oe~Cen;.·.e· •• ~ra·. 0.-". saee,f.nwa';.L_~:.n. :~.n.:.·n!ted'~,·.n,'..~.·.,~.,IO.'a .• Th: .•. ::; .•. e.;ee:.'~.:.· .. gte·.u.mn .• ,p.·.e •. ~,e., .•. ~_.\ ...•.• ,' ...... ,.l:~.".' •••• ".~'" . p~B1.;i96,~3~·~5:06···~~)e.iT,lh:es, g~e~;ca";n;b··~e.~ ••• ·•·· • ·=:::~in:~a~;~~ •.... 
.. ,~ . fig . . •• "-'." "u- . propoSaI'·is"the:emphasi$'.'orr';·':' soil values' and 'rrietH~ol69yate':..: .". purchased' . from ··the···· National' . mOde":' .• of':: aCtlori{ .:. '·;which . '.;' .. . ;":'ed' """tect' "''''''''f j

, Tech' I I to ti S . ccinsidei"s"~howa )stibslance'; ;In:g~es.I',.9.'.;ti •.• ,·~.''0' •. resn.·,i,:·.:''':'~'''~'S., .. ··.IPnP.~!h;oa~,9.·a .. ~.:ti::.·:otro.~n: ... ::a ... ~.,.,~ .. ~.a., .. ,:~ ... rO,.~os .•.. ·J.fi.' ....• ·;',.~·.;. (703/~~-46~O~ on .. ,~rvlce c8uSeSc;ance;.::More:emph'8sis.:·····~ .' ,·on"the;:<·mooe .. ·o(aCtiori:<;is~~ " . artiCUiBtes 'ancf -in eS6oir'of .' Writte~byStiph~nie Carr expeeted·:to ~ ·redure,~ ',ithe';" , ~ntiimih'ated":: "9foiih~tet:' uncertainty'in .,; aescribing '.' .. ,". resulting ftom:sdi",ecl"ch~te ... '.~'~ " .. , likelihOod of iharm·"aOd·:':il'f";'·: ,;. '. ,_. detennining':<':dose-;response:"'\' Soil screening levels are limited '<' approaches:. '" ::.......;; ... : .. ' in thei;'app.rK;a~r.djy',~e !acp;:!,at .': . . ~PA~#.;.P.r.~pO,selt·,"":' .... ': ".' ,"""" ,:;:;. 

~Im~~i',::' ea~a:;'ida.na. ", '~S$~;~n~~::' ' ..•. 
issued the guidarice ,"tWo parts';' i"· Implementation" ... " determip.ed;and·:3)· riot:'likelyi'~';:.f'.":'_ 
1. SoIrScree'nlng"Guldance: 

User's. Guide 
(OSWER Directive 9355.4-23, 
PB96-96350~) .. ,Th~ User's 
Guide is desigried.fOrthe EPA 
site manager: or. Regi,onal 
Manager . seeking ". to 
understand ',·the· " . basic 
concepts, approaches, and 
assumptions in' the:" soil 
screening 
framework:. 

decision 

',.," .. :';' 

',1 

: 'pr" .... . . .. . replacec·the'six:alphariumeric,:,. :. '. a,!:" .. '. categories (A;'e1/B2~"C/D/E}. '.:"" . . ; . . ." ." in-the 1986 'guidelines .. "In'" ."., ,. 
. . ,'" ." " . addition, a·weighfofrevidence::."''. . EPA released. . •. the. pronrt<:f3d .... . . . ,.,., ... r':":"": . ." narrative', targeted' at.the:risk.· ...... ; Guidelines.. for .. ·Carcinpge[1"Ri~k .' 

ASSeSs/1lentinAPril, 19~6 fora.', manager;':isadded:' ' l1lis.:.'····~:; 
narrative.summarizes the key \ .. . 120-day ... publicreview'. and·.,· evidencefoi" the :classificatiOn': "."_ comment.period.""The .. p.ropo~ed . , and presents significant··,; revisions to;,~e guid~lin~sarea ' strengths;. weaknesses and 

result ofextensiv.ei".EP.A ~nd o~er uncertainties 'of the contributing ". federal and independent scientific 
.evidence. reviews, aswell C3S. .";.' "::'" . 

"::', , . 

. ' ";" 

.... : .. 
;"; . 
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'. 

:'. 

• B io I og i c a II y- bas e d 
e~P9I~tio~ mo~el. i.s~.th.e 
preferred' approach tor 
qua.ntifyin~ risk. 

• Three d~fa.lJltapproaches -
Line~i/ N6hlihea~;'or'Both 
arepJrivi(l~(t:.Cl!IYefittlhg :in 
the obser:Ved.ral'lge,w~uld be 
used':: 't&> '-d~terii1irle the 

··effediY.e,dose;~rrespond·irig 
to the iower ,'95% ,limit 00' a 
dose ass&i'i3Ie<i'With a 10% 
resp6nse (l:ED1o)·TheJ.:ED1O 
would theri be used as a point 

;·;()f;~fr";rtUre for eXtfapolati6n 

·Ji~~~;~~~~, 
· cl{~jit~i;~ 

reevc:lIuation.are'giv.en,thehighest 
priority. , . . ,. .. 

