


TABLE OF CONTENTS 

Page 
LIST OF ACRONYMS AND ABBREVIATIONS . . . . . . . . . . . . e . . . . . . . . . . . . iv 

1.0 INTRODUCTION ............................................ l-l 

2.0 GOALS AND OBJECTIVES ................................... 2-l 

3.0 TECHNICAL APPROACH .................................. 3-l 
3.1 
3.2 

Basis of the Work Plan ...................... 
Additional Site Characterization - SWMU 9 ...... 
3.2.1 Background Sampling ................. 
3.2.2 Area “A” Investigations ................ 
3.2.3 Area “B” Investigations ................ 
3.2.4 Area “C” Investigations ................ 
3.2.5 Surface Water and Sediment ............ 
3.2.6 Groundwater Quality ................. 
Miscellaneous Investigation Considerations ...... 
3.3.1 Surveying .......................... 
3.3.2 Laboratory Analyses .................. 
3.3.3 Data Validation ...................... 
3.3.4 Field QA/QC ........................ 
3.3.5 Investigation Derived Waste (IDW) ...... 
3.3.6 Standard Operating Procedures (SOPS) .... 

. . . . . . . 

. . . . . . . 

. . . . . . . 

3.3 
. . . . . . . . 

. . . . . . . . 

. . . . . . . 

. . 3-l 

. . 3-l 

. . 3-1 

. . 3-4 

. . 3-9 

. 3-12 

. 3-14 

. 3-17 

. 3-18 

. 3-18 

. 3-18 
, 3-18 
. 3-19 
. 3-19 
_ 3-20 

4.0 DATA EVALUATION ........................................ 4-l 
4.1 Background ............................................ 4-l 
4.2 Groundwater Flow and Quality .............................. 4-2 
4.3 Human Health Risk Assessment (HHRA) ...................... 4-2 
4.4 Ecological Risk Screening ................................. 4-3 

5.0 

6.0 

7.0 

REPORTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-l 

SCHEDULE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-l 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-l 

ii 



LIST OF TABLES 

3-1 Sampling and Analysis Summary 

LIST OF FIGURES 

3-1 Background and Sediment/Surface Water Sampling Locations - SWMU 9 - Area.s A and B 

3-2 Sampling Locations - Phase III - SWMU 9 - Area A 

3-3 Sampling Locations - Phase III - SWMU 9 - Area B 

3-4 Sampling Locations - Phase III - SWMU 9 - Area C 

LIST OF APPENDICES 

A Naturally Occurring Soil and Groundwater Constituents 

B EPA Region III Biological Technical Assistance Group Ecological Screening Criteria 

A 

. . . 
111 



LIST OF ACRONYMS AND ABBREVIATIONS 

BTAG 
BTEX 

Biological Technical Assistance Group 
Benzene, Toluene, Ethylbenzene, and Xylene 

Corrective Measures Study CMS 

EPA Environmental Protection Agency 

FY Fiscal year 

Human Health Risk Assessment 

IDW Investigation Derived Waste 

LNAPL Light Non-Aqueous Phase Liquid 

MCLs 
MS/MSD 

Maximum Contaminant Levels 
Matrix Spike/Matrix Spike Duplicate 

NOAA National Oceanic and Atmospheric Administration 

Operable Unit ou 

PID 

PVC 

photo ionization detector 
poly-vinyl chloride 

Quality Assurance/Quality Control QMQC 

RCRA 
RF1 

Resource Conservation and Recovery Act 
RCRA Facility Investigation 

SOPS 
SWMU 

Standard Operating Procedures 
Solid Waste Management Unit 

Total petroleum hydrocarbons TPH 

USEPA United States Environmental Protection Agency 

iv 



1.0 INTRODUCTION 

This work plan has been prepared to perform additional field investigation work at Naval Station 

Roosevelt Roads under the Corrective Action provisions of the Station’s Resource Conservation and 

Recovery Act (RCRA) permit. The work plan addresses comments received from the United States 

Environmental Protection Agency (USEPA) in a June 15, 1998 letter (received June 18, 1998) 

regarding the draft Solid Waste Management Unit (SWMU) 9 RCRA Facility Investigation (RFI) 

Report (Baker, 1998). 

Two previous phases of investigation have been completed at SWMU 9. The initial phase of work 

included all the investigations contained within EPA approved RCRA Facility Investigation Work 

Plans (Baker, 1995). Results of this work were provided in the Draft RF1 Report for Operable Unit 

(OU) 2 (of which SWMU 9 was originally a part) (Baker, 1996). Comments were received form EPA 

(March 4, 1997 letter) which addressed the findings at SWMU 9. Based on the comments, a work 

plan for a second phase of investigations was prepared and submitted (Baker, 1997). This was 

approved in due course and the investigations were performed as “Phase II”. The Phase I and Phase 

II data were combined and presented in the Draft RF1 Report for SWMU 9 (Baker, 1998). The work 

described in this volume will constitute the third phase of investigations. 

Specific elements of the investigations to be performed during Phase III include: 

. A background soil and groundwater sampling program designed to provide site 

specific background for comparison purposes. 

. A soil boring/groundwater program focused in certain areas (e.g. disposal pits, 

contaminated wells) to ascertain the extent of contamination, and 

. An assessment of ecological risk posed by the SWMU using actual sampling data 

from proposed sediment and surface water locations. 

When this work is completed, the results will be provided in a draft report. Onct: the site 

characterization information is complete and approved, the data from this investigation will be included 

in the SWMU 9 RF1 report and finalized. 
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2.0 GOALS AND OBJECTIVES 

The first two stages of investigatory work at SWMU 9 has provided much of the information needed 

to understand the environmental impact of operations at the site; however, the findings of the initial 

work has raised additional questions which need to be addressed before till conclusions regarding final 

site disposition can be made. It is the objective of the work described in this work plan to answer the 

remaining questions pertaining to site characterization and attendant risks to human health and the 

environment. 

The goals of the investigations are related to the specific findings of the previous work. Each of these 

are discussed below. 

2.1 Significant Findings 

SWMU 9 has been subdivided into three areas based on remote groupings of tanks comprising the 

SWMU. These have been designated Areas A, B and C. The discussion of findings uses these 

designations. 

Area A (comprised of the area containing Tanks 212 and 213 and including well 9MWO2R) has had 

a number of data gaps identified as follows: 

A 

1. 

2. 

3. 

4. 

Well 9MW02R was originally intended to be a background sampling point for Areas 

A and B. During drilling, a petroleum odor was noted and groundwater sampling 

confirmed the presence of significant levels of benzene and toluene. The extent of this 

contamination has not been established. 

Groundwater elevation information is needed to understand groundwater flow 

directions in the area of 9MW02R and how they may relate to Areas A and B. 

The potential usability of the uppermost aquifer as a drinking water source has not 

been established. 

Metals concentrations in soil and groundwater exceed the background values 

established at the Base perimeter. 
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5. Sampling at well 13GW02 indicated the presence of benzene above Maximum 

Contaminant Levels (MCLs). The extent of the contamination has not been 

established. 

Area B (comprised of the area containing Tanks 2 14 and 2 15) also has been identified as having data 

gaps. These are: 

1. 

2. 

3. 

Metals in groundwater and soils exceed the concentrations in the Base background 

dataset. 

Sampling results at 13GWO5 indicated the presence of benzene above MCLs. The 

extent of the contamination has not been established. 

Sampling results at 9TP02 and nearby well 13GWO6 indicated the presence of semi- 

volatile organics at significant levels. Also in the general area of these two sampling 

points, a disposal pit has been identified. The extent of any contamination around 

9TP02 and 13GW06 has not been established nor has direct sampling of the disposal 

pit been performed. 

Area C (comprised of the area surrounding Tanks 2 16 and 2 17) also has been identified as having data 

gaps. These are: 

1. 

2. 

Two organic constituents were detected, one each in widely separated wells. The 

extent of these occurrences has not been established. 

Cadmium in groundwater at one location was above values established in the 

background dataset. 

There were also two general areas were information is needed. One is related to ecological risk. Based 

on the findings of the initial investigations, it appears that some contamination is present ,that could 

cause adverse effects to environment. The potential ecological risks need to be established. Second, 

the tanks are subject to 40 CFR 280. Compliance with these statutes has not been documented. 



2.2 Investieation Goals 

This workplan proposes a series of investigations designed to address the concerns of the EPA and to 

close data gaps which exist at the site. The goals of the program, and how they are to be reached, are 

briefly discussed for each area in the paragraphs which follow. 

The goals for Area A are: 

1. 

2. 

3. 

4. 

5. 

Establish the extent of the benzene and toluene “plume” in the area of 9MW02R. 

This will be accomplished through a boring program during which soil and 

groundwater samples will be obtained in concentric rings around 9MWO2R. 

Establish groundwater flow directions through the interpretation of groundwater 

elevation measurements to be obtained in existing wells and proposed temporary 

piezometers. 

Establish a site-specific background for soil and groundwater through a drilling and 

sampling program at the perimeter of SWMU 9. This will provide a comparison data 

set for onsite sampling results. 

Establish the general quality of the uppermost aquifer in terms of its usability as a 

potable water source. This will be accomplished by analyzing certain groundwater 

samples for the “National Secondary Drinking Water Regulations” (4OCFR, 

Part 143) parameters. 

Establish the extent of benzene contamination, if it is found to be present areally, at 

well 13GWO2. This will be accomplished through a boring program during which 

soil and groundwater samples will be obtained and analyzed from borings placed at 

varying distances downgradient of 13GWO2. 

The goals for Area B are: 

1. 

2. 

Establish a site-specific background for soil and groundwater through a drilling and 

sampling program at the perimeter of SWMU 9. This will provide a comparison 

dataset for onsite sampling results. 

Establish the extent of benzene contamination, if it is found to be laterally extensive, 

at well 13GW05. This will be accomplished through a boring program during which 
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3. 

soil and groundwater samples will be obtained and analyzed from borings placed at 

varying distances downgradient of 13GW05. 

Establish the extent of semi-volatile organic contamination, if it is found to be 

laterally extensive, downgradient of 9TP02 and 13GWO6. This will be accomplished 

through a boring program during which soil and groundwater samples will be 

obtained and analyzed from locations progressively downgradient of the test pit and 

monitoring well. Also, the area of the disposal pit will be directly investigated using 

a boring directly through the area. 

A 

The goals for Area C are: 

” 

I. 

2. 

Establish a site-specific background for soil and groundwater through a drilling and 

sampling program at the perimeter of SWMU 9. This will provide a comparison 

dataset for onsite sampling results. 

Establish that the two semi-volatile constituents found are laboratory/sampling 

artifacts. This will be demonstrated through the resampling of the wells. 

Additional general goals of the investigations are: 

1. Establish the ecological risk posed by the contamination seen at SWMU 9. This will 

be done by: 

. collecting sediment and surface water samples 

. identifying potential receptors, and 

. comparing sampling data to EPA Region III Biological Technical Assistance 

Group screening levels. 

2. Establish that tanks 2 12 through 217 are in compliance with 40 CFR, part 280. This 

will be accomplished through a records review. 

Details of all the investigations to be performed are provided in Section 3.0 of the workplan. 
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3.0 TECHNICAL APPROACH 

This section of the work plan describes the technical elements of the investigations needed to 

accomplish the goals described in Section 2.0 

3.1 Basis of the Work Plan 

A 

A 

The USEPA has approved a RCRA Facility Investigation (RFI) work plan for the initial work at 

Roosevelt Roads under the Corrective Action program (Baker, 1995). This work plan addressed all 

the necessary technical elements including provision of the following separate plans: 

. Project Management Plan 

. Data Collection Quality Assurance Plan 

. Data Management Plan, and 

. Health and Safety Plan. 

Together, these plans provided all the details regarding field investigatory techniques, laboratory 

analyses, data validation and data evaluation needed to fulfill the requirements of the RF1 program. 

Since this document is in place and approved, it will form the basis of this work plan. All the 

investigatory tasks described in subsequent sections of this plan will be performed in accordance with 

the techniques and methodologies provided in the original approved plan. Therefore, only the work 

elements themselves are discussed in the sections which follow, 

3.2 Additional Site Characterization - SWMU 9 

3.2.1 Background Sampling 

Site Context 

Exceedances of the base-wide background values have been encountered for certain inorganic 

constituents in the soil. ,w It is the Navy’s contention that the inorganics are present in the soil as a direct 

/,@--- result of their being derived from volcanic rocks. Supporting information for this contention can be 

found in Appendix A. This information gathered from readily available literature indicates that the 

SW=+. 
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constituents seen in the on-site soils and groundwater are naturally occurring sometimes at significant 

concentrations. Also, the site has been strictly used for petroleum product storage and not for the 

management of any other chemicals or wastes. These facts notwithstanding, a site specific background 

will be developed for surface soil, subsurface soil, and groundwater. 

