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Executive Summary 

The Atomic Energy Commission (AEC), the predecessor to the U.S. Department of Energy 

(DOE), utilized Amchitka Island, Alaska as an underground nuclear test site between 1965 and 

1971. Deep drilling operations required large volumes of drilling mud, which is a mixture of 

bentonite, diesel fuel, and other compounds including chrome lignosulfonate. Releases of 

drilling mud into fresh water drainages at the drill sites occurred during the testing period, and a 

considerable amount of the material was left on the island in exposed mud pits after testing was 

completed. The U.S. Department of Energy (DOE) stabilized and capped the remaining drilling 

mud pits on the island during the spring and summer of 200 1. Several stream, lake, and pond 

areas containing historic releases of drilling mud are proposed for no further action, providing 

that these sites do not pose an unacceptable risk to human or ecological receptors. The risk 

assessments were performed on surface water, sediment, and biological data from the following 

surface water bodies: 

Heart Lake 

• Clevenger Creek 

Bridge Creek 

Rainbow Creek 

Cloudberry Creek 

Reed Pond 

Long Shot Pond 

White Alice Creek 

Cannikin Lake 

Unnamed Lake at Site D 

Falls Creek 

Limpet Creek 

Site E Stream 

The human health and ecological risk assessments presented in this report evaluate the possible 

hazards from remaining drilling mud constituents to potentially exposed human and ecological 

receptors. The results are intended to facilitate risk management decisions regarding the mud pit 

release sites. 



Human Health Risk Assessment 

The human health risk assessment was conducted to determine the types and magnitudes of 

exposures to constituents originating from the drill sites on Arnchitka Island and to determine the 

potential carcinogenic risks and non-carcinogenic health hazards posed by the estimated 

exposures, 

The constituents of potential concern (COPCs) for which carcinogenic risks and non- 

carcinogenic health hazards were quantified in the human health risk assessment were identified 

in the Human Health und Ecologicul Risk Assessment Work Plan, Mud Pit Releuse Sites, 

Amchitka Island, Alasku (DOE,  2002). The methods used to identify the COPCs were 

consistent with the methods presented in the Risk Assessment Procedures Manuul (ADEC, 

2000c), and consisted of first reviewing the available analytical database and then comparing 

these data with appropriate screening criteria. 

Based on past land uses and the expected future uses of the island, there are two potentially 

exposed populations at Amchitka: 

U. S. Fish and Wildlife Service (USFWS) workerslresidents and 

Part-time subsistence users. 

The exposure pathways by which USFWS workers could come in contact with site-related 

contaminants are the following: 

ingestion of fish; 

direct contact with surface water; and 

direct contact with sediment. 

The exposure pathways by which part-time subsistence users could come in contact with site- 

related contaminants are the following: 

ingestion of fish; 

incidental ingestion of surface water; 

direct contact with surface water; 

incidental ingestion of sediment; and 

direct contact with sediment. 



The carcinogenic risks for the USFWS worker and the part-time subsistence worker were 

calculated to be the following: 

NA- Not Applicable 

NC - Not Calculated, no carcinogenic COPCs were identified in environmental media at this site. 

Carcinogenic Risks 

The non-carcinogenic hazards for USFWS workers and part-time subsistence workers were 

calculated to be the following: 

Non-Carcinogenic Hazards 
-- -- " . - 
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--- - 
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NA- Not Applicable. 

NC - Not C:alculated, no Non-carcinogenic COPCs were identified in environmental media at this site. 

Non-Carcinogenic Hazards 

All of the calculated carcinogenic risks are within, or below, the USEPA's recommended risk 

range of 1.0 x lom4 to 1.0 x lo4 and the State of Alaska regulatory threshold for cumulative 

cancer risk of 1 x loL5 (ADEC, 2002). Additionally, all of the calculated non-carcinogenic 

hazards are less than the ADEC and USEPA recommended target hazard index of 1 .O. 

Therefore, it can be concluded that site-related constituents do not pose significant riskshazards 

to USFWS workers or part-time subsistence users. Furthermore, petroleum hydrocarbons (i.e., 

diesel range organics and gasoline range organics) do not pose significant hazards to USFWS 

workers or part-time subsistence users. 

>- 

Site 

Drill Site E Stream 
- 

Ecological Risk Assessment 

An ecological risk assessment was performed on the mud pit release sites to evaluate the 

potential risks to ecological receptors. Based on the surface water and sediment samples 

collected at the 13 previously listed water bodies, several constituents were identified as 

Constituents of Potential Ecological Concern (COPEC). Constituents detected at concentrations 

above background and above conselvative screening benchmarks or known to be 
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bioaccumulative were identified as COPECs. These included several metals (aluminum, arsenic, 

@ barium, boron, cadmium, chromium, copper, iron, nickel, titanium, and zinc), polycyclic 

aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB), and a few volatile organic 

compounds (VOC). 