: ",:' 

kfiv~s.tep [process: will, be,used 
. for;,cletermining w'hich chemi~ls 
shOu'dbe:'f,e,e"aluated;Y1.:'.E~A . 
publishes'c~:m; ;ano.ual.: .F~defal 
Reg,ist~r.~ ,:;ri<,?~ce:, . reql,l~sting' 
candidat~, for reeyalua~.on, .•• ~ •. 
Candidates·,.:are >'submitted.3. ' 
EPA:" .r~vie~s:"l~nd,pri()ritize·s . 

. CC!n(:t,pqtes .. ,.~.: .. C9f;l~ld~t~SL;th~t,i. 
EPA selects are published,.in,a 
Federal' Register notice. " 5. 

. 'R~essmenttake~:pl~~'!n,,~~ 
follOWing fiscal year(,i".!fjng')w~l~h. 
time chemicals are peer reviewed 
anQPipcecr onlRIS; ',\ . :., . ',' 

•. ' ~~C,.'.,,,:, '~.'~.'''''' ". :"'~".'" 

It sh()Y!~J)~ oo.t~4n~~·pe:Qding 
finaliq3tiQn '. ·.pJ,thar' J~(o.P<ls.ed', ' . 
GuiQ.eliQe~,:"the :ppnqple$.,::.aocf. 
app~qJ1es: gf" the' 'RfopoS~di 
Guid.~!i~es maYJ)~?ppJi!3djn:~rt: .. 

.' or in: wt19l.e; '90:~:,CP:.~e:t~Y~~} '. 
ba~~ '. Th~ ·Pr.opo~ed:,proc¢.ss;f()r:. 
using !ttl~·,new~gu.ldeJjnes·~n}~:·.· 

. . foun<;l.ill·the, f~dera.l:, Register:·.(~t" · ':i!~~~i~~~~\1J!~~I;:::Jt ':' ". 'FR32i~~); . '.:::::~':>;'.;:, .-:', 
. prq~i':lg.c:tire.d,ioi1~n, .how;.ltI~, :. The piopO~~. Guide.lin~s;:are 

'~~~~~~¥-~~~f;~!~n~R' ~~~~: .. : " . ~;t'~~e;;:,~~~~~=~~~~ 

:i4~~ir;f ~~~~~Ei1~~ 
.. ;~:::""". 0, ,"'\ :·1;'.~, '.~::,,,"'" WordPerfect 5.1 format. cOntact: 

UntiltM.:gllid~lihes~fe fin~l, EPA" ~ ORO Publications ·Te.chrjPlqgy· 
wili :conti~ue to f ,:elyori;existing,:.. .' . Transfer, ,: C!.~~: ~uPP9Ft:,Oiv.i5!o.n, 
ass~~hts: '. Once 'they are' . National .' Risk . Manag¢.me.nt . 
final; EPA'·,witrassess·,;.exlsting·':· Laboratory, USEPA, 26 W: Martin 
. cancer;values:"ronsidering'new . Luther King DriY,e, Cincinnati, OH 
risk :·'assessment·· . methOds,'!', . 4326.8 Tel~phone: . 51;3/~60-. 
principles and····, data,'i~i~ 7562; Fa)(~,5}3/569-1566:" ' 
Reevaluating all existing cancer 
values on .EPA's Integrated Risk 
Information' , System (IRISY 
data6ase'· would . be' ·'time:"3·r1tf,: 
resOurce;: p'fClhi6ffiVe;' 'therefOre; .. ' 

. EPA has 'developed a 

Please provide your name," 
: . mailing ·.~ddre~~, ,dqcumenttitle .. 
ar1d:ttt~· f~il9.'-Vih~.~,P.A :n~mbe.r . 
(EPAl600/~~~21 OO~(a»~., . 

,', ':" .' 

,.Prioritization process to ensure 
. ~at agents which warrant 

written by Ann-Marie Burke 
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. Groluid,. Watef' . ,',. ,",' .~. 

USe ilnd"'Value . 
Guid4~~e·/'· .' 

~.. ":..' 
','.. '.~ 

E PA'-Reg ion I ,recently, finalit.ed . a 
. new· guidancedocumeotentitled 

· the GroundWatettlse.: and:,Value 
Determination' . Guidance;. ;;;;~This 
gUIdance conibin~s,,:ihe;g~ls ;.' of· 
two; major..:reg!9Qal, initiatiV.e~'i! :the 
Superfund ..... ,Berieficial;·;~. Reuse . . . . . .,' ~ - .... \'. 