Investigations Proposed 

A total of five background soil/groundwater sampling locations are proposed. Four of the locations 

are shown on Figure 3-l while the fifth, in Area “C”, is shown on Figure 3-4. Samples will be 

obtained using Hydropunch@ equipment. A sample from the first one-foot below ground surface and 

the sample from immediately above the water table will be submitted to the laboratory for analysis of 

Appendix IX metals and metalloids. The laboratory results will be validated by an independent, third- 

party, data validation firm. 

A groundwater sample will be obtained at each location. The samples will be analyzed for volatile and 

semi-volatile organics and total and dissolved Appendix IX metals and metalloids. The results will 

be independently validated. 

Investigations Rationale 

A number of background samples for soil and groundwater were selected based on two needs: 

1. 

2. 

Area1 distribution of samples to ensure that all areas are represented, and 

Provide a large enough data population that would be representative of natural 

conditions. 

Five sample locations were selected to provide a representative area1 distribution of points. Four of 

the locations are associated with Areas A and B and represent the nearest points available that are 

sufficiently away from the SWMU to be unaffected by site activities. One background location was 

established in Area C, again sufficiently away from site activities to be unaffected yet close enough 

to be representative of site conditions, to assess whether the relative remoteness of Area C results in 

different soil/groundwater characteristics. 
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Five samples will also provide a suitable statistical population for development of a s&c-specific 

background. The intent is to provide a sufficient number of samples, from arcas representative of site 

characteristics, to impart natural variability in constituent concentrations into the background 

database. This will allow the comparison of site data to background to be made with less possibility 

of false negatives or positives being encountered. 

At each of the five locations, a surface soil, a subsurface soil and a groundwater sample will be 

obtained. This pattern of sampling mirrors that used for on-site sampling in the SWMU. The samples 

also correlate to the media assessed for human health (i.e.: surface and subsurface: soil and 

groundwater). Collection of this background information will allow direct correlations to be made with 

site data. 

Soils for the background will be analyzed for Appendix IX metals and metalloids. No volatile or semi- 

volatile organics are to be analyzed for, since the only questions related to the soil from the initial 

investigations was related to these constituents. Volatile and semi-volatile organics will be analyzed 

in groundwater (along with Appendix II metals) to assess whether they are present in the background. 

Data Usage 

The average concentration for each constituent detected in the site-specific background will be 

determined and multiplied by two. Multiplying the average background value by two will provide 

comparison criteria that reflect natural variability in constituent concentrations and which will limit 

false positive detections while still having the capability of detecting significant exceedances. The 

resulting values will be used to compare to site data for purposes of determining whether the inorganic 

constituents seen are naturally occurring. This approach has been taken from EPA Region IV 

guidance (USEPA, 1995). The new site-specific background will also be compared to the existing 

background to ascertain whether obtaining site-specific information results in a more comparable 

background dataset. 
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3.2.2 Area “A” Investigations 

Site Context 

Two continuing areas of concern were found to be present after the first two phases of investigatory 

work. There is an area of elevated benzene concentration (13Oug/L) in the vicinity of monitoring well 

13GWO2. This area of benzene occurrence was documented in the report; however, the extent of its 

occurrence was not established since there was no evidence of a problem during the field 

investigations. It was only upon receipt of the validated data that the problem was identified. EPA 

has, in their comments, requested additional characterization in the area of 13GWO2 to delineate the 

extent of the benzene occurrence. 

Well 9MWO2 was installed during the Phase I investigations just off the access road to Areas A and 

B at a point remote to each operational area. The location should have been free of effect from site 

operations. The well was installed with the intent to have the well screen straddle the water table 

which would allow any light non-aqueous phase liquid (LNAPL) to freely enter the well. Final 

equilibrated water levels were found to be significantly higher than the apparent occurrence of water 

in the boring would have indicated. This resulted in complete inmmdation of the well screen. 

Well 9MW02R was installed during the second phase of investigations to remedy the situation. The 

replacement well (hence the “R” designation) was installed in approximately the same location as well 

9MWO2 which was abandoned by overdrilling leaving only the replacement well (9MWO2R) operable. 

9MW02R was sampled during the second phase of investigations. A petroleum odor was noted during 

drilling and benzene and toluene were found in thegroundwater at levels significantly above the federal 

MCLs. EPA has requested additional investigations in the area of 9MW02R to delineate the extent 

of the groundwater contamination. 

The contamination found in 9MW02R was unexpected since the well was in a background location 

and was situated well away from the tanks and operational areas. Now that it is known that there is 

contamination present, the direction of flow in the vicinity of 9MW02R is of considerable more 

interest. Assessing the flow directions is important in understanding where the plume associated with 

9MW02R may be migrating. 
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Investiaations Proposed 

Well 13G WO2 Area 

.- 

,- 

Two HydropunchQ locations are shown on Figure 3-2 50 feet topographically downslope (and 

therefore likely downgradient) from the well. The HydropunchO equipment will be driven through the 

soil until groundwater is encountered. There will be no soil samples obtained. A sample of the 

groundwater will be obtained and analyzed in an on-site, mobile laboratory for benzene, toluene, 

ethylbenzene and xylene (BTEX). In addition, Well 13GWO2 will also be sampled and analyzed for 

BTEX. Throughout the Phase III investigation program, one Hydropunch@ sample of each four will 

be taken as duplicates with one portion submitted to a mainland analytical laboratory. The results of 

the mainland laboratory analysis will be independently validated to provide a quality check for the on- 

site lab. 

If one or both of the two samples indicate the presence of BTEX constituents, additional Hydropunch@ 

locations will be employed at a distance of 150 feet from the well as shown on Figure 3-2. These will 

be sampled and analyzed in the same manner. Should the outermost ring of hydropunch. locations 

indicate the presence of benzene, no additional sampling will be required due to the nearness of the 

surface water. 

In conjunction with the HydropunchB work, well 13GWO2 will be resampled with the sample analyzed 

in the on-site laboratory. This will provide a time-equivalent “snapshot” of area ground water 

conditions. 

9MWO2R Area 

The first step in addressing the 9MW02R area will be to review available site utility and product 

pipeline maps. Special attention will be paid to pipelines and associated clean-outs, valve boxes etc. 

to ascertain the possible source of the contamination seen in the well. In addition, fuel workers will 

be interviewed to determine if repair work on pipelines was performed in this area in the past. Finally, 

the results on any pipeline pressure testing will be sought to see if this information can shed any light 

on the possible source of contamination. 
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The area around 9MW02R will be investigated using HydropunchB equipment. Twelve 

HydropunchB locations are shown on Figure 3-2 with three points 50 feet from the well, three at 100 

feet and six at 200 feet. The 50 foot, 100 foot and the three 200 foot locations shown as 

HydropunchB piezometers will be advanced as a part of the initial work starting with the holes closest 

to 9W02R and moving outwards. 

At each location, a soil sample will be obtained Corn the zone immediately above the water table. This 

corresponds to the same soil horizon where contamination by BTEX constituents were found in borings 

made for earlier investigations. These samples will be sent to a mainland laboratory for analysis of 

BTEX and Total Petroleum Hydrocarbons (TPI-I). 

A groundwater sample will be taken from 9MW02R and each of the nine HydropunchB locations 

included in the initial effort. These samples will be analyzed on-site for BTEX. Depending on the 

results of the analyses, the remaining locations on the 200 foot ring may be advanced and sampled 

depending on apparent plume migration direction. If the 200 foot locations continue to exhibit 

contamination, discussions will be held with the EPA to determine any further steps that may be 

required. 

The three Hydropunch@ piezometer locations will be advanced and sampled as the others. When 

complete, a small diameter poly-vinyl chloride (PVC) temporary monitoring well will be placed in the 

hole extending into the groundwater. This approach will allow the locations to serve as temporary 

groundwater elevation measurement points. The information from the piezometers will be used to 

assess groundwater flow directions. 

In summary, the following order will be followed in performing the investigations in the 9MWO2 R 

area: 

. Three hydropunch sampling points will be placed 50 feet from the well 

. Three will be placed at 100 feet from the well 

. Three will be placed at 200 feet from the well (to be temporary piezometers) 

. If contamination is seen at 200 feet from the well, up to three additional points will 

be established at 200 feet 

. Should contamination extend beyond 200 feet, EPA will be consulted 
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Investigations Rationale 

WelI i3G W02 Area 

Well 13GW02 contained 130 ug/l benzene in the groundwater. A boring program has been proposed 

that will utilize the relatively lesser intrusiveness of the hydropunch techuology coupled with an on-site 

laboratory to provide an immediacy of analytical results. This will allow the investigations to “react” 

to sampling results while the crew and equipment are still in the field. 

The area around 13GWO2 itself is relatively flat; however, the ground slopes strongly away form the 

well within 25 feet in the direction of Vieques Sound/Atlantic Ocean. Based on the topography, the 

water table is inferred to have a primary flow direction of downslope towards the open water. The 

borings proposed have been strategically placed so as to intercept this primary direction of flow. 

Borings are proposed for a distance of 50 feet from the well. If contamination is found, additional 

sampling points will be established at a distance of 150 feet. Should contamination be found in the 

150 foot locations, no additional sampling will be performed. Beyond the 150 foot line, the slope 

significantly increases rendering additional sampling locations infeasible. Also, the nearness of open 

water also negates the need for further sampling. 

Analysis of the groundwater will be for BTEX only. This will allow the detection of benzene, which 

was the only organic found in 13MWO2, as well as the additional fuel parameters which are often 

associated with benzene. No soil samples will be obtained since there was no soil contamination seen 

in this area during previous investigations. Well 13GWO2 will be sampled iu conjunction with the first 

hydropunch sampling. Analyzing this sample for BTEX will establish whether benzene is still present 

in the well or whether its original occupancy was transitory. 
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9MWO2R Area 

The same general investigatory approach as that proposed for the 13GWO2 area will be utilized here 

except that more extensive sampling is proposed since the apparent contamination is more severe in 

the 9MW02R area. Also, the intent of the investigations in this area is threefold: 

1. To identity, if possible, a source for the benzene and toluene 

2. To establish the extent of contamination, and 

3. To establish groundwater flow directions. 

Each of these is discussed in the paragraphs which follow. 

A review of available drawings will be made to see if a source for the contamination seen in the area 

of 9MW02R can be identified. Also, fuels department employees will be interviewed to see if there 

are any remembrances of incidents in the past which could have led to the contamination seen in the 

area. At the present time, the working hypothesis is that the contamination arises from a past leak 

from a pipeline. This is intuitively thought since it would only be reasonable to expect a pipeline to 

follow the same route as the access road. 

The extent of the contamination will be established through on site analysis of samples obtained at 

points progressively further away from the location of 9MW02R. This approach will allow the extent 

of any plume to be established during this phase of investigations thus eliminating the need for 

additional work. 

The rise of groundwater elevation measurements taken in the existing wells and the temporary 

hydropunch piezometers will provide sufficiently detailed information to establish groundwater flow 

directions throughout Areas A and B of SWMU 9. Knowing the direction of groundwater flow will 

allow predictions to be made regarding the direction of possible contamination migration enabling the 

field investigations to be modified accordingly. 
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Data Usage 

Information obtained from the investigations around 13GWO2 will be assessed to determine if a plume 

of contamination is present in the vicinity. The human health risks will be recalculated for all of Area 

A using the newly acquired sampling data. If a cmtaminant plume which poses significant risk is 

found, the data from this program will be used during the Corrective Measure Study (CMS) to aid in 

the selection of the appropriate remedial alternative. 

The extent of the plume of contamination in the area of 9MW02R will be identified. A source for the 

contamination will attempt to be identified based on interviews with employees and utility/pipeline 

maps. The hydraulic relationship of 9MW02R to Areas “A” and “C” will be established through the 

measurement of groundwater elevations in existing wells and the Hydropunch@ piezometers. Based 

on the results of the investigation, an assessment of human health risks will be performed for all of 

Area A. Final analysis of the risks and the extent of contamination will provide the basis for 

conclusions regarding site disposition. 

3.2.3 Area “B” Investigations 

Site Context 

Two specific areas within Area “B” are of interest: The area around well 13GW0.5 where benzene in 

groundwater was found, and the area around 9TP02 and well 13GWO6 where semi-volatile 

organics were found also in groundwater. Each of these areas is separately addressed through a 

tailored HydropunchB investigation program described in the paragraphs which follow. 

Investigations Pronosed 

13GWOS 

Two initial sampling locations have been selected as shown on Figure 3-3. These locations, located 

50 feet downgradient, are designed to intercept any contamination which is flowing away from the well 

in the directions most likely to receive flow based on the previous groundwater investigations and the 

site topography. HydropunchO equipment will be advanced into the groundwater and a sample will 

3-9 



h 

F@---- 

m 

u** 

,-, 

be obtained. The sample will be analyzed for BTEX in the on-site laboratory. In addition, a 

groundwater sample will be obtained from 13GWO5 and analyzed for BTEX on-site. 