Through the identification of complete exposure pathways, the following receptors representing 

several trophic levels were chosen as the focus of the ecological risk assessment: 

Benthic macroinvertebrate communities 

Aquatic plants (Milfoil and Aquatic Mosses) 

Freshwater fish (Land-locked Dolly Varden) 

Omnivorous birds (Green-Winged Teal) 

Herbivorous birds (Aleutian Canada Goose) 

Piscivorous birds (Bald Eagle) 

Several assessment endpoints were identified: 

The potential for significant adverse effects on benthic invertebrate community 

abundance and diversity; 

The potential for significant adverse effects on plant species abundance, diversity, 

and primary production; 

The potential for significant adverse effects on freshwater fish abundance; 

The potential for significant adverse effects on waterfowl abundance; and 

The potential for significant adverse effects on bald eagle abundance. 

The potential for significant adverse effects on benthic invertebrate communities was addressed 

through the Sediment Quality Triad approach in which measurements of chemistry, toxicity, and 

biology are made and a weight of evidence is used to determine whether effects due to chemical 

contamination are evident. Some individual lowland stream locations on Rainbow Creek and 

White Alice Creek appeared to have sufficient weight-of-evidence to categorize them as 

potentially impacted stations. However, benthic community analysis and laboratory toxicity 

testing indicated that, for the most part, biological effects were not manifested to any significant 

degree above those in reference locations, even in areas where sediment chemical concentrations 



were elevated. Thus, the potential for significant effects on benthic invertebrate communities 

due to contaminants in the sediment rclated to the drilling mud pits is limited. 

The potential for significant effects to aquatic plant productivity was addressed through the 

comparison of surface water concentrations to the lowest chronic levels available in the 

literature. Aluminum and copper concentrations exceeded these levels in a few locations. 

Neither aluminum nor copper is known to be associated with drilling mud. Aluminum is a major 

component of sediment and is usually found as aluminum silicates, which are not readily 

bioavailable. Copper was found at concentrations not much higher than background. Thus, 

these are probably related to background conditions and suspended sediments in the surface 

water samples, and no significant effects to aquatic plant productivity are expected due to the 

drilling mud pits. 

The potential for significant effects on fish reproduction and populations was addressed through 

the comparison with concentrations that are correlated with 20% effects on population 

parameters (i.e., EC20), and through the comparison of tissue concentrations with tissue levels 

correlated with reproductive effects, As with plants, aluminum and copper were found in a few 

samples above the EC20 values. These are probably related to background conditions and @ suspended sediments in the surface water samples, and no significant effects to fish populations 

are expected. Fish tissue analyses found detectable levels of PCBs in many of the fish sampled. 

A conservative residue effect threshold (RET) of approximately 0.1 rnglkg, based on a 4% 

average lipid content, was found to be associated with reproductive effects in salmonids. Of all 

the fish sampled, one fish from Falls Creek had a concentration greater than this benchmark. 

Thus, effects on fish populations from the drilling mud pit related constituents are expected to be 

insignificant. 

The potential for significant effects on waterfowl (e.g., Aleutian Canada Goose and Green- 

winged Teal) and on Bald Eagles were evaluated through the use of food chain models. The 

potential risk is presented as a Hazard Index (HI), which is the ratio of the estimated daily dose 

to the receptor based on the food chain models to conservative estimates of potential toxicity, 

either chronic No Observable Adverse Effect Levels (NOAEL) or chronic Lowest Observable 

Adverse Effect Level (LOAEL). HIS greater than one indicate that a potential hazard may exist. 

Bald Eagles are assumed to forage over a large area and obtain fish and waterfowl for their diet 

@ (which also consists of rats and upland birds) from any of the lakes and ponds in the Mud Pit 

Release Sites Area. The NOAEL-based HI for the Bald Eagle is 0.17. 'Therefore, no effects are 
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expected to Bald Eagles on Amchitka Island due to contaminants related to the drilling mud pits. 

Field observations indicate that Bald Eagles are abundant on Amchitka. The birds have adapted * well to the closure of thc island's landfill that had attracted many eagles during the periods of 

high human occupation in the 1970s, 1980s and early 1990s. Numerous nests with fledglings 

were observed during 2001 field activities. 

Green-winged Teal are year-round residents at Amchitka Island but only spend the 3-month 

breeding season associated with the freshwater areas at the site. They eat both benthic 

invertebrates and aquatic plants. Three of the lakes and ponds had NOAEL-based HIS greater 

than 1 ,O for the Green-winged Teal: Drill Site D Lake, Heart Lake, and Cannikin Lake. 