Initiative, and the)CQmprehensiv:e' 
Ground-Water PrQtection;S~~egy.·· . 
As part ofthe.:$upertulld: i3en,Eificial 
Reuse Initiativ.e;".this'.1J~id:~n(;e,·js 
intended to result in more infOrmed 
'and focused. decision-m~!<i.ng:and 
more·' .,cOr;ntnorV:seos~;':.' :,+:.Cost
effectiv.eground·.:;~tef' .qleJ:in~ps . 
which; will :facilitate;~the·'beneficial· 
reuse:ofcontanjinatE~({.i>.gr~IS~ J 9 
acco[1Jplis.h . tI:lese ::o~jectives;,i :this' 
guidance· ,': .'. InCofwr:ates, ' .. ,:. the 
resource-b~sed: .:;" :c:on~i~~iati9rls . 
used' .... in- . EPA's ,. CQtT:1pte~e.p.s.ive 
Ground Water Protection:S,ti:ate9Y~ 
Specifically, . this . ::,guidafi¢e' 
dOCument establishes an approaCh 
for determining: the " relative;)'pse"· 
and "value"otsjte.ground",~a~er 
resources ;md,:cexplains':ihoVtt ":this 
determination;. affects 'EPA~Reg!on; 
I ground 'water remedial deaslon-
makingpr'oGess;, . ".' 

, . . 

· The guidanCe is a',goQd~xa,rhple~( 
· how EPA intends to prOVide more 
· flexibility to. the' ~tates. The si~ ,N,ew 

England States" have provided 
comments on this gU,idanee .. ;:Ind . 
support the process arid C<>.flcepts . 

'\' 

it contains. . '. , 

Overvie~' 
..:-",; ..... 

'.' 

The new Approach to Superfund 
ground water decision making will 
be as follows: . 



• The APproach will be 
impl~mented in States .with 
E p. A - end 0 r sed 

. Comprehensive State Ground 
Water Protection Programs or 
CSGWPPs, but only.where 
such' S~tes hav~'el1terea· into" 
a MemoFandum of·Agreement 
(MOAr with ,EPA- Region I 
con c'e ;-"Tng' ',:. 't h e 
implementation of the 
Appr~~; 

.' ·Instales'that 'have entered : 
into '. an,,·,MOA.>ror: th~"c, 

,·implementation: .. ' of '>,)',thiS ' 
, ,guidance,;)EPA':New.England·.· 

.Will'no ~ngerrelY,ei1·the1986:: ':. 
.Draft"~EPk~·GOidelines:< 'fOre.':'~ 
'Ground',.Waferi€lassmcatiGn : 

,.: in setting' goals<-for ground}" • 
:';water· r: remediation .'arid ·in:' 

'. ",,:maJdn'{i'deciSionSonthe .Iever'· '. 
" "ofeteanup-:neeeSSa.y;," .,:,'. ,'. 

.. , . ~,:: ":":' 

• . 'tnsteadi"'''a''-';,sife :speCific;;' 
deten1li~aticjh'wilJi. be':·rilade ," . 

. ,on,:,the': relatiVE{~use": aOd'" ' 
'~aluelO;ofthe"groutid wat~r.:< '. 
Stateswill"play·. 'a <piVotal ,-

• 

·'role:·:in\/ deterrrJinirig :·,the " .. 
relative lOuse";and "Value~·of 
sile:;'groui1d'water"and 'will" . 
seek'irit"jHrom IOcc:iH)fficials' .. 

'and':' the''',' public, . as;, 
. apprOPriate; .. ' 

..... ,. .. '." .. 

EPA~ew'; England'·· will' 
litlliiethe Usea';1(f Value' 
Determinations' performed' 

.iby> the , S'Wtesi'"" in' 
. establishing'" . : remedial·,' 
action objectives·· and , .... :. 
making ground water 
rerned;al action' decisions:'·' ,'"., , ,. . .. 

Application of This' Guidance' . 

The APproach provided in .' this 
guidance' will t>e considered ?,t . 

. current and future sites in the 
··pre-re.medial or RVFS stages, to , 

the extent possible. This ',. 

guidance is for use by EPA
Region I and State Remedial 
Project Managers in scoping 
Remedial Investigations, 
conducting Risk Assessments, 
developing< .' Remedial,'Action 
.Objectives· ";ang,.,'identifying-: 
Ren'ledial .. AlternatiVes. . EPA':, 
Region I does',not intend to re~ , 
open: remedy . selection decisions . 
based'.;"on~ this guidanGe,;This 
guidance·.ls·:fOi"intemaV-'AgEmey 
use 'and contains;'A<fright; 
slibStahtiVeor' prOcedural;cf0rany 
'party;:''' <' .' , , ', .... "...: ., 

.. ~:', 

Relationstlip' .' Tc:f" 'R.isk 
AsSeSsment:>· .'.'< .. " i:·:,:!;;.',:';· 

.... 