Three provisional sampling locations are shown on the figure in a downgradient ring 100 feet from the 

well. These sites will have groundwater sampling performed (using Hydropunch@ equipment) only 

if the results of the first samples indicate the migration of contaminants away from the well. 

13GW06, 9TPO2, and the Disposal Pit Area 

A total of four groundwater sampling locations are proposed as shown on Figure 3-3. These locations 

were selected to intercept groundwater flow away from the area and were chosen based on previous 

groundwater information and the topography of the site which slopes away to the east and southeast. 

All the locations will be investigated using HydropunchB equipment. At each sampling site, the 

HydropunchQ will be advanced into the groundwater and a sample obtained. The samples will be 

analyzed for BTEX and semi-volatile organics in the on-site laboratory as these were the constituents 

detected in the earlier investigations. In addition, a sample will be obtained from 13GWO6 and 

similarly analyzed. 

The sampling location that is within the projected area of the Disposal Pit will be used to obtain a 

groundwater sample as previously indicated and also to obtain up to two soil samples. The first 

sample will be taken in soil that exhibits petroleum or other contamination [either visually, olfactorily, 

or on the photo-ionization detector (PID)]. Samples will be analyzed for BTEX and semi-volatile 

organ&. If no apparent contamination is identified - no sample in that interval will be obtained. A 

soil sample will be obtained from immediately above the groundwater table regardless of whether 

evidence of soil contamination is present. 

Five provisional HydropunchB sampling locations are indicated on the drawing (Figure 3-3). The 

northern and easternmost four are contingent on finding contamination in the 50 foot ring samples. 

If the northernmost 50 foot location exhibits positive detections of organics, the northeastern two 

additional points will be employed. If the 50 foot point nearest 9TP02 contains contamination, the 

middle two 100 foot points will be sampled. If the southernmost 50 foot point contains organics, the 

two southeastern points will be sampled. Finally, if any two of the 50 foot points contain 

contaminants, all four of the 100 foot points will be sampled. The 50 foot point southwestward from 

3-10 
“-a 



the Disposal Pit will only be used if groundwater is found to be affected in the Disposal Pit sampling 

location. 

For both areas within Area “B”, if contamination is found in the 100 foot ring and it is not higher than 

that originally seen in the Phase I near source locations, no further samples will be taken and the 

groundwater will assume to discharge to the surface water at the 100 foot ring concentration. 

Investigation Rationale 

I3GW05 Area 

The approach to be employed at the 13GWO5 area parallels that described previously. Two sampling 

points will be established at a point 50 feet away from the well downgradient of the well location. 

Groundwater flow direction has been interpreted based on topography, i.e. the ground rapidly slopes 

away form the well and it is likely that the groundwater surface mirrors the topography. 

The samples from the first two borings will be analyzed in an on-site laboratory to provide nearly 

immediate results. Should BTEX compounds be found in either of the two new points, the three 

provisional locations will be investigated using the hydropunch equipment and on-site laboratory. 

Should contamination be found at these points, no further sampling will be performed. The nearness 

of surface water and the inaccessibility of the intervening area render additional sampling unnecessary. 

13GW06, 9TPO2 and Disposal Pit Area 

The rationale for the selection of groundwater sampling points in this area is the same as used 

previously for other areas with the exception that semi-volatile organics will be added to the analyses. 

This step was taken to address the findings of the previous investigations during which a smah number 

of semi-volatile organics were detected in the sampling results. 
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Data UsaPe 

The data will be analyzed and the extent of contamination will be identified. Risks posed by any 

constituents found to be present will be assessed for both human health and the environment. Should 

contamination be seen to extend to the shore line, the need for additional monitoring wells will be 

assessed during the CMS stage (if required) of the RCRA Corrective Action program. 

3.2.4 Area “C” Investigations 

Site Context 

Two organic constituents were detected, one each in two widely separated wells. One of the organics, 

bis (2-ethylhexyl) phthalate, is a common laboratory/sampling artifact since it is plasticizer used in 

laboratory and sample containers. Also, the chemical is not a constituent of petroleum products. 1, 

2 Dichloropropane was found in another well at an estimated concentration of 2 ug/l. This is also 

often a laboratory artifact since it is an intermediate for carbon tetrachloride used in the laboratory for 

cleaning. 

One well at the northern end of the site exhibited total and dissolved cadminum above screening levels. 

Investigations Proposed 

Wells number 13GW 11,13GW 10 and 9MWO4 will be resampled. Each sample will be submitted to 

the mainland laboratory for analysis as follows: 

. 13GWll - volatile organics 

. 13GWlO - semi-volatile organics 

. 9Mwo4 - cadmium 

Laboratory results will be validated independently. 

One HydropunchB sampling location is proposed at the location shown on Figure 3-4. From this 

location, samples will be obtained from surface soils, from the soil immediately above the groundwater 
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table and from groundwater. Analyses, to be performed in the mainland laboratory, will be for 

Appendix IX metals. The resulting data will be subjected to third-party, independent validation. 

Investigations Rationale 

Investigations at this area largely amount to a resampling effort. Previous findings have indicated two 

single semi-volatiles, found in separate wells, at low levels, and cadmium found above the screening 

level in one well. The semi-volatiles are both common laboratory artifacts. Cadmium in one well was 

the only inorganic exceedance. 

The following were considered in assessing the need for further investigations at the site: 

. The site has only been used for the management of petroleum products - the semi- 

volatiles seen are not product constituents. 

. Only two semi-volatiles were found, one each in two widely separated wells, which 

does not appear to indicate a widespread organic plume. 

. The semi-volatiles were found alone - it is much more common to find a suite of 

organics present if the occurrence is related to releases, and 

. Cadmium occurs naturally in soil and groundwater 

Given these considerations, only confirmatory resampling is technically justifiable. 

There is one boring proposed for the site. This is designed to provide information on background 

concentrations (primarily for inorganics) as a part of the site-wide background data development 

discussed previously. 
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Data Useane 

The results of the resampling will be compared to the previous data to ascertain if the initial findings 

indicated real contamination or merely reflected the presence of laboratory artifacts. Should positive 

detections be confirmed, additional investigatory steps may be needed. These will be determined in 

consultation with EPA. 

The results of the HydropunchB sampling will be used to compare to site soil and groundwater and 

will be incorporated into the site specific background by combining with background samples from 

Areas “A” and “B” . 

3.2.5 Surface Water and Sediment 

Site Context 

Sporadic contamination has been identified in different areas of SWMU 9. Human health risks 

associated with the future resident scenario have been calculated from the Phase I and Phase II results; 

however, potential ecological risks have not been addressed. The investigations discussed in 

subsequent paragraphs provide for investigations designed to obtain supplemental information 

regarding site conditions that can assist in understanding ecological risks. 

The data available from the first two phases of investigation has already been screened for ecological 

risk by comparing site data to published ecological criteria. Using worst case scenarios of the most 

contaminated groundwater discharging to the mangrove areas, indications are that some exceedances 

of the criteria are present. Given this, it was determined that direct sampling of surface water and 

sediments, and the subsequent use of this data in the screening process, would result in a more accurate 

assessment of potential ecological risks. 
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Investigations Proposed 

Seven locations are proposed for sediment and surface water sampling. The sample locations are 

shown on Figures 3-l and 3-4 and are distributed as follows: 

. One sampling location north of Area “B” (Figure 3-l) 

. One location west of Area “B” and north of Area “A” (Figure 3-l) 

. Onelocation northeast of Area “B” (Figure 3-l) 

. One location east of Area “B” (Figure 3-1) 

. Two locations northwest of Area “C” (Figure 3-4) 

. One location far to the southeast of Areas “B” and “A” (Figure 3-1) 

The location southeast of Areas “A” and “B” will serve as background for the remaining samples. 

At each location, a sample of surface water will be obtained and analyzed for volatile and semi-volatile 

organics and Appendix IX metals in the mainland laboratory. A sediment sample will be obtained at 

the same location and analyzed for the same parameters. All analytical data will be validated. 

Investigations Rationale 

The entire intent of collecting surface water and sediment samples is to provide information to be used 

in assessing any ecological risks which may be present at the site. Receptors at the site are expected 

to include: 

. On-site, terrestrial, flora and fauna, 

. The mangrove areas immediately off shore, 

. The benthic community in the mangrove area, and 

. Species which feed on the benthic dwellers (and, diminishingly, species higher on the 

food chain). 

Surface soil samples previously obtained provide a suitable database for the assessment of terrestrial 

ecological risks so, therefore, no additional sampling of soil is proposed. 
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Aquatic receptors are usually more sensitive and, for that reason, it is important to obtain samples of 

the actual media in which they dwell (i.e., surface water and sediments). Risks to aquatic receptors 

have been preliminarily screened using the highest levels of contamination seen in the groundwater and 

site soils. This is a worst case approach since it does not take into account transport leaching, dilution, 

natural attenuation, etc. of constituents which act on the media prior to becoming surface water or 

sediment. These concentrations were compared to published screening criteria and the results indicated 

that there were possible ecological risks. This result prompted the proposal for a full sampling of 

surface water and sediment so that comparisons can be made to actual values rather than ones that are 

not media specific. 

Sampling locations (shown on Figures 3-l and 3-4) have been selected to provide a representative 

picture of surface water and sediment quality in the areas immediately surrounding SWMU 9. 

Essentially, two samples have been proposed from each of the Areas A, B and C within the SWMU. 

While this is the intent, the samples from Areas A and B do overlap somewhat because of the common 

shoreline shared by sections of both. 

The final location is well removed from any area that could be impacted by site activities. This 

location will serve as background. The data from the background location will be compared to the 

SWMU specific samples to ascertain what constituents of the water and sediment are naturally 

occurring. 

The analyses selected address all the constituents of concern related to SWMU 9. These include the 

volatile and semi-volatile organics (some of which are associated with petroleum products) and the 

inorganic constituents of Appendix IX. 

Data Useage 

The validated data will be compared to ecological screening criteria to assess the potential for 

ecological risk. The screening criteria to be used will be those compiled by the USEPA Region III 

Biological Technical Assistance Group (BTAG). These screening criteria have been provided as 

Appendix B to this workplan. This group has representatives from Region III, National Oceanic and 

Atmospheric Administration (NOAA) and the Commonwealth of Virginia. The criteria have been 

called from various sources and represents the most complete and up to date set of values known to 
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be available. It should be noted that the use of these values has been discussed with, and agreed to by, 

EPA prior to the submission of this workplan. 

3.2.6 Groundwater Quality 

Each of the existing wells that has been indicated for resampling at Areas A, B and C (includes wells 

13GW02and9MW02RinAreaA, 13GWO5 and 13GW06inAreaBand 13GW10,13GWll, and 

9MWO4 in Area C) will be analyzed for the constituents indicated in the appropriate sections. In 

addition, these wells will also be sampled for: 
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Aluminum 

Odor 

Salinity 

Color 

TDS 

Fluoride 

Hardness 

Chloride 

Iron 

pH (field) 

Manganese 

Corrosivity 

Sulfate 

Copper 

Silver, and 

Zinc 

7000 Series* 

---------- 

----------- 

110.1** 

160.1* 

340.2** 

130.2** 

9250* 

7000 Series* 

----------- 

7000 Series* 

Langlier Saturation Index 

903%3s* 

7000 Series* 

7000 Series* 

7000 Series* 

* “Methods for Chemical Analysis of Water and Wastes,” USEPA, EPA 600/4-79-020. Revised March 1983. 

** “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,” USEPA. SW-846 

These parameters comprise the National Secondary Drinking Water quality criteria as established in 

40CFR Part 143. These analyses will be performed in the mainland laboratory. 
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The data will be used to assess overall suitability of the uppermost aquifer to be used as a potable 

water source. While this is the case, the Base is presently served by a high quality and high capacity 

water source which is piped in from the rainforest. There is no intent to utilize the uppermost aquifer 

as a source of water. 

3.3 Miscellaneous Investigation Considerations 

This section contains some miscellaneous investigations and related Work that are required for the work 

proposed in the previous sections. 

3.3.1 Surveying 

All sampling locations will be flagged in the field and will be surveyed for vertical and horizontal 

location using established control. This surveying will be performed by the firm which did the 

previous work to ensure that the same level of survey quality and detail is attained. 

3.3.2 Laboratory Analyses 

All analyses done in the mainland laboratory will be performed in accordance with the methodologies 

contained in the approved Final RCRA Facility Investigation, Naval Station Roosevelt Roads, Puerto 

Rico (Baker, September, 1995) Work Plans. Table 3-1 summarizes the samples to be obtained and 

the analyses to be performed. 

It should be noted that many of the Hydropunch@ groundwater samples will be analyzed in an on-site 

laboratory to provide almost immediate data which can be used to guide subsequent steps in the 

investigation. When an on-site lab is used, 2.5 percent of the samples (one out of four) will be collected 

in duplicate with the duplicate sent to the mainland lab for analysis and subsequent data validation. 