The NOAEL-based HI at Drill Site D Lake for Green-winged Teal was 16 based on the modeled 

concentration in benthic invertebrates upon which they might feed of chromium bioaccumulated 

from the sediment. The LOAEL-based HI, though still greater than 1 .O, was 2.0. Sources of 

uncertainty in the HI values include the limited sediment samples collected in the lake, the non- 

site specific biota-sediment accumulation factor (BSAF) used to model the benthic invertebrate 

concentrations, and, especially, the use of a 10-month exposure study whereas Green-winged 

Teal on Amchitka would be potentially exposed to drilling mud constituents just during the short 

@ pre-reproductive period that they spend associated with the lakes and ponds. Though a potential 

for effects from chromium exists at Drill Site D Lake, it is not considered to be significant, and is 

limited to Drill Site D Lake. 

The NOAEL-based HI at Heart Lake for Green-winged Teal was 30 based on the modeled 

concentration in benthic invertebrates upon which they might feed of aluminum bioaccumulated 

from the sediment. The LOAEL-based HI was 0.076. Aluminum in sediments is usually found 

in the form of aluminum silicates, which are not readily bioavailable. The BSAF used for 

modeling benthic invertebrate concentrations of aluminum was a generic metals BSAF. 

Aluminum in sediments is not expected to readily bioaccumulate. The toxicity test on which the 

NOAEL was based tested only one dose and found no effects. Thus, no LOAEL has been 

established for aluminum. Aluminum is not considered to be related to drilling mud, and no 

significant effects are expected from exposure to aluminum from sediments. 

The NOAEL-based HI at Cannikin Lake for Green-winged Teal was 132 based on the modeled 

concentration in benthic invertebrates upon which they might feed of PAHs bioaccumulated from 

the sediment. The LOAEL-based HI, though still greater than 1 .O, was 10. Sources of 

uncertainty in the HI values include the small number of samples collected in Cannikin Lake and 
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their location in just one area nearest the mud pits (these are not thought to be representative of 

the entirc lake), the BSAF used for all PAHs was based on a study of only one PAH 

(benzo(a)pyrene), and the TRVs were based on acute studies in which PAHs were injected into 

eggs and observed for subsequent mortality. The route of exposure may not be appropriate for 

developing TRVs that will effect reproduction, and safety factors of 20 to 250 were used in 

extrapolating from acute endpoints to chronic NOAELs. Though a potential for effects is present 

at Cannikin Lake due to PAHs in sediment, it is expected to be limited to birds that would only 

feed in the one small portion of Cannikin Lake, which is unlikely. No significant effects on 

Green-winged Teal populations are expected from PAHs. This conclusion is supported by recent 

field observations. During sampling and remediation activities, Green-winged Teal were 

observed to be very abundant on Amchitka, and were successfully nesting and rearing young on 

most of the small ponds throughout the eastern lowland portion of the Island. 

The Aleutian Canada Goose is a migratory bird and spends about 6 months, including the 

breeding season, at Amchitka Island. They are primarily herbivorous and eat both upland and 

aquatic plants. Three of the lakes and ponds in the Mud Pit Release Sites area had NOAEL- 

based HIS greater than 1 ,O for the Aleutian Canada Goose: Drill Site D Lake, Heart Lake, and 

a Cannikin Lake. 

The NOAEL-based HI for Aleutian Canada Goose at Heart Lake (1 -4) was just above 1.0 and 

was due to aluminum. The LOAEL-based HIS was 0.012. Based on the uncertainty presented 

earlier, and because aluminum is not considered to be related to drilling mud, no significant 

effects are expected from exposure to aluminum from sediments, 

The NOAEL-based HI at Drill Site D Lake is 3.1 and is due to chromium. The LOAEL-based 

HI is 0.49. In addition to the sources of uncertainty related to chromium at DriII Site D Lake 

discussed above for the Green-winged Teal, the risk for Aleutian Canada Goose assumes that 

half of their on-site plant consumption is aquatic plants. Based on site observations where 

Aleutian Canada Geese were almost entirely upland grazers, this is a very conservative 

assumption. The potential for significant effects to the Aleutian Canada Goose from chromium at 

Drill Site D Lake is considered unlikely. 

The NOAEL-based HI at Cannikin Lake is 5.2 and is due to PAHs. The LOAEL-based HI is 

0.36. Based on the uncertainty regarding PAH risks discussed for Green-winged Teal and the 

I) overly conservative assumptions in the Aleutian Canada Goose food chain model, it is unlikely 



that PAHs in Cannikin Lake would effect the Aleutian Canada Goose population at Amchitka 

Field observations made during sampling and remediation work indicate that the Aleutian 

Canada Goose population on Arnchitka has recovered very well. In the spring of 2001, counts 

made in the work areas and along Infantry Road found both small and large flocks of geese, 

some with over 100 birds, throughout the portion ofthe Island containing the drill sites. 

Observations included numerous mated pairs, several nests with eggs, and adults with goslings. 