In performing <the i Humati' 
Health Risk· Assessment. for 
thesite;'~xposiJre>scenanos .. ' 
will"generally:-:rJe 'based iorfttiEf '" 
gerieraIIY:ialfbWe<:t:tises ~hder:" 
the",:o:Sti:lfe>ground·. : water :', 
dassificatiCin·~·'sYstem/'·; :Ri!3k" . " 
asse$ors"shOuld flot varyitheif : 
eXisting <,i;risk" ." 'assess!'Tletlt;.;' 
procedures',as.a,tesulfc:Wthisi ;·· 

'. PolicWoth·erft1an·t6:cohsi~r: ' .. 
exposures based on the' 'state':" 
classification rather than the 
1986'draft,federal guideiines.· .', 

" '."; .,.,,'~.,(;. :'" 

The: Use I.: and':Valti'e " 
oetermihalioli~prepared.bythe·, .: 
Statesmay"bedi5Cus5ed as .... 
part' of.'; 'the ~ eXp05,ure " 
assessmeiifseCtiOn of;theRisk"; 
Assessment In 'other' words,:'; 
the';":"'tJS9';' ':arid' "'V~ljje" 
Determin'atien may becuse<f'to 
place the'i~xposure' scenarios 
in perSpectiVe;:' . . -

• '. . ; ;:. ~. ; .... • . 't 

. Ifyouh~ve~.ny que$tion~ ori·. 
how this: guidance,' should, be: : 
applied or would like to receiVe' 
a copy of the gu,idance 
document, please cont~ptany , "'. 

. one of' thefollowing'''s'tatt . .Jj' . 
• Lynne'··'Jehnih~s,;::'-.:(~tlro:~,7~~:~· 
9634; Margery'Adams; .(617) .... . 

6" 

565-3746; Audrey Zucker, (617) 
565-3444_ 

written bi tynne Jennint!,s . 

; ..... 

··te;idRilk~t:·. " 
" .··CE1{Cu.;,Sites::··.·. 

aIJd 1J9RA. "':';, . 
Correction ACtion .•• 

EiliJiitieS 
~ ~: . . .: ... :' .:" '. t: -:. 

\- " ....... : : ...... r.:.: ;>< •••• ,. :',:' •• ,' 

, .. :' '. \ ", :: .. ~'-... " ; . 

EPA',) :!a,k~i ." ,CJ:.rl1~.I~~ia 
appf9pch to·estir:n~ting:the.nsk 
fr()n1 ;ex.POs,ure t9.in~fgai)j9'Ie.CJd 

. at .. a hazard()!Js;,.,~wa.$,t~L.sit~; 
. RISkS to"childr~n:~x~:tQJ~d 
are estimated by predicting blOOd 
lead ," .Ievel~.,: usi~g/,:;, :a .. 
pharmacokinetiC mOde" : RiSks to . : 
adu~~fe,esti~fed ih'B~g~;~~., 
of. a,.·slope-fa~or .apPrOaGh.-·· 
These "rneth~.~iPr· es~ina.ti.ng 
risks are described belOW.", " " 

,', ."" . 

Le~c,I ,R~,Ic,s:,f9r,.Ch.il<f~~n ;i~k~' 
Resideri·dal.S·effin~', ..... ,.;.--- ' .. 

.. ". .., ........ ' ..... :-:,,.. LI".-

Forsit~swith a cun-enter/'futuro '" 
potential reSidentialland.~sb:·~the. 
sen~itive'r:eceptor sho.uld,:.b.~s~~ . 
child: EfJA'~ In~~rated ~,ijr;e. ' . 
Uptake and. Biokinetic,,(IElJE3~! ' . 
model'estithatesttie'risk let.a; 
chiJdreSiderl~:;',.> ,.;It· ')~:::,,~.t;:. 
appropriate to use this model for . 
the .~dult resident.a~oldetc~'I~,:· ~ 
(i.e.;ages .. 9.-18);.o.r.tI:1e~:ad,u~i'< 

:' worker: . ,For- futUre resiqentia',·". 
expo~ure:' scen~rios,' ontYa' 
childis exposure: to lead needbe: . 
evaluated since this is' the most' 
sensitive receptor. . 

The IEUBK ·is. a softWare" 
package.'designed to combinEr:, 
exposures from. lea~·. in ·.~ir,>.:.> .' 
water; soil; ,dust, diet. paint, and. . ,,";,' .. ".,'. 

.. -c. 
0':':'. 



• 
. ~:' 

other .s()urces ... wi~~:. a . 
phannaookinetic mqqe[' The:' 
output is a predicted 
di~tributipn of bIO<l,9:1ea~,I~,,:~ls '.' ' .. 
in CI ~i!~:J".()r, C'!. popl:l'~~9.9 .of· .' 
chii9r~n~OrrI6mqptfi,~ ,to7., 
years' 6f 'age. FromtQ!s.~., .. 
distribution, . the model' 
calculates the probapilitythaL 
block( ;,~aci::C9ricen~~q~:,of:~:. ,. 
child or population of Children 
wi.ll.~x<t~;e~:ta s~lecteq level ,at. " 
conCern (the::de.fa~lt yalue·is:a .. ' 
blood JeadJevel of 10 
miCrograms lead per·d~liter· '. ,'
of blood). The user can then 
explqre an array' ot pos,sible~: :'" 
cha~gesi in.:exposure ·.medla,:" . I,: 
that,: .. wquld '.: ':re,duce;, ,~·:the; ,'. 
'proba!:>i1ity,¢!'unacceptable ris!?,:':<· . 
to th~;'poPulati.onSf' ",;;, , .... 