This approach will provide a check on the field laboratory’s performance. 

3.3.3 Data Validation 

All mainland laboratory data generated by these investigations will be subjected to independent, third 

party, validation. The EPA Region II Data Validation Standard Operating Procedures (SOIPs) agreed 
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to prior to full approval of the original RF1 workplans will be followed. The same firm which has 

performed data validation for the previous RF1 steps will continue. This will ensure that the same 

techniques are followed and that an equivalent review of the data is performed 

3.3.4 Field QAIQC 

The approved RF1 work plans will be followed which will include the collection of Quality 

Assurance/Quality Control (QA/QC) samples as appropriate. These will include the requisite number 

of: 

. Duplicates 

. Matrix Spike/Matrix Spike Duplicates (MS/MSDs) 

. Trip Blanks 

. Field Blanks, and 

. Equipment Blanks 

Complete chain-ofcustody procedures will be followed. 

3.3.5 Investigation Derived Waste (IDW) 

Only three sources of minimal IDW are expected during these investigations: 

. Purge water from the sampling of the existing wells 

. Cuttings from the advancement of HydropunchB 

. HydropunchB tool decontamination water 

All waters will be disposed on the ground near the original source. The relatively limited areas of 

investigation and low levels of contamination indicates this is a technically adequate treatment of these 

waters. This approach has been used previously on Roosevelt Roads at certain SWMUs. 

Cuttings from the advancement of Hydropunchtis will be mixed with powdered bentonite and placed 

back in the hole from which they came. As much as possible, soils last out of the hole will be returned 

3-19 
6% 



first, thereby, approximating original stratigraphy. This approach has been extensively used in the 

past for hydropunch investigation. 

3.3.6 Standard Operating Procedures 

All the SOPS applicable to this work are included in the original RF1 work plans or subsequent 

addenda. 

The following SOPS are incorporated into this workplan by reference: 

SOP FlOl - Borehole and Sample Logging 

SOP F102 - Soil and Rock Sample Acquisition 

SOP F 104 - Groundwater Sample Acquisition 

SOP F 105 - Surface Water and Sediment Sample Acquisition 

SOP Fl 10 - Direct Push Soil and Groundwater Sampling 

SOP F20 1 - On-Site Water Quality Testing 

SOP F202 - Water Level, Water-Product Level Measurements, and Well Depth 

Measurements 

SOP F203 - Photoionization Detector (PID), IIJYu Models PI 101 and DL 101 

SOP F208 - Bacharach Combustible Gas/Oxygen Meter and Personal Gas Monitor 

SOP F30 1 - Sample Preservation and Handling 

SOP F302 - Chain-of-Custody 

SOP F303 - Field Logbook 

SOP F304 - QA/QC Samples 

SOP F50 1 - Decontamination of Drilling Rigs and Monitoring Well Materials 

SOP F502 - Decontamination of Sampling and Monitoring Equipment 

SOP A008 - Filing 
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4.0 DATA EVALUATION 

The data from the Phase III investigations (those described herein) will be combined with those from 

the first two phases to provide a unified data base. This information will be used to establish the 

following: 

. Background soil and groundwater conditions as they relate to site data 

. Groundwater flow directions (assist in understanding potential contaminant migration 

Pafiww) 

. The risk to human health, based on site specific sampling results 

. The potential risk to the environment, based on comparison of site sampling results 

to EPA Region III BTAG screening criteria 

. The quality of site groundwater in terms of its ability to be used as a potential source 

of drinking water 

Bach of these is discussed in the sections which follow. 

4.1 Background 

An extensive program of background sampling has been proposed. The intent is to obtain a site- 

specific background, based upon a sufficient number of samples to be statistically significant, that can 

be compared to site data to aid in understanding what apparent contaminants may actually be site 

related. This program is designed to address the inorganic constituents which were found during the 

initial investigatory work. 

The site-specific background data will be combined based on media and depth and an average 

concentration determined for each constituent of concern. Site data will be screened against twice the 

average background and the maximum detection in background. This approach follows recent USEPA 

Region IV guidance (EPA, 1995). 



4.2 Groundwater Flow and Quality 

Groundwater flow directions are important in assessing potential contaminant migration pathways. 

The data from the measurement of groundwater elevations in the existing wells, the Hydropunch@ 

sampling points and the HydropunchQ piezometers will be used to understand groundwater flow. In 

addition, the location of the screen intervals of each well will be compared to groundwater elevations 

to insure they straddle the water table. 

Appropriate piezometric head contour maps will be developed and flow directions will be interpreted. 

As indicated previously, secondary groundwater quality parameters will be analyzed for in a number 

of samples. The results of these analyses will be compared to the USEPA secondary drinking water 

criteria to assess the potential for the uppermost aquifer to be used as a potable water source. No 

program to establish specific capacity, transmisivity or yield is planned. 

4.3 Human Health Risk Assessment (HHRA) 

A HHRA will be performed on the combined data set. Two important differences will be obvious in 

the assessment as compared to the original one performed for the draft RF1 SWMU 9 report (which 

presented the results of Phase I and II investigations) (Baker, 1998). 

First, the intent is to perform separate HHRAs for each area (ie. Area “A”, “B” and “C”). The widely 

separated nature of these sites indicate that they would not be remediated together (that is, the timing 

might be the same but each site would have to be treated as a separate entity), nor does each present 

similar risks. This approach will allow a better understanding to be attained of the risk posed by each 

site within SWMU 9 boundaries. 

Second, USEPA guidance calls for all constituents that exceed criteria to be evaluated in the HHRA 

regardless of their concentration in the background. This will be done in accordance with guidance; 

however, a section will be added to the HI-IRA which compares constituent concentrations that drive 

unacceptable risk in site samples to the background database to qualitatively assess whether similar 

risks are posed by background conditions. 
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4.4 Ecological Risk Screening 

Potential ecological impacts due to possible contaminants released at this SWMU have not been 

investigated. This work plan proposes an ecological risk screening for each site to assess the likelihood 

that adverse ecological effects would occur or are occurring as a result of receptor exposure to 

contaminated media. 

Because no previous ecological investigations have occurred in this area and there are no indications 

of ecological distress, it is proposed that an ecological screening for terrestrial and aquatic receptors 

on or adjacent to SWMU 9 be conducted on the site sampling data. Three ecological pathways will 

be evaluated: surface soil, surface water, and sediment. This assessment will be conducted on new and 

existing surface soil data collected from the SWMU and surface water and sediment data to be 

collected in the mangrove area adjacent to the SWMU as described in previous sections. 

The ecological screening will include the following components: a qualitative identification of the 

habitats potentially impacted by contaminants (based on a literature search); identification of any 

sensitive species expected to inhabit this area; a screening of media concentrations against Region III 

BTAG screening levels; establishment of ecological toxicological profiles for the primary contaminants 

of concern identified in the screening; a comparison of media concentrations to acceptable background 

data; and a risk management decision of the ecological screening to determine if further ecological 

investigation is warranted. 

The risk screening methodologies will be guided by the Ecolo&al Risk Assessment Guidance for 

Super-fund: Process for Designing and Conducting Ecological Risk Assessments (USEPA, 1998) and 

the Tri-Service Procedural Guidelines for Ecological Risk Assessment (U.S. Army Edgewood 

Research et al., 1996). 

The ecological risk screening will contain the following sections: 

. Selection of ecological contaminants of concern 

. Exposure assessment 

. Toxicity assessment 



. Risk characterization 

. Uncertainty analysis 

A brief description of these sections is provided below: 

Selection of Ecological Contaminants of Concern 

Ecological contaminants of concern will be selected by screening surface soil, surface water, and 

sediment concentrations against screening levels established by the USEPA Region III Biological 

Technical Assistance Group (BTAG). These screening levels are provided in Appendix B of this work 

plan. Where BTAG screening levels are not available, the constituent will be qualitatively screened 

against other published criteria if available. The contaminants and media of concern identified in this 

selection process will be carried through the risk evaluation. 

Exuosure Assessment 

This step of the ecological evaluation will include an estimation of contaminant levels and the 

biological receptors potentially exposed to the contaminants. For this exposure assessment, hazard 

quotient values will be calculated using the maximum concentrations detected in the media sampled 

for the ecological investigations. 

Toxicitv Assessment 

Ecological toxicological profiles will be formulated for the contaminants of concern identified for each 

pathway. This toxicity assessment will provide information on the types and potential impacts to the 

habitat of the contaminants detected in the surface soil, surface water, and sediment. 

Risk Characterization 

Risk characterization is the final phase of the ecological study and integrates the results of the 

exposure and toxic assessments. The likelihood of adverse effects occurring as a result of exposure 

to a stressor will be evaluated. The values from the soil, sediment, and groundwater will initially be 

assessed for ecological effect without comparison to background. A second comparison will be made 
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using the site-specific background. In this comparison, only the constituents which do not occur 
,aq naturally will be used to assess risk to the environment. 

Uncertaintv Analysis 

This proposed ecological risk screening is subject to a wide variety of uncertainties which are inherent 

to the process as established in the guidance. Every step of this screening process involves numerous 

assumptions that contribute to the total uncertainty in the ultimate evaluation of risk. The uncertainty 

analysis will attempt to address the factors that affect the results of the ecological risk screening. 

a 



5.0 REPORTING 

The Phase III investigations will be included in a revised draft RF1 report. This report will contain a 

description of the field investigations performed, the results of the sampling and analysis, and 

evaluations ofthe Phase I, II and III combined data. The data will be displayed on appropriate graphs 

and maps (eg. isopleths of concentration, potentiometric surface maps). 

Conclusions and recommendations for further work (if deemed necessary) will be provided in the 

report by area. At this juncture the need (or lack, thereof) for a formal CMS will be established. 

mote: the need for additional, permanent, monitoring wells at any of the areas will be addressed 

during the CMS process.] The recommendations will be based on the conclusions which will, in turn, 

be based on the interpretation of the data, the ecological risk screening and the HHFL%. 

On June 18, 1998, the Navy received a comment letter from USEPA regarding the Draft RF’1 (Baker, 

1998) report for SWMU 9. These comments have been responded to in the cover letter to tbis 

workplan. Many of the editorial type changes in the original draft document have been deferred to the 

revised draft. 
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6.0 SCHEDULE 

The work elements described in this plan are not at this time scheduled. No funds are available for 

these tasks in fiscal year (FY) 98. It is expected that &nds will be available in FY99 to implement the 

additional investigations and finalizing the RF1 for SWMU 9. As soon as funding is obtained, a 

schedule for conducting the work will be prepared and submitted to USEPA for their review and 

concurrence. 
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TABLE 3-l 

SAMPLING AND ANALYSIS SUMMARY 
SWMU 9 - PHASE III INVESTIGATIONS 

1 Water Analytics Number of Samples Solids Analytics 
Number of 
Sampling 
Locations 

Investigation Area 
Surface Subsurface 
;oil/Sed. Soil 

vocs 3TEX I-PH woes svocs sroundwater 
Quality 

3roumU 
Surface 
Water 

5 

Metals vocs BTEX Metals 

5 5 5 5 

3 
3 

10 
3 

5 

Area A 
IVeIl 13GWO2 Area 

Initial 
Provisional 

IVeIl YGli’O2R Area 
Initial 
Provisional 

Area B 
IFell 13GFVO5 Area 

Initial 
Provisional 

Well 1361VO6, YTPO2, d 
Disposal Pit Area 

Initial 
Provisional 

3 
3 

10 
3 

10 
3 

10 
3 

2 2 2 

Area C 
3 I 1 1 

r 
Investigation 

7 7 7 7 7 7 7 7 

6 6 6 
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natural environmental conditions. 
Relatively little is known about the first two types of soil mineral fixation 

reactions discussed above. However, these are not considered to be exten- 
sively occurring reactions. On the other hand, the fixation of elements via 
incorporation into the structure of soil minerals during mineral precipitation 
is an extremely important reaction. This chapter will focus on the types and 
amounts of elements found in soil, how these elements are fixed into mineral 
structures, and how some remedial actions have utilized element fixation. 

ELEMENT CONCENTRATIONS IN SOIL 

Eleven of the elements listed in Table 3. I, along with carbon, hydrogen, 
and oxygen, constitute over 99 percent of the total elemental content of soil: 
Al, Ca, Fe, K, Mg, Mn, Na, P, S, Si, and Ti. The remaining one percent 
is comprised of elements known commonly as the “trace elements.” The word 
“trace” identifies the fact that they occur in soil in minute amounts; it has 
no bearing or relationship to any concentration limit protecting human health 
or biota. 

Table 3.1 lists the mean concentrations, typical ranges, and observed limits 
of several elements in natural soil (i.e. background concentrations). The total 
concentration of any element, C.l.oX.,, in a soil is equal to: 

cTo,al = CFircd + CAd~orbed + ’ W8lCl (3.1) 
where: 

Cl.ircd = concentration of fixed element comprising part of 
the structure of clay and soil minerals, in mg ele- 
ment/kg soil. 