the child:,tcirgeted; 2)-site~ the Califomia Gulch . $ite:, The •. 
· speciij~pa.rarnet.er ~Yalues;.3).. TRW has endorsed the:slope 
stand~rcf··,defaults;·an'd,·.4).the<. factor approach presented in this 
percen~g~ .'01' :.. chiiciren",:: . report,f3S~C1n interim method ,for' . 
predici~,t()~~,ve,biopd j~ads:< evaluCl~,ng . the:" rjsks to;·:adults·. 

· aboVe ' the::':gpA'.<~~t9i( O(.,1,O~; . ~ exposeci,.tq·oIecid,; .1lJi~:'.fall; ·the·;.~ 
miqC>Qrams.Jcte¢iliter:lnJtte~,,? TRWexp~t~Jo releaseamore: 
IEU~kCompl.rte.rmQdel •. .;the,'· ., . generic;g4i~a:~Ge:doc.~meni,that:/: 
user.should d1ooseJta~,g,ic!pfu,·~.' " will con4lina~ clear. methOd for: .'" 
for the probability densitY· . calCulating " ~ . preliminarY 
function and . enter. . the. . remediation goal for an industrial" 
appropriate parameterS,"" . . or commercial exposure 

·g~u:odl:d3a~-n!:ce~}~m:;;Eal~n~u:.~a~~,:.":2 •. ,a.· .• (8.".:pI.··u·fb·~.··~ .. ·_;.~.N:fo.'.~.·.; .• ·.; .•.• ,.:.,'_·... ' S::~!S; 
. collecting .~C1~ ,~o:.,~\;Jpp~rt~,_~!te-, 

9285.7-15-1; P893:-963510)"": . specific . p~uamete",:-eStl~tes;·. 
are .. available. to . .the ,public. however, default parameter 
· thrQ~~tiJtl~:~~~#~~(I~K~i~l, guidance will' also be provided:: .. ··, 
Infon:nati.on. SerVice·.(703/4J~7:-: .. . ~ ", ... ; ... ,... . ....... ~ ! .. ' ... . r·~,· . ,'. , .. ; .... ,,(' .. ,'.·.M .. . 

4650) ,()f. th~~.E;eA,;Region""I, 
Ubrary(~,1ti~~r~~Q:q~~' .::. ;';::.' The"~'I,}allq~';e..~ser~'t~:'·.··· 

input site-s~fip;v,alues. pthep'·. 
than'the concentr:;atio~:()f .leacf;.:,;". ,. 
in ~I;i i~e'i:vthe.:cOncentration·,:;,: ..... 

Lead Risks for Comm~ifi~I' ,- ' 

or IndusbiaL"""9..rn~J~,. ~,n.~ 
Youth Tresp'as~~~' " 

• 

of lead;,in't"!oUSehold dust; air, 
or dril1king .;w~~e~;~" 'or the· , 
bioavailahility. of lead. <The , <. The EPA Teq~I)~' Revi7.~ ; .. 
mOdel' can 'also,: be,' use.d:,to· .'. Workgroup for lead (TRW) is 
develop' ~hup'99alsfcir.iead· ., .. ,', conductingia.q9i!i~natTese.?I~" ,.' 
at a.· hazardous waste site'., In;:' .> on abiokinetic fnbde toraduiL 
casesWhere,s·ite::specificdata··,,:,; exposures. The TRW consists 
are not avail~ble:the standard .. of risk ~sSessors;.: scientists;. 
default eXpbsuildissu'mpfions policy,.~naJy.sts,. stati~tiQans,., ... · .... 
built into the model should be and·. :,project, .. managers,.>. 
used: .. This will result . in .8 . inciuding' . Regidri: •.. ,.,c.:·,· •. · . 
cleanup goal of· 400 rng/kg repreSentatives Margaret·· 
(ppm) for residential~ils .. The McDonougtaar)<;IM~ry~ijallew~; ..•. 
model's default values are the As an inteiihl'approach:' the 
basis tor thi:{ 'risk . screenin~" TRW has .. ~ecomm~.n<;l_~ . a:','. 
value of40~..· i mQlkg simpl!fied·... '. s!qp~:;.,;;>ta~<?f ',' 
recommended in' the ··Revised appro~ch, The. slppe ,factor, 
Interim Soil lead GlJ,dailce for approach . is ~ .ton~P'\uaIlY.; . , 
CERCLA Sites and RCRA similar to ·lhat·prQpO,sed,·.bY .;: 
Corrective' Action FaCilities· Bowers et aJ. (1994)' which 
(OSWER Directive. ,f.I9355.4- '.' '. : was adapted for use .. at the 
12) and the' EPA. Soil' ,'. California Gulch NPl'site in 
Screening., .. Guidance ... ", Region 8 (Weston, 1995). 

. .,.'\.: 

The 1995 California Gulch 
review report is avail~bleC;tror'n'i';"'''' 
the Rf}gion,..IIi~r.arY. The. T~~' ." 
report . M~thOdo,ogy.···: ".: ~··.fo( .. · . . . 
AsseSSing Risks 'AssCiCliitfkl:Wit[I';,·: ' 
Adult Exposures' to· Cead ihSoit.: .",' ". ' 
wiJIbe avaih3ble 'tiy,;:the":eil"cj":'"b«'" :;; 
1996 .. A cop'y will: be ~vailabl~':at;\ .-.,~: '.', 

the Regio~:\J" .lib!"8r.Y··?F/~5~'~; : 
3300 or Toll: Free at aOO-EPA,;, 
lIBR. 

• ,·,1 .• '·; , 

written by'Mary Bailew arid' . . ' ' .. 
'Margaref."McDonoiigh t." .• ,.;. ,~. 

, .- . '.:. • .~~ ".!: "'" .' . (Publication.number ,9355.4-.,. . ..i'C. 

23). :. "..:" . On Octo~r26,1995~;:theTRW·. .'.: ,References <,.,' . 
. ;; published a report," Review'of . .:.... .'. ~V,' .:: 

C:=,!n~~~e~!~:~:~=:::::.< :=:~;;~~t.:~rS. TS;~. ; 
should include: 1) the age of Goals for COmmercial Areas of Assessing the relationship-

T 



between environmental lead 
concentrations and adult blood . 
lead. levels. Risk Analysis . . 

14:183~9..' .. 
. . .... 7: ''':' .. ' ; .. ~ 

Weston.1995~ RoyE Weston; ~ 
Inc. . :1995. Baselinehunlari .' 

.. healthriSk'assessme~rfck;the' 
Califomla' Gulch: SUperfuild' 
site. ',February; -Pr:epared-for 
USEPA Region 8; DE!nver'C<?. 

. .:::.~ 

..... ,' 

Repised'· 
", ' . 

. Manganese: . .... ' ... '. 
~f.[erenc~ lJo~e":' .' 

The .. ~.~9.~I'l~~.:,r.efer~r~;,. ' 
dose (RfDJ iri'theIRI~ (jata, . -. 

'c .•.. ,> '" .:. '. revised': in base '. was,... . _,. _, . 
Novt;;mb'er;1995, 111iSrev~!on .. 

§i~~.~~: 
1.4·Eif·irlgikg/d~Y,j~,fo(th~ . 
tot.ciJ'Ot.ilintakeof ~rigane;;e. 

~~t!ifJ~lk!~~1H~.-' 
factor·o('3'··t;>e .applfed.:to "the, 
RID for no/Hf;etaryexposures. 

Backg.r9u'~~, ..•. 
", :',' . 