C 
Adsorbed = concentration of element adsorbed onto the surface 

of soil minerals and onto organic matter exchange 
sites, in mg element/kg soil. 

C Wa1cr = concentration of element in soil water or ground- 
water in equilibrium with CAd,urbcd, in mg soluble 
element/kg soil. (See Table 3.2 for natural bacK- 
ground levels found in groundwater). . 

C bL4.d represents the “immobile” fraction of Cl.U,l,. The sum of CIAd,orbed and 
CWIlcr repreren!s !!I e pG!eIlti~i!!y iii0bilC 1poriior~ Oi‘ CIrolr,; 

cussed in derail in the next chapter. 
these will be dis- , 

There are four important facts that should be understood concerning the 
data listed in Table 3.1, the parameters listed in Equation 3.1, and the inter- 
relalionships of these paramcrrrs. First, C.,.a, should not be expected to be 
uniform with depth. Natural processes involved in the distribution of ele- 
ments in the soil profile include: 

‘~A1II.E 3.1 Native Soil Concentralions of Various ~.~~-/ents 

Eletnenf 

Conceniralion (ppm) 

Typical Extreme 

Rattge fig/ g& Limirs 

-2 AK 
Al 

-----+As 
B 

Ba 

Be 
Br 
Ca 

4Cd 
Ce 
CI 
co 
Cr 
cs 
Cl1 
1: 
Fe 
Ga 
Ge 

---+1iK 
I 
K 
La 
Li 

MI! 
Mn 

MO 

Na 

Ni 

P 

I’b 

Ka 

Rb 

-sit 

SC 

->l‘h 
‘l-i 
II 

V 

Y 

%I1 

%r 

0.1 - 5.0 

10,000 - 3OO,oOO 

I.0 - 40 

2.0 - 130 

loo - 3500 

0.1 - 40 

1.0 - 10 

loo - 4OO,ooo 

0.01 - 7.0 

30 - 50 

IO - 100 

I .o - 40 

5.0 - 3000 

0.3 - 25 

2.0 _ loo 

30 - 300 

7,000 - 550,000 

0.4 - 3OO 

I.0 - 50 

0.01 _ 0.08 

0.1 _ 40 

400 _ 30,000 

I.0 - so00 

7.0 - 200 

600 - 6ooO 

loo-4000 

0.2 - 5.0 

750 - 7500 

5.0 - loo0 

50-5ooO 

2.0 _ 200 
10 -6.5 _ IO-J.7 

20 - 600 

30 - lO,OOO 

0.6 IO 

IO - 25 

0. I - 2.0 

230,0(X) - 350,000 

2.0 - 200 

50 - IO(X) 

0.1 - I2 

i(;(x) _ i() ()o() 

0.9 9.0 

20 - 500 

IO - 500 

IO 300 

60 2(Xx) 

0.1 - so 
- 

0.i - 500 

0.1 - 3OOO 

IO - 10,ooo 

0.1 - loo 
- 

- 

0.01 - 45 
- 

- 

0.01 - ml 

0.5 _ 10,ooo 
- 

0.1 - l4,Ow 
- 

- 

- 

- 

- 

- 

- 

- 

1.0 - 3ooo 
- 

I .o - 70,OOO 

0.1 - 400 

400 - 30,OOO 

0.8 - 6200 
- 

0.1 - 3000 
- 

3.0 - 3000 
- 

- 
- 

0.01 - 400 
- 

0.1 . 700 

IO 5wo 
- 

400 _ > :o,ooo 

< 250 

1.0 - iota 
- 

3.0 - 10,000 

IO-8ooO 

a Based on an Analysis of Data Presenred in References I ,2,3,4,5, and 6. 
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l Leaching of mobilized elements such as calcium, boron, lithium, iron, mag- 
nesium, manganese, selenium, or sodium (a) out of the soil profile, or 
(b) into zones of accumulation. 

l Translocation, in the course of soil-forming processes such as podzoliza- 
tion, of trace elements together with iron and aluminum. 

l Mobilization of trace elements through breakdown of soil minerals as a 
result of alternate wetting and drying. 

l Mechanical translocation of clay, which increases trace element concen- 
trations in those soil horizons having higher amounts of clay particles. 

l Surface accumulation of relatively soluble elements such as boron, cal- 
cium, and sodium in arid regions. 

. Mobilization or fixation arising from chemical and/or microbiological 
acrivity. 

l Surface enrichment due to trace element uptake by plants. 

Second, analytical data derived from the chemical analysis of the total 
element content of a soil (i.e. CTo,.J relays no information regarding C,:iXed, 
C 

Ad,ort,d’ and cWalc, other than the magnitude of their combined concen- 
trations. In other words, if a laboratory report states that a soil contains 
125 ppm total Cu, this datum cannot reveal if 0.1 percent is potentially mobile 

(i’e* CAdrorbd + CWarcr) or if 99 percent is potentially mobile. At background 
concentrations, the relative magnitudes of the parameters listed in Equa- 
tion 3.1 for cations generally are: 

‘Fixed ’ ’ CAdrorbcd ’ ’ WtllC’ 

The greater part of C.,,, exists as Ct:,icd and is immobile. However, this rela- 
tive ranking may or may not change as C.roln, increases above the back- 
ground concentration. 

Third, the background concentrations listed in Table 3.1 represent the total 
concentration of an element present after the soil was formed and weathered. 
This concentration gives no information on the element-loading capacity of 
a soil. The element-loading capacity can be defined as the maximum amount 
of an element that can be added to soil which does not cause water migrating 
through this soil to contain a harmful concentration of that element. In other 
words, knowing that a soil contains 125 ppm total background Cu will not 
reveal if soil will or will not completely convert an additional loading of 
500 ppm Cu into CFircd. 

Soil clearii- ‘.* L p standards ihai specify ihe excavation or treatment of soil con- 
taining concentrations of an element over a background concentration are. 
usually based on an incorrect premise that the background concentration of 
an element in soil represents a maximum concentration of an element which 
the soil can immobilize. The background concentration represents the total 
concentration present after the soil was formed and undergone some degree 

Ti 

Ca 

Cl 

I: 

Fe 

K 

MK 

Na 

NOI 
SiO, 

so4 

S’ 

- Major Elemenk (ppm) - 

I.0 - ISOb 95,oooc 

< 5w 

I.0 7Ob 2oo.ow 

< low 
0.1 - 5.0 70 

16ooc 

0.01 - 10 > 1oooc.c 

I.0 - IO 25,ow 

I .o Sob 52,oow 

< 4w 

0.5 _ l2Ob IZO,GC@ 

< lcow 

0.2 - 20 70 

5.0 - loo 4.oooc 

3.0 - ISOb 200,ow 

< 2cw 

0.1 - 4.0 SO 

- Trace Elemems (ppb) - 

< 5.0 

< 5.0 . loo0 

< I.0 - 30 4.ooo 

20.loo0 5.~ 

IO-500 

< l&l-2wo 

< 10 

< 20 

c I.0 

< 10 

< I.0 - 5.0 

< 1.0 - 30 

c 2.0 

< 20 . 50 

< I.0 

< 1.0.loo0 48,OW 

I.0 - I50 

c I.O-loo0 lO,cos 

< I.0 . 30 llJ.ooO 

< IO-50 

< 100~ loo0 

< IS 

< 0.1 - 4.0’ 72oC. ’ 

< I.0 

< 1.0-10 

< 2ou 

< 1.0-150 

1 based on an analysis of data presented in references 7,8, sod 9. 

b in r&lively humid rrgions. 

c in brine. 
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I’owdcr River is derived from many stre;ml sources. 
and excess molybdenum that any one stream may 
contribute is largely diluted. 

Magnesium. Studies of magnesium conccnlration in 
grasses reveal how glaciers, overriding bedrock. in- 
flucncc glacial drift and the soils formed on it. Thcrc 
ih appreciably more magnesium in grasses from ~hc 
glacial drift plains in Wisconsin than in similai 
“r’isscs from the drift plains in Michigan. The soils in z * 
the two states are morphologicaliy and gcnctically the 
same, and differ principally in the untlcrlying lin1c- 
stone bedrock that the glaciers ovcrrotlc. Dolomite is 
a magnesium-rich limestone that undcrlics arcas in 
Wisconsin but not Michigan. The southerly movc- 

mcnt of the glaciers has expanded the inllucncc of the 
dolomitic rock into parts of Illinois and Iowa. 

Grass tctany is a nutritional deficiency discasc due 
to low magnesium in forage plants. Grasses with 
0.2% magnesium or more protect cattle from grass 
tetany. The disease is virtually absent in Wisconsin 
but quite prevalent in Michigan. 

Pregnant cows and cows with nursing calves arc 
most susceptible to grass tetany. Older cows in the 
fourth or fifth pregnancy are more susceptible than 
younger ones. Knowing the geographic areas whcl-c 
cows may graze low-magnesium forage is important 
so that animal losses can be minimized, especially in 
springtime when the incidence of grass tetany is high- 
est. Cool-season grasses are often the first fresh for- 
age available to cattle in spring. If  the growing tem- 
perature during this period is warm, grasses tend to 
have more magnesium. However, soils formed in do- 
lomitic till tend to overcome effects of cool tempera- 
ture and grow grasses with magnesium adequate for 
animals. In the West, grasses growing on soils 
formed in or influenced by volcanic ash generally 
have small amounts of magnesium and respond only 
weakly to warm growing temperatures. In these soils, 
the grasses have 0.15% or less of magnesium. 

Selenium. Other mineral elements are associated 
with soil-related nutritional problems in animals as a 
result of soil parent material interacting with soils. 
The best-known disease is selenium toxicity, or selc- 
nosis. In parts of the Rocky Mountain and the Great 
Plains states where calcareous soils are formed in se- 
leniferous rocks, or in materials derived from them, 
the incidence of selenosis in grazing animals is high. 
Acute cases occur where selenium accumulator plants 
such as Astragalus bisulcatus or Stanlyea pirmata 
grow. These plants may have a selenium level ot 
IO00 ppm or more, often greatly exceeding the level 

” in the soil. Selenium-rich rocks occur in Hawaii and 
Puerto Rico, but selenosis is not a nutritional problem 
there. Sclcnium is appreciably less available to plants 
growing on acid soils, and the plants do not accumu- 

I; 

late levels toxic to animals. Because of the differ- 
ences in plant response, ~m&&$l area&, 
jn..Haw;-i and Puerto Rjco are identified as nonto.xj.$-._ ..- ----” ___..__._.- ---___ _.,, ,“,_^... __._ ,.i.. ~ - 
sclerj,ifecQus-soils. . 1,. 

C&a/f. Areas of cobalt deficiency in cattle in the 
eastern United States also result from the combined 
effect of soil parent materials and the soils them- 
sclvcs. The area between the Merrimac River in New 
tlampshirc and the Snco River in Maine is low in 
cobalt, because only small ;~mo~~nts wcrc contributed 
to the glacial drift by the White Mountain granites. 
The l,owcr Atlantic Coastal Plain is the other broad 
arca of low-cobalt soils. -rhc coastal plain tlcposits in 
which soils formed arc materials that alrcatly had un- 
dcrgonc a cycle of wcathcring in Ihc uplds. In both 

the Northcast and the Southcast, lcaching Iosscs (,l 
cobalt below rooting depths o! common plants occII1 
with the dcvclopmcnt of Spodosols that form ill I!:,, 
sa~ltly tlcposits. Forage plants and native go;:+,. 
grown on soils in both areas have 0.04 to 0.07 pl),,i 
or less of cobalt, well in the deficiency range recog. 
nizcd for animals. 

Joe Kubota 
Bibliography. 14. Bohn cl al., Soil Chemistry, 1979: 

IJ. Isrcslcr cl al., Salir2e arid Sodic Soils, 1982; W. lt 
Chappcll and K Kellogg (cds.), Molybt/erlrr,n j,) //>(. 
/%\.i/ ouI)Icut. 1977; B. E. Davies (cd.), Applied so,/ 
7‘rtrc.c /:‘/~~~I~vxs, 1980; D. J. Greenland and M. 1-1, ;i 
Ilaycs (ctls.). The Chemistry of Soil Cor~.ui:t~,-;. . . . 
197s: I>. ii. Greenland and M. H. B. Hayes (,.,, ,. 
The Clrenlistfy 01‘ Soil Processes, I98 I; W. L. Lij,,; 
say, Chrruiczl Equilibria in Soils, 1979; G. Spobito. 
T/IL’ Surface Chemistry of Soils, 1984; G. Sposittr. 
The T~ler~,f0rl~llarnicss of Soif Sohtkms, 1981; F. J. 

Stcvensen, I-lwnrts Chemistry, 1982; W. Stumm a11t1 

J. J. Morgan, Aquatic Chemistry, 1981; B. K. (;. 
Theng (ed.), Soils with Variable Charge, 1980: I. 
Thornton (cd.), Applied Environmerztal Geocher,li.\- 
try, 1983. 

Sphalerite 
wx- 

A mineral, P-ZnS. also called blende. It is the lo\\. 
temperature form and more common polymorph III 
ZnS. PUI-e P-ZnS on heating inverts to wurtzitc‘. 
ol-ZnS, at 1020°C (1868”F), but this temperature c;ll, 
be lowered substantially by impurity-atom solid solu- 
(ion (especially Cd’+ and Fe’+) and sulfur fuga<~it! 
Sphalcritc crystallizes in the hexteirahedral cl;~tc. I/! 
the isometric system with a structure similar to :!; : 
diamond. The space group is F43m, and the ::I;:~: 
unit cell has an edge a = 0.543 nanometer, M!liil: 
contains four ZnS molecules. Zinc atoms occupy 01~. 
positions of half the carbon atoms of diamond, an<1 
sulfur atoms occupy the other half. Each zinc atom I\ 
bonded to four sulfur atoms, and each sulfur atom ix 
bonded to four zinc atoms. The common cr)>t:ll 
forms of sphalerite are the tetrahedron, dodecahedr[ln. 
and cube, but crystals are frequently complex ;~lli! 
twinned (see illus.). The mineral is most comml”ll’- 
in coarse to tine, granular, cleavable masses. Th:. ! 
ter is resinous to submetallic; the color is white .s:v:~ 
pure, but is commonly yellow, brown, or black, &I: L 
cning with increased percentage of iron. It has bccl’ 
shown that excess sulfur can also contribute to tl)C 
darkening 01‘ the color. There is perfect dodecahcdr~li 

(a) (b) 
Sphalerite. (a) Crystals in limestone from Joplin, Missouri 
(Specimen from Department of Geology, Bryn Maw 

College). (b) Crystal habit (after C. S. Hurlbut, Jr., D.w’a‘s 
Manual of Mineralogy. 7 7fh ed., John Wiley and Son!; 
1959) 
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Table 1. Average percentages of the major and some micro elements In subsurface soil clays and crustal rocks 

Crustal 

Soil order: Alfisol lnceptisol Mollisol Oxisol Spodosol Ulllsol rocks 
_-* 

Silicon (Si) I’ “’ 19.20 
1 

/n 24.69 23.01 12.43 5.79 16.02 2772 ‘? 

Aluminum (fil);$ .:,+ z12.38 
* G 

19161 10.29 19.33 15.86 ~ 17.49 8.13 
Iron (Fe) ,a. ..~.~,~~~~,~~,,~I’ 8.04 6.63 

-)j 
3.81 10.83 3.29 : Ii.96 5.00 ‘., 

Calcium (@I) e;:?@& ::i;.. ‘0.69 0.00 3.59 0.10 0.29 0.15 3.63 : ,“a\ ., 
Magne&$ (IJg).‘iw ,‘;* :’ 1.26 0.40 1.62 0.46 0.15 0.08 

Sodium (!a)” S:;:&: ‘,0.18 
2.09 ; 

2.52 0.04 0.00 0.27 0.06 2.83 
Potassium (K) ‘~z;~~:.!*?~ “. 3.63 n.d. 1.20 0.07 0.40 0.22 2.59 
Titanium (J7),‘~&$@$ :.0.40 
Manganek (Mn)i::>:;:~:;i : ̂: 0.06 

0.26 0.44 1.32 0.16’ 0.50 0.44 
n.d. 0.06 0.08 0.06 0.05 0.10 

Phosphor&(P): ‘Y?“,“., 0.14 n.d. 0.14 0.27 0.17 0.12 0.11 : 
‘):  ̂

.Ga Iminosilicates that are characterized by variable 
jniposition and a defect-riddled kaolinite structure 

containing Al in both tetrahedral and octahedral co- 

ordination. The significant crystalline nlumi~iosilicatcs 
possess a layer structure; they are chlorite. halloysite. 
kaolinite, montmorillonite (smectite). and vermicu- 
lite. These clay minerals are identified in soil by 

means of the characteristic x-ray diffraction patterns 
thcv produce after certain pretrcatmcnts. although 
their positive identification may be diflicult it‘ IWO or 

more of the minerals are present at once. S/X C/,1>. 
,\ll.h.l’R:! LS 

.rA 

they arc inherited from parent rock or arc produced 

hy chemical weathering, respcclivcly. 
Primary minerals in soil. The bulk of the primary 

minerals that occur in soil are found in the silicate 
minerals, such as the olivincs, garnets. pyroxcncs. 
:unphiboles, micas, feldspars. and quaflz. The fcld- 

;p)iirs, micas, amphiboles, and pyroxcnes commonly 
arc hosts for trace elements that may be rclcnsed 
slowly into the soil solution as wcathcring of thcsc 

minerals continues. Chemical wenthcring of‘ ~hc sili- 
cate minerals is responsible for producing the nwst 
important secondary minerals in soil. The general 
scheme of the weathering sequence is shown in i’ig. 

1. SI.E SILICATE MINERALS. 

Secondary minerals in soil. The important secondary 
minerals that occur in soil are found in the clay i’rac- 
tion. These include aluminum and iron hydrous ox- 
ides (sometimes in the form of coatings on other min- 

erals). carbonates, and aluminosilicates. The term 
lophane is applied to x-ray amorphous. hydrous 

The distribution of secondary minerals varies 
among different soils and changes with depth below 

Table 2. Average amounts of trace elements commonly 
found in solls and crustal rocks 

Trace element Soil, mglkg 
Crustal rocks, 

wk3 

Arsenic (As) 
Boron (B) 

-7Cadmium (Cd) 
Columbium (Co) 
Chromium (Cr) 
Copper (Cu) . 
Molybdenum (MO) 
Nickel (Ni) 
Lead (Pb) 

- ->Selenium (Se) 
,=@-+anadium (V) 

‘lint (Zn) 

6 1.8 
10 10 

0.06 0.2 
6 25 

100 100 
20 55 

2 1.5 
40 75 

10 13 
0.2 0.05 

100 135 
50 70 

the surface of a given soil. Howcvcr. under a lcach- 
ing. well-oxidized cnvironnient. soil minerals do pos- 

sess a diffcrcntial susceptibility to decomposition, 
tra~isli)rmation, and disappearance from a soil profile. 
This has made possible the arrangement of the clay- 
sixcd soil niincrals in the order of increasing rcsis- 

tnncc to chemical weathering. Those minerals ranked 
near the top of the following list arc prcscnt. therc- 
I’orc. in the clay fractions of slightly weathered soils; 
those minerals near the bottom of the list predominate 

in cxtcnsiveiy weathered soils. 

Wcwliwritlg CicqsixI 
itrtk.u miucr-rrls 

I Gypsum, halite 

2 Calcite. apatite 
-3 Olivinc, pyroxenc 
4 Biotite, rnafic chlorirc 

5 Albite, microcline 

6 Quartz 

7 Muscovite, illite, sericitc 
8 Vermiculite 
9 Montmorillonite, Al-chlorite 

IO Kaolinite, allophane 
II Gibbsite, boehmite 
I2 Hematite, goethite 
I3 Anatase, rutilc. zircon 

III zona1 soils of humicl-cool to subhuiilid-tclnpcratc 
rcsions. illitc is the predominant clay mineral. Mix- 
turcs of kaolinite, vermiculite, and interstratified clay 
minerals arc found in humid-tcmpcrate regions. In 

hunlid-warm regions, kaolinite, halloysite. allophane. 
gibbsitc. and gocthitc are found. The mineralogical 
composition 01’ the highly weathered and leached soils 
01. the humid tropics is a subject of active invcstiga- 
lion. in part because these soils (the Oxisols and UI- 

tisols) ccm.stitutc approxiniatcly one-third of the 
\vorld’s potentially arable land. The soil minerals arc 
tlominatcd by iron and aluminum hydrous oxides. La- 

oliiiitc. halloysitc, and quartz. Wcathcring rc5idue.s 
aIs;0 arc ti)untl in lhin coatings on clay particli‘ sur- 
f;ic~!s. Vcrnliculitc and monlinorilloriitc with inter- 
I;IVCI~ Al hydi-oxy p~~Iy~~~cl-s arc con~nlon. 
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UNlTED STATES ENVIRONn;nENTAL PROTECTION AGENCY 
REGION III 

841, Chestnut Building 
Phlladelphla, Pennsylvanla .1’9107 

. 

SUBJECT: Revised Region DATE: 8-8-95 ’ 
Levels 1 ,. 

‘FROM: Robert S. '. 
Technical Support Section 

TO: . Users 

Attached is a revised,version of the screening tables initiated 
I last year. It is changed substantially- for several .co,ntaminants .I 

and-also now includes.citations.placing it on sounder '.ground.than ,- 
'While it is. still very conservative, it can,*&rve as a.. 

R' .~~f~~efor risk assessments .and.can also find use' in'discussions' . . 
during scoping for the RI/F’S process. : 

. 

If you have any questions., piease feel free to'contact.me. -7. +. 
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? ,' 
SUGGESTED USE OF THESE TABLES : 1. !, 'f. 

,A 
A 

. . . \ 

- .  

4 _” 

4 

,,/““\ 

I 
The objective of the attached tables is to provide a.’ .!.:. p 

set of conservative guidelines for the,evaluation of :':. ._ 1: 
sampling data at Superfund sites. They should be.used in :, .:.', g 
developing screening level risk assessments in cases where ; . 'I~' ;+ 
insufficient information has been gathered to warrant a more. 5.. 
rigorous assessment. 

: ti. 
The more .rigorous assessment can be'..:. L '..'I 3 

carried Out when an'appropriate.guantity and guality,of data 
have been collected. 

, & 
.*,; ..::'. j. 

The numbers in the tables. are based upon the lowest 
2:: 

: .j 
value from a combination of sourdes.considered'to be pro- 

*c. $ 
: I;. .,_ 5 

tective of the most sensitive organism. in a medium. .The *'- -: 
sources are.peer reviewed literature, regulatory agency . . ., .' 

:ix 
.,,. ; 

criteria, 
::.$? 

Eisler, R. 
and technical experts from federal agencies (e..g. i _;. '.'..:.- .$ 

ttContaminant Hazard -Reviews", FWS) . -The media 
are the basic units of the habitat and are considered 
fundamental to‘the well-being .of,athe -endemic ecological 
populations. ': 

. 
Often .too little -data are. gathered'at Superfund..sites$' ::.;:l..i.::'- 

to determine a potential for risk to.'endemic populations ~at-+-~5??~.~: 
a given site,.' as 

'terization. 
identified. through. the ecological charac-'. ..' .. ":1.;.+.: 

In .the absence o'f this, the .risk assessor can * :: '...,-+.. 
decide to use either'models,and extrapolations from the:. 
literature or a Site-specific.and conservative Irisk ass&s-. -. 

'merit. These tables.are meant to:serve as. a basis:for the' : .-. .:7.~'. 8 
- latter. .. The use .of models. and .extrapolation 'is .not 'encou- i.>,:-. i,.;.:, -k 

raged 'due to .limitations.,of 'assumptions and .on-site veri-..:' ..;i.'y:;.. -,i 
fication and validation. > .- '. \ ., :s 

.T+ 
-Characterization of the media,should provide-sufficierit-"~':;~-.~ 

.information for .use by the risk assessor in developing the, :'t;: x.;.?,$ 
.assessment. For. example, at. a site' that is paved or other-.r,..- : :. ';:':::, ,'-;I 

wise covered and. where. soil. samples show .a high' potential ';.-.'r:- ,II? .K.?:>:. I 
for risk, the risk,,assessor's judgement should play the..:..-:'.~~:i.~~,:. :.T: i$ 
major role. In such a case (describ&d in : the risk asses's-:.,,~~~~-,l.'~~~~,~~~~. 

.ment site conceptual model), 
contamination -is likely to 

-it,. wquld be assumed: that thg+ 'i :s:<;,?' ;;i:i:,; 
be -isolated from the --ecdlogitiql-: .:?.,:::, .'..ii::; .:. 

receptors.' It would ,be obvious that. the potential 'for‘risk -? ."L .$ 
is strongly mitigated'by site conditions; I. '. .i, 

i 
Another case may be' in ajteas of high'clay of the north4 ,". .f 

.eastern US where aluminum, iron, and magnesium are generally 1,. ' ; 
found at.rather high levels. Aluminum 'may be at injurious.;:.':, .. G 
levels,. according to the 'tables. -Where these three metals .'i- .,:-,-.ri 
are identified, the risk assessor can often use his judge=: ":. 
ment and eliminate them from cons'ideration in the assess-:- ,;',:.' : 

_ ;5 
.; 

ment. In this case, aluminum would be regarded as an"ar%f'. .:-. ... .i 
fact of‘soil. . : 

On the other hand, aluminum could still be a contami- : ; 

M 
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nant of. concernif it,is released from soils as.a6result of 
physical disturbance or chemical contamination. For- 
example, a spill of highly concentrated acid could concei- 
vably cause the soil to release high quantities of aluminum. 
In such cases, aluminum mayL in the judgement of the risk 
assessor, be a contaminant ,of concern. 