~ '-' , -";", 

Prior .t()· Novernber •. 1995' the . 
IRIS 'data base,; prO,Vided two .... 

~~~~t:~:::in:~~ri~.:~~~.': . 
one for;, water, . The;'tood, .~ID 
wa~tba5ed on dietary'int:lke .Qf: 
mang~~~se:.The: ~at~t. ~fO 
was based' on a study of· 
humans who' had ingested. 
drinking water ,.~ntaini'1g: 
elevated levels pf manganese 
as well as on assumptions 
. regarding differences in· . 
abso.rption of manganese in 
foochls opwsed,t9:wat~r. ., 

The drinking water RID was 
withdraWn from IRIS in 
November, 199$"beCause of . 
conee.hls··abOuntiei(a'iidityof '. 
the human exvosure'sti.idYWtd'< 
becalise'~ new' informatiOn:" 
indicatea: '. tharttie':j,di~p~ilty" 
between' 'ab§orptiOn':' :'-"'9('.>; 

~~=e~.e.'to ~$a't~: ;:f::' 
overestinia'ted:' ".:. ...... . 

New ApPrQach . - ,.,-.". 

. . ::.1 " 

l"he revised -, RID for 
manganese: is for·ihe,totaloraf· '.' 
intake'of . mang~t1e~~', ~if-'; 
value is 0~14mglkgld~ya'nd: is~ " 
derive<J ·· .. ~~.~!~~s:··-~;'.i;~:.····.· '.' 

. ,.; < ... ;;,:.-;., 
• avelage~dulfbOdy;'(' ..... . 

weight = 7.0 kg" ./' 

Therem; the RflY= .. 

10 mg/day=0:14:mgikg/day.;··:·"· .' 
70 k~f"" :' . . .:,',.,"-

. \. 

A modifying:factor'of'3' 'is 
recommeridec:i"in 'IRIS'\vhen 
assessing'·exposure·from. 
drinkingwatet .. ,: 

"':'.: '. 

Drinking"Water 'Expo~'tires' 
. ..', I~-··., • ..":;. : •. ' • 

The average.' 'dietary' ," 
manganeSe C9ntentofthe.U:S.:·· 
population; .;5' mg/day,' is . 

.' ';;' subtract9d' 'from the "critical 
dose" of10 mg/day:" '.. , 

10 rng/day -' 5rng/day = . 
5 rng/day' ,', . . 

Apply modifying factor of 3 per 
·IRIS recommendation::·· .. ··.· 

5 mg/day= 1.6TmgldaY':· :,:' 
3 .' .. ' ~ 

t ,.'".', 

8 

.~.: : .. 

Compute RID: 

1.67 rng/day =.;024 rng/kg day 
. 70kg·.~.·· . 

The'Hazar~lndex (Hif.fo~·· 
.drinking 'water is'calcui~ted'as 
'follows . (using" ' .. a·simpllfied'·. 
equation): . . " ... 

:". :~.:;'::.": -.: ~ ,. 

Concehtriitio~(Rlwl}· .. 2jitEirs/day' . 
0.024·rhgJkg~day *:70 kg'" . 

"'::' ".: . 

A HIOf·l;·.:caITespOnds· -to 'a ." 
concentration ()f~840,t'iglL::. 

· . . .. '.-"'; .... ,': -.: 

. Soil Exposure.' . 

A ·modif}lingfactor·'of3·'maY:be··': 
appropriate for a'sSessing ,risk$\;.·· 
via exposure to, soils if neonates 

· (a child ,12moriths·ot,:yburiger),:, . 
are a potentiallY:': e'WQSed ..; 
population. For rnost RcRA and 
Superfund.; 'riSk::.·a$sessments:'·' 
-neonatesare'Unlil(ely·-<to'·be'.· . 
exposedtosignificant'BmOunts:;;:· . 
of soils,;· Thereforeia,ri)Odifying: 
factor ,of ,>1 ":is':; appropriate> 
Assumingexposure(to.acYciung ,. . 
child ,under\- :8 : 'residential:' 
scenario; ahazardt index: of 1 fori' 
manganese· '·in'.' :50il· would.·' 

· correspond, .. :.to· . a.' soil 
concentration ot§'5QQ:~g: ": 

.. " ... ', . ",' . 

written. by MargarefMCiJonough . 

r-' 

:·',ATmn·.: 
1..:" I;,",r, ,'. 

Ca.ncer stope 
'Factors~ 

jorPCBs 

EPA recently reassessed the 
scientific evidenCe for the 

. carcinogenicitY ofpOlychlorinated 
biphenyls': (PCBs)" ;A' range of ' 

. .... new· cancer slope factors·for. 

' .• 
('"". 

.PCB mixtures were, posted on .. :..... 
the IRIS chemical~'jn~rmatlon" 



• 
data base on October 1, 1996. 
The new slope factors reflect 
the current knowledge of EPA 
scientists and national experts 
concerning: 

• the influence on toxicitY of 
PCBs' by chemical 
transformation in the 
environment; 

• the tendency of PCBs to ' 
partition into various media; 
and 

• ,the potential for PCBs to 
biomagnify through the 
food chain. 

",To, fullY .. , underStand the, 
scientific ba~is for th~ slope 
factors ,and to correctly 'apply 
them in a risk assessment, 
carefully read ' EPA's 
supporting technical document, 
PCBs: Cancer Dose.:-response 
Assessment and Application to .. e\ EnvironmentalMixtures, which 

, ' explains iii greater detail the ' 
basis for the PCB 
reassessment 

The PCB reassessment results 
·indifferent 'cancer slope 

'factorS for PCB mixtures 
based on a consideration of, 
several different factors, ' First, 
the reassessment recognizes 
that environmental 'proCeSses' 
may significantly change the ' 
toxicity of Aroclor mixtures 
released into the environment 
Thus, new slope factors are 
determined t:>y the 
environmental pathway of' 
exposure rather than by 
reference to a toxicity stUdy for 
the particular Aroclor. Second, 

'c, toxicity stUdies which formed 
the basis of the previous slope 
factor for PCBs were 
reanalyzed using new criteria 
and nomendaturefor rat liver ". ' '-

~ ~ '. ', .. 

tumors, which resulted in a congeners with more than' 4 
reduced,number()ot- tumors,' , chlorines (establishing sufficient 
repdrt~'fdr"AroCIdr 'mixtures>"":,,, similaritY of'an":envii'bntnehcil 

~Z~1~;""n!~~:~~~'"~:(~$~~:':;',,.c,: '~::~~it~s=;~ea~t'p§tent 'PC~' 
General';'f'eGtriC'~;'Cor:ripany;i:" : ,-' 
were" conSidered in' the / : Additional: hlghlights6f' fhe 
derlvation';of'ttfe;'nevi ci3ricit : reassessment'" indude;: "the' 
slo~ : (adals::>, ~'; Four'th,"a' , following: "', ' 
revised, cross::'speeles'scaliilg . ' ',' 
factor as recommended in '. Changes 'in the> types 'oF 
EPA'5fJro;;&e(lGuid;;,jn~;f6;' ',,' envlronriienlal"data"'Cf)'j(ected 

"::.: :~;. 

Carcinogen Risk Assessment, for,PCe~rare reCommended;' 
~1FR 17960, was incorporated Afpresenfdata are'Cditectea' 
into the derivation of the new '~ , for' 'the ":>Comr.n~~iiilly 
slope factors. Lastly, a. new availaoleinixtures"()f(-PCBS . 
method forextrapolatihg risk to (Aroclors), and'th~"-::'tbtai 
low doses from ex~rimental C3moUnt of PCBs. . The , 