In sum, site-specific information and conditions may 
risk - vary, dictating adjustment of the criteria used in the 

assessment, but the values, in the table czinbe.used as 
starting point for.any ecological risk assessment. 
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(~8 nlua in ppb. , 

Contaminant ~~~.Ac@at& ,. . s&l Sediment BCF 
’ data for Effects Range-Low, 

_ Marine Fresh unless othewise noted 

Flora ’ Fauna Floia Fauna Flora Fauna Flora Fauna 

NORGANICS 

rluminum 

knmonia 

alimony 

‘460.0 (pH, 2.5.0 (pH)*’ 1000.0’ 
a)” ((“I 

39.0 (a) 17.0 (c) ‘17.0 (c) 

5OO.O(p,c)’ 30.0 (p,cjs 480.0 150,o’nl 

GWY 

Lr-senic (total) 

Ar+) 

‘. 
,874.0 (c)’ 328 ppm’ 8,W0.09 

A9.6 (c) 36.0 (c)‘O -190.0 (F)” 57.0 3(l)‘; 4(F) 

WT)‘r 

Ar+s 

larium 

Seryllium 

3OlDI-i 

Cadmium 

Chromium (total) 

Cr+3 

a+’ 4 ‘r, 

kbalt 

kpper 

aanide 

13.0 (c) ! :_’ ‘10’3 48.0 (a)” wj: 3(F)’ 

17,OOO(PI)’ 
8 . .._ l~,OOO.O (a) 44qMO.O’J 

. 900(1)‘;8(F)’ 
r 

’ ‘i5ml6 5.3 (h,c)‘17 20.0 (pH)’ 19(F)‘; lOO(I,PI) 

12,tJoo.0 75,000.0 53,000.0 (c) 0.5 4(Pl)‘; 198(F)’ 
. 

(aYe (PI-I, c$ .’ 

9.3. (h,c)‘19 1.1 (h,c)’ 053 (h,c)*M ~2,500.0*’ 5.1 mg/kg 12oO.op lO,ooo(I>‘; 4*900(F)’ 

., . 2o.ou 7.5” 5.0s 260.0 l,OOO,OOO(l)‘; 1,OOqPI)’ 

wWAW* 

” ’ 10,300.O (a)% 120.0 ih,c)‘” - <81@0.028 192(I)W 

50.0 (cp 2.0 (c) 11.0 (c)” < 81,000.d2 3.4(F)‘; 192.(I)‘” 

35,000.~ 100.0 ppm 200.0 40(F)’ 
(4 (pH)“* . ’ ppm” 

-(as;‘7 
6.5 (c)‘” 15,00d9 34.000.0* 51.20(23.s34’)(Pl)‘: 

w-9’ 

.* lqa)4’ >5.04 t 5.2(C)‘3 

. .’ 
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R&ion III BT’piG 
-.. 

’ 
R 

,. .’ ening I.&els . 
(all valua lo $pb, unleu Oche’rVlre noted) > 

lI!mambmt’, ‘, ‘* Aquatic, ; ,,’ ‘Soil - St&pent 
. Marine , Fresh : , ..: ‘data for Effects Range-h, _ 

unleu other&e noted 

Flora. Faina Flora FiLla Flora Fauna :. Flora Fauna 

BCF 

Qorida 

ran 

zad” 

ktagnaium 

tianganesc 

5000.0 

(3” 

5.1 (pH,,h, 5.6(cjS’ 
‘c). 

” 5700.0 ‘. looo.o” 

(a)* 

320.0 (cl), 3,26O,ooo48 
!m.O(cF) 

12 

wQ49 

significan 
bioaccumulalion i 

now-d in aquatic spcie 

3.2’= (pH; 2,ok& 10.0” ’ . 46,760.k’ 17.5( I)“$ 726(F) 
h c) 

. 
C&44% 
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Endnotes - Inorgan’ics 

1. Green alga, Selenastruti capricomututi; chronic,AWQC are pH dependent .., , 

2. Reference #3, Leino. 

3. Reference #4, OHMTADS. 

4. Reference #5, IRIS. , 

5. Reference #5, IRIS. 

6. Reference #l, NOti , .,’ 

7. Gammarus pseudolimnaeus 
: : 

.’ . 
8. Reference #4, OHMTADS. . I ;r : - . . :- _, : 

‘. ‘. 
9. Reference #2, ER. Long. : , : . 

: ,P 

’ 10, Reference 45, IRIS. : .’ ..y, 
.,,: 1. . 

-:.ll. Reference#5,.IRIS:-. ., ’ . 
_:_ + 

“.‘. 
-. . G-.:4 ,.,.,. _, ,; . ._ .f :..;. ;: . . : -, .,’ x: ..: ,:... _ 

.A, ,12 AE’p &&es for arsenic are 5?,93 and;700 mg/kg (dry &t) &r. &phipods, oys?&s and benthi; kgaksms re+&&e$ _.. ,I i 

‘,‘13.,.&&&~ #+, 0HMTA;DS.J’ ‘,. ::( - : 
8.’ ‘. 

‘., . ._ 14. EC,‘data.for Scenedesmus obliquus: ‘I . . . . ., 
.:, : ‘. 

.. : . 
15;. Reference #I, NOAk: 

16.’ .Reference X4, DHMTADS. : ; i 8 
: 
.__ ‘.17: Reference #$$-.mIS... 

_ ‘. : _ 
, . ‘., ,’ _ ’ .I’ .. ’ : -1 ..: ,,, 8 .’ 

: 
. ~ 18. Coho-salmon;‘Oncorhynchuskisutch :‘I -,, ._ ” .:’ j ~ 1 ..,: .,_ 

. :. 
” 19. Referencc#5, IRIS. :. . . ‘;. 

. .- ,.., 
, _ : .‘. I, ,.-, i. . . 

-: 
20. IX, mortality for Hyalella az&a, scud; ,reference #ld, J3orgnlauu:~ . . 

,21. Referencc#4,OHMTAIX~‘. 

22: Reference #2, ER Long. 

. . :. . 

. . : 
. , 

*  

)  

.  

i_ ,’ .: 

::. “. I 

. . 

. . . . ii. . . :.y. . 

., 
._ i 

‘* 
. . 

> 
i y-” . :  

, .  : :  

I  .(’ .  .  

.  : :  ; .  

: .  :  

I .  

I  : . , : . . .  
.,.,Y 

.’ 

’ 23. ‘Greatest (Cr) toxicity risk to plants is posed in acidic sandy soil with low organic content 
‘. 

24. Gram negative bacteria,:&luding Pseudomonas and Nocardia ., . . . 
,“* 

.f-=-+ 

- 
; 

3 

4 



./“” 
2.5. Tobacco, Nicotiana tabacum ,*s, 

26. Reference #5, IRIS. 

27. Reference #5, IRIS. . 

28. Reference #2, E.R. Long. 

29. Reference #6, USEPA. 

30. Reference #5, IRIS. .. 

31. Reference #5; 1;RIS. 

32 Reference #2, ER. Long: 

33. .Reference #6, USEPA 

c- 
’ 34. 100% mdrtality for Rainbow trout; reference #It, Schweiger. 

35. Refeience #7, Parr. 
. 

, 
. 

-35 ~~.~~by~~oDnaainingl~.ppn~~.~lceding~~be.~cnscil~~~~ 
@ntswith&lt-trarjorsless?han100”~ Aaorservatice~fix~~d,aOOppninthesoilif~,.~,;~ 
the element as well’as to avoid excessive piant uptake. .’ ‘-. . . :,’ ‘. ,. . ‘, 

F-Y - 
:. . “4-, 

37. Pacific oyster (embjo); reference $5,. IRIS. . ’ : 
.’ 

38. EC, for DaDhnia,mapna;’ reference.#5, II&. 1’ ‘. .’ i !, i. . , ‘. : . 

39. Reference’#4, OHIHTADS. : - % I.. 
F .. .,. : :, 

. . 
40.- Reference 62, ER L&g. 

‘. 
..: .- 

.41. value .obtained when iron was added to. the t&j so&ion at. tiqual ciycent~ti&s yAth.coppr -T’. : 
-. ,. .! -. ‘.. 

42 Reference #5i IRIS. .: ” I 
- . . . . 

43. Reference M, Smith, Jr., Lloyd. .. : .- .” ..( l.: ’ ;.*‘,I ’ e , . . . . 

‘44. > 5.0 is lethal to‘ &il amoeba Reference #4, :OHYM?Y&. , .‘. ;:: ;. . . \ -. : 
. 

45. 35% growth red&tion obseived After a 48 hr period’ + .‘, _, _ 

46. 48-hr LC, for rainbow trout, Salmo Pairdneri 
. 

47. Reference Af4, OHMTADS. 

43. Referenti #4, OHMTADS. : 

. 
49.. LD50 for rabbits. 

4 



I 

.b 

.a ~ansprieF,,Imi~elfirs~~pronounccdat~Hmtertanpand~pH,insoft~~,in~~tife-and~ 
lorlg exposure. 

51. Reference #S,..IRIS. 

52. .k~ acute value of 3.5 ug/L tetramethyl lead is tep’orted for rainbow trout Salmo cairdneri. Reference #5, IRIS+ 

53. Reference #5, OHMTADS. 

54. Jap&&e quail show extreme sensitivity;with a significant redbction in both calcium and egg production , 

55. Reference #2, E.R. Long. 

56. Value for marine (freshwater value is 1000) 

57. The %-hour LCH, for rainbow trout in soft water (hardness = j6 mg/L) was 14.5 mg/L 

33 ~,~~~.add,chbdde,dimhed~pq~~~~~ssdimefit~~~~~~all~tcodcity 
: 

59. Reference #5, IRIS. \ 

60. Reference #5, IRIS. 

61. Refgrence #2, E.R. Long. .-.- * 

62’ Reference #5, IRIS. .. 

63. && of 340 ug/L was reported for. d&&weed, Lemna minor. 
/ ,, . 

64. Reference #5, IRIS. 
‘_ 

#’ 

,65. Various fungi (e.g P canesozns, p: rubrum, R arrhkt& ,and T ph& rum) are inhiiited at this ieve\ Referen& #4, OHMTADS. 

66.. Reference #2, ER. Long. :-. 
. 

. 
67.. Reference #5, IRIS. 

( 

68. %-hr..LD, foy~bluegills. Reference #5, IRIS. . .- 
\ 

69. mka~ful effects on fish fry 
. . 

_ 

70. Reference #5, IRIS. 

71. Reference #4, OHMTADS. 

72. Corn 
_ : 

73. Reference #2, ER. Long. 

74. Data for the diatom, Thalassiosira pseudonans, exposed t0 Silver cyanide ’ 

75. Rkference X5, IRIS. 
. . 

. , 
5 



76. Reference #S. IRIS. 

77. Reference #5, IRIS. 

78. Reference #5, IRIS. 

79. Reference #4, OHMTADS. , 

80. Reference #5, IRIS. 

81. Reference #5, IRIS. 

82 Reference #4,, OHMTADS. 
,‘. 

‘_ 

83. Reference #2, E.R. Long. 

84. Alga, Nitlshia SD. 

\- 
-< 

_. .L .  .  

-  

9- 

6 



. ’ 

1. 
2. 

3. 

4. 

5.’ 

6. 
7. 

8. 

9. 

10. 
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contaminant Aquatic soil I 

Mtiriqe ” F&h :, -’ . . 

Flora Fauna Flora Fauni + ‘, Flora Fauna 

CHIBRINATED DIOXINS a PCES;;’ 

1 Sediment 
1 data for Effects Rangc- 

1 Flora ‘1 Fauna 

1,3,7,&TkDD 

‘otychlorinatcd Biphcnyls 
,PCBs) 

rm4ivou~ . 

*. 

0.03 (c)’ 

. 

0.1 (a) 

< o.woO1 (c)’ 

0.014 (c)’ lOO.O(P1) 

10.02 29,200(1 

22.7’ 34O,ooo(I)‘; 270,OcqF-j 

3cnzidinc 

3cnzoic Acid 

3qzyl Almhol 

I-Chldroaniline 

>ibcnzofut-an 

,2-Diphenylhydtazine 

!-Hewtone 

sophorone 

dethyi Ethyl Ketone 

MEK) 

. 
2,500.O (a)? ” 44(F), 456(1 

I 650.0 (AEi)‘8 14(F), ‘~(1 

460 me?’ . . 57.0 (AET)“’ 

29,700.p (a)‘* . 
- 

540.0 @ET)‘” 82(i) 947(t 

270.0 (a)” 

, .’ 42kqIOO.o (i)‘J 

12,900.O (a)16 ’ 117,000.0 ja)i7 ’ . 7v-l 

“3,220,00kO’ia)!9 riyifiunt bicaccumubrion qxcnt 

i 

riethyl lsobutyl Ketone 
MIBK) 

ihiodiglywl 

460,OOO.o (a)20 ‘- 100#00.0* S(alimalcA 

. 

1.1 X ld’ (a) 684,300.O (a+ 

!,4-Dinitrotoluene 

Wobcnxne‘ 

J-Nitrwxtiphcnylamine 

230.0 (cy’ 
. . 

\ U,&O.O (a)% ... 1. 

\ 5,850.O (a)% c.mw 2&Oj~‘j 

:EMI-VOLATILB -. ORGANOHALID~. 

I LIdtin 

. 

I,.3 (a)M 

_._ - 
\. 

3.0 (gj3’ , 
:. ., 

c100.0 
:A’. .*- 

.- .:“,“~ 



. : Region :III’BTA keening Lkvek 
(dl vllw in pp4’unleu Mhcnisc nokd) 

Con&t -Aquatic :. : ,’ ‘.. soa’ &rnent BCF 
‘. 

.Fie;h : . . 
data for Effects Range- 

Marine ., tow, unless &hetwisc 
. . .’ “Olcci 

Flora Fauna . Flora . ” Fauna Flora . . Fauna Flora Fauna 

3mmghlommethanc 6,400 (c)‘* 11,000 (a)” 3.0x104H ‘I(cstimak 

3rotnodichlommelane 6,ti (a)” ’ Il,ioo (a)M 450.0 m&kg” . 1.: 

Ihkrdane 0.004 (c)% 0.0043 (c)‘9 : < 100.0 

I-Chlomnaphthalen~ . 75 (ip _ 620 (c)” * 

)DD 

>dE 

IDT 

,2-Dibmmo-f 
Ihlompmpanc 

Xeldrin 

lndasulfan . 

Indosulfan Alpha- 

Codosulfan Beta- 

hjrin 

lndrin Aldchydc 

o.ty (a)‘2 : 0.6 (a) ‘c100.0 cl6 47,900(I)‘; 6,21O(PI] 

b-v 52,xqF 

14.0 (ai’! l,OSO.O (ajb _' < 100.0 2.246 59,Ocql)‘; 10,OcqPI) 
‘. 81mqF 

5,000.0 (a) 0.001 (c)4’ 5,000.0 (a) 0.001 (c)” . . <100.0’9 . l.S810 1WooO(F)‘; 69o,ooo(l) 
2wqPI) 

.I 
1 l(cslimatcr 

i 

. o.Og19 (cy’ 0.0019 (c)‘2 < 100.0 WqF 

0.008i (c)S> 0.056 (c)” 
. 

.0.0087 (cp q : 0.056 (c)‘~ 

d.oop (i)‘: ‘,: 0.056 $ -’ 

0,:0023 (cy? ,_ :. o.iQz3 (c)6” < loo.0 1@W-? 
.- . . 

:.. . riyiIiwt tbcdmularioo e7qxCIti 

iCpChl0r 
!  

I 0.0036 (cf 0.0038(c)” 

kptachlor Epoxide o.ooi6 (i)” o.@J% (4; < 1oo;o 66,ooo(l)‘; 14,4oo(b7 

wJJ(PI) 

:&ich!orobenz.ene 129.0 (c)65 3.68 (p,c)& ! . ‘. . . 22.0 (AEIJo6’ I,aoujl)‘; I,ZCKJ(l’)’ 

kxakhlombuladiene 32.0 ia,6(1 9.3 (cyy 11.0 (Amp 

lcxachlomcyclohaanc . 0.34 (a)” loo.O:(a)n 1 oo,ow.o” 

lexxhloroqclopcnt.adicnc 7.0 (a)” 5.i (CjS y  
‘. ,:i I‘ 

: . ‘; 
‘. ! 

P 



Contaminant, 

kxachloroclhane 

: Rkgih 1II;B’. ,) Screening Levek 
.' (an ViluA In ppb.~uolar ahcculrc noled) 

&Jlilti~ . ,,,I - ’ &)fi , 

: 
Marine ‘; .y’.“‘i:. ,‘. : ‘F&h ,‘2: J , 

Flora I Fatind ;, ‘. Flora 
I 

: 
,’ Fauna Flora, ’ Fauna 

940.0 (a)?‘ 540.0 (c)~ \ 

kpone * 

indanc 

kthoxychlor 

Air& 

‘cntachloro+zcne 

,2,4,5-Tctra~hlor&cnzene 

bxaphcne 

i.0 ia)” .7.0(a) . Y 

,0.16 (a)? 0.08 (c)~ < 1oo.t 

0.03’ (by’ ,o.b3 (c)t* < 100s 

o.ool;~c~~~ . 0.001 ‘(c)” 
. . 

. . . . , 

129.0 @).” : ‘, .~SO.o’,(~),~ 1oO.C 

q9;o(c)‘” : ” SO.@ (c)88 1oo.c 
. . . 

iOOq2 ‘ic)” o.ObO2 (c)” 
- 

, 
‘ribkmom&hanc . 

,4,6-Trichl&anilinc 

l,000.0(a)9!’ ‘*’ ‘. . . 11,060 iaiR ” 1,147.i mg/kg9’ 

‘l,iOO.b,(a) .., 
.., 

. l,OOO.O (a]” ‘. ’ ‘. 

c 
Sqdimetit 

data for ‘Effects Range- 
Low, unless other&c 

noted 

Flora 1 Fauna 

--I- 

. BCF 

9,75O(b;) 

183(I)'; 1,613(f 

2,2oo(PIj’; ?,58O(F 
71,400(1 

3,400(F 

37.4(Fatimated 

~ihu-vo~4ina :. ~~RGAN~~H~SPI-~+ 
.. . .._ ,. .,. .: :, 

slorpylifoa 

Clalhion 

‘anlhion Mixture 

:EMI-vowrllE - PHEwOLIcs ” 

o.OOsB (i)‘5 ‘, 0.041(q)” 
,.. ‘, 
0.1 (c)” : 0.1 .(c)” I 

I ,0.013 (c)W 
: < 

31.0 (AJZT)“” 

-Chlorophcnol 9760 (a) . ‘. 100.0 

,4-Dichlorophcnol . ;: 365.0 (QiO' loo.0 

,6-Dichlorophenol . I .\ .*.\ 
, 100.0 

,4-Dimcthylphcnpl 2,120.o (Igo* ,1 100.0 29.0 @ET)"" ISI 

I ' '. 
~initropbenoi 4,85O.C!(~)'~ .: " !50.0 (‘j’“’ !Crn.O~ 

1 
I 

. . 

-Methyl Phcbl @&sol] 
I 

.:: ‘. ‘,,.’ _ L ’ .’ 
.: ::. ‘.. 

<. I. : . i0u.g 63.0 (iWj'" 

'. ' I 1'. _ , .: ', . . 
::. . ,' .;. ..; .:..:.. * ,, ',I _. : '$ : .::q: 

.' . . , . ;.;~ “>., . 'i : . . . * : .:- 
- ,Y'; . ,. ._ ,. ., ). f '  .' 8 f  1 . . ., _, y;I!,y 

..,.' , ,:. .~...C, . . . ,;. %... .,,". f  :. . '. ,: _. . ...: 

I: 
. . .., 

. .:,' /. " 
h . value is &pendant o,ilmrdnar;:.:pH -v&L dependant on pH; 

,yk, : ._,. , ,' ,, : . /.. . 1. . . . 
l - ..a.& c-cbrooic; p-pcDpo+cd; ,, F i f,,h; i’. &-&.tc;~., Pi: &art< XS:Appmt F&t ‘Ihrcrhold Y 

. . . ‘; 
\ .( +:;(. . . . . 

. . .’ _s ..* ,. ,, ,. . . .‘. : ‘...’ ‘, :. ,‘C.’ 
2 ._ ., ,, 

.,, :.. 
:,. .’ ’ 

!.’ ., . 
. . ; : 

-, ‘.- .; . . . . ‘<. -..;..<. .; :. * . ).. ,, . : , ..‘. ,.,,‘.‘::.~~~~~~r:“,~.~~~. >.y-;r: . . . .,. +. ,. i. .; .L :&.y. t.,:. 
: 

“p~:.‘.~~y,,.,~ii”,,l,.~.3 r: __.. .., .,. : . . I ;.> &“.’ .:““! . . . . : , .d,.,!; ‘f>r.-r.. .“.;;, .‘;$ “‘.... -. :. *,:.>... ‘.-. _’ . . . I ._ c’.. 



f Re&ion III BTAt ening Levels . 
(aUnlwIipp4unkssqtba&nced) 

Contaminant Aquatic. : , ; soil . sedjlllent BCF 

Fresh ., : * ‘. 
data for Effects Range- 

Marine / Low, unless otherwise 
” IlOICd 

Flora Fauna Flora Fauna Flora Fauna Flora Fauna 

4.Mc;hyl Phenol 100.0 q.0 (AETjlo’ 
~p.Cruol)~ 

4,850.O (a)‘@ 150.0 (c)‘W’ ” 100.0 

Pcntachlorophenol 7.9 (cyl*O 13.0 (pH, c)*ll* 100.0 F 360.0 (AET)‘“~ 

‘. Phenol ‘. S,SCQo(pj”’ ’ .- .’ 79.6 (a)‘l’ 100.0 - 420.0 2I@(PI)‘; 277(I)‘; 1.9(F) 
(AETp 

2,3,4,6-Tcmchlorophenol 100.0 

2,4,5-Trichlorophcnol 

.. - 24,6-Trichlorophenol 

SEMI-VOLAti - PI-rrfwArn :: 

Butyi Bcnzyl Phthalatc 

WW 

Di(2-Ethylhcxyl) Phthalatc 
(DEHP) / 

Diethyi Phthalatc ‘(DEP) 

Dimcthyf Phthatirc (DMP) 

11.0 (p;e)116 63.0 (p,c)‘*’ 100.0 

‘.’ 
- 

\ 
I L 97o;o (cp 100.0 

I 
I I 

3.4 ($19 i ; 3.0 (C)‘.2” 63.0 
.’ . . b--v’ 

y.0 @) ” . 1300.0 36o.oipq~ : : - ,.i ” 
‘-.., . . ‘. + (Amp _I 

3*~,(c)lz4 .- 1: ’ 3.O.(c)‘zI : 200.0 117(F) 
. . @ET)‘” . 

L. 
3.? (c)‘n 316 (cy 71.0 

,. . WV 

Dicxql Phthalalc ‘3.4 (c)‘” d.3 (6)‘” 6,&.0 
,, ,- 1. .-~- 

W=P 

N&yi Phthalatc (DBP) 3.4 (c)‘u ’ 0.3 (ej’” 1,400.o 
. WW33 

s&41-voLMuE - PAHS * t . 
‘. .: . 

Lm Molceular Weight .’ - ~. 

4amtphthcnc 310.0 (c)‘% 1 ‘. pl.0 (c)‘J’ 100.0 .‘. .l6.O’x . 



Aquatic 

M&e, ..; Fresh 

Flora Fauna Flora Fauna Flora Fauna 

tinthraccne 300.0 (a)“’ 0.1 (c)“Z 100.1 

3UOW”C 300.0 (a)lM 430.0 (c) 1oO.C 

Japhthalene .23000(a)‘+ 8 * 1oo;o {c) ’ lOOA 

‘henanthrcnc 4.6 (P,c)‘~ 6.3 (p,c)“9 1oo.t 

Sediment 
data for Effects Range- 
Low, unless otherwise 

noted 

=pg 

19.0” 

240.0’” 

16,800(F)‘; 912(1 

3.O(I,F 

High Molecular Weight 

hue (a) Anthracenc 

iem3 (a) Pyrenc 

Zhrywne. 

Iibcnzo (a,h) Anthracene 

;luoranthcnc 

prcnc 

hzo (b) fluoranthcnc 

Icnu, (k) Fiuoranthene 

km (ghi) Pcrylcne 

hosolc (mixIurc)‘66 

ndcno (1,2,3XD) Fyrenc 

-Mcthylnaphthalcne 

.’ ,8x3 (c) 6.3 (c) loo.0 261.0”’ 134,248(l)‘; 9,2C@(F 

’ 0.21 q/ml (a) : mo.o’~* 430:0*53 930(F)‘; 5,2S8(Pl) 
132,248(1: 

300.0 (a)ls4 100.0 384.0’5s minimal to fmclcntc biovLumdur 
upcad in 4uL-z wpniao 

300.0(a)lM 100.0 63.4157 - 

I~.O~(C)~~~ 3,980.O (a)l” 100.0 6OO.o’* LGcxcamdrljon rrpcFI< 

300.0’(a)‘6t loo.0 6-65.0’** 9wfT 

300.0 (a)‘” 100.0 3,200.o (AET)’ 

300.0 (a)‘& 100.0 

300.0 (p 100.0 670.0 (AET)’ 
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