~~~~:=~::··i~lliL, 
:x'mn:;:~~~~ ap~~~ ato~OOi'the~~9~',~!~:~~:";':';':" 
tendencY and high en'd cancer • Analysis'o(dI6xiii""iik~:;p6B~"': 
slope factors for use iri risk is recommerid~/it)th~yi;ar~> " 
assessment When congener thought to be present. For 
information is limited, tt'!e ,sampl~';,[CbntaiHing' dioxin;.'; :,;; : . 
exPosure pathway is used to like PCBs'~:~~tlTe;risi("of'thEi,"";': 
indicatewhether environmental dioxiri4ike"P6'B~;is':add~(ftd:' : .' 

~=::: h:v~6~cr:=e~~ :en:~~~~~t~:~!~?,:.~:~~,"::' .. , ' 

potency. When congener norl'dioxin'ilike';:' 'PC'B~';" . 
'inforrnationis available, further presented:' ,:.> in: ' ,:thilf";' 
refinement of the potency reassessment",':,' OnlY;,a::"'" .. ' 
estimate can occur. Three COrigen~-speCific!<;"arial~;sis; , 
categories of slope factors are can'" detennine: whether"'" 
developed based on the dioxin~ike'PCBs ate present:' ,', 
expOsure pathway or, if more' The risks":tTOm' 'dioxiri:"like;~i '.:, 
information is' available, . the PCBs are evaluated using a 
PCB congener makeup of the tOXicity equivalenCe, :tactor ' 

, mixture. A "high-risJ( category (TEF) apprqachi,"(See the 
is used for exposure pathways PCB reassessment and 
associated with environmental March 1989 Interim , 
processes 'that tend 'to Procedures For Estimating 
increase risk: a "low-riskD Risks Associated . With 
category for those that tend to Exposures to Mixtures' of 
decrease risk; and a "lowest Chlorinated Dibenzo-p-
risk" category for cases where dioxins and -Dibenzofurans 
congener or isomer analyses (CDDs and CDFs) and 1989 
verifies the absence of 
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Update (EPAl62513-
89!V16) for mOrf!. delai!s.')' • 

, L:"": - "" '." .", 

eNew·tilghl/ eXQQ~ed ~~d.·: 
hicihlY sensitiVe OOpulations • 
who ' ment' qsQecffic·. .J 

evaluation are identified. 
~Highly: .~~posed 
pOpulations .inclljde>.,59Jne ':. 
fll:lrSing' .... infantS 'cJn(j 

, consumers of game fish 
and, .,.:,g~~, a.ni.~ 
contai1iiriatea throu" h . the 

It~~~~:\: 
"", ' ..... ,'!: 

~~~a~~~i': 
wast~s.itAA:.an~~~,~t~u:i~~.'. ';' '.' 
forP¢:a.s •. ;:(owe.r.~s~r11ates :bf'l . 

=:~~T~=;~kj:,~~~:~~'::: 
When ~ngthe;risks from 

:~!f.~1'3.(r~~f~:;:.· .. 

a~~~~: 
ho~·;pag~.·;Of,l)Jtle;.IIJ~~$}.t,;~L:.·/·. 
http;I(wWw,~;9ovIOgD.A·::' 
copy:i~:.,also av~i~IeClttl1~·· . 
Region I EPA library, and. iL, 
may·.be copied ont(h~' ;~isk if: ':,' . ''', 
you .. J:~ring.cyollr;.:()wl"!~.;,": J;tt,e·;'.::' .. 
librar:yha~;; a .Flevl: 19lk:free .. '-. " 
numbeF~;fOf: ~!~within.,New~: .... 
EnglaJ;1d:·'13.8~EPA-lIB~: .'. . I " 

.~I ~;":'~;":;.;,-=\: .. ::...... .. .;.", ....... ~:. '.: ... . 

wri~enby MfJry Balie~ .. 
". & Ann::;Marie·Burke 

,-,,":' ': 

.. j ..•.• ' .. " 
.'. .., ," 

. ' ....... . 
:;. .. ,' 

To be.included on future mailing list, 
please ~/l(ty~uradd~ jtrJ9l~ing 
Intemetci~ressto: Jayne' M.~Ud 

. '(jf'$tephcinle' carr at,,,: . 
miChatJ(i;j~yOO@epainait,epa:g6v .: ,.:" 
carr.stl}ph;mie@ep~maU;epa;gov.:.~~;.? 
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