At present, the greatest threat to Aleutian Canada Geese on Amchitka is predation by Bald 

Eagles. 

The mud pit stabilization capping and closure work performed on Amchitka by the DOE in 2001 

removed the sources of drilling mud that has historically entered several of the streams, ponds 

and lakes adjacent to the drill sites. Although some of this material remains in ponds and stream 

depositional areas, the risks posed to ecological receptors, as evaluated in this ecological risk 

assessment, are not substantial, and will diminish over time. In addition, the birds, fish and other 

biota of Amchitka appear to be thriving at present, and the disturbance and habitat disruption that 

would result from further remediation is not warranted by the potential reduction of risk levels. 



Table of Contents 

@ EXECUTIVE SUMMARY 

1.0 INTRODUCTION ...................................................................................................... 1 - 1  

2.0 HUMAN HEALTH RISK ASSESSMENT ................................................................. 2 - 1  

2.1 IDENTIFICATION OF CONSTITUENTS OF POTENTIAL CONCERN ..................................... 2-1 
2.2 EXPOSURE ASSESSMENT ............................................................................................... 2-3 

2.2.1 Contaminant Sources and Transport Mechanisms ............................................... 2-3 
2.2.2 Potentially Exposed Populations ............................................................................ 2 - 6  
2.2.3 Identification of Exposure Pathways .................................... ., .............................. 2-6 
2.2.4 Exposure Pathway Dosage Estimates .................................................................... 2 - 8  

2.2.4.1 Exposure Point Concentrations ........................................................................ 2-9 
2.2.4.2 Ingestion of Fish ............................................................................................ 2-10 
2.2.4.3 Ingestion of Surface Water .. ........................ ................................................. 2-11 
2.2.4.4 Direct Contact With Surface Water ............................................................. 2-12 
2.2.4.5 Ingestion of Sediment .. ..................,..............a......... ................................. 2-12 

....................................................................... a 2,2.4.6 Direct Contact With Sediment 
............................................................................................... 

2-13 
2.3 TOXICITY ASSESSMENT 2-13 

.. 2.3.1 Toxicity Assessment for Carcinogenic Effects ....................,..............+~...... 2-14 
............................................... 2.3.2 Toxicity Assessment of Non-Carcinogenic Effects 2-15 

2.3.3 Derivation of Dermal Toxicity Values .................................................................. 2-16 
.......................................................................................... 2.4 RISK CHARACTERIZATION 2-17 

.............................................................. 2.4.1 Characterization of Carcinogenic Effects 2-18 
.................................................... 2.4.2 Characterization of Non-Carcinogenic Effects 2 - 1 9  

2.4.3 Interpretation of Calculated Cancer Risk and Non-Cancer Hazard Quotients ...... 2-21 
2.4.4 Calculated Carcinogenic Risks ....................................................................... 2 - 2 1  

............................................................ 2.4.5 Calculated Non-Carcinogenic Hazards 2-23 
........................................................................................... 2.5 UNCERTAINTY ANALYSIS 2-26 

.................................................................................. 2.6 SUMMARY AND CONCLUSIONS 2 - 3 0  

3.0 ECOLOGICAL RISK ASSESSMENT ...................................................................... 3-1 

3.1 ECOLOGICAL RISK ASSESSMENT ORGANIZATION ......................................................... 3-1 
3.2 SCREENING LEVEL ASSESSMENT AND PROBLEM FORMULATION .................................. 3-1 

3.2.1 Screening Level Assessment Results .................................................................... 3-2 
3.2.1.1 Approach to Screening for Constituents of Potential Ecological Concern ...... 3-2 
3.2.1.2 Surface Water ................................................................................................... 3-2 
3.2.1 . 3 Sediment .......................................................................................................... 3-4 

3.2.2 Problem Formulation ............................................................................................... 3-7 
..................................................................................... 3.2.2.1 Conceptual Site Model 3-8 

............................................. ............................. . 3.2.2.1 1 Historical Contamination ., 3-8 



3.2.2.1.2 Historical Release Mechanisms ................................................................... 3-9 
3.2.2.1.3 Impacted Media ......................................................................................... 3-10 
3.2.2.1.4 Migration Pathways ................................................................................... 3-11 
3.2.2.1.5 Potential Ecological Exposure Routes ...................................................... 3-13 
3.2.2.1.6 Potential Ecological Receptors .......................................................... 3-14 

3.2.2.2 Assessment Endpoints ................................................................................... 3-17 
.................................................................... 3.2.2.3 Risk Questions and I-lypotheses 3 -18  

........................................................ 3.3 ECOLOGICAL RISK ASSESSMENT STUDY DESIGN 3-18 
3.3.1 Benthic Invertebrate Communities ........................................................................ 3-18 
3.3.2 Aquatic Plants ....................... ., ........................................................................ 3 - 1 9  
3.3.3 Fish Population ..................................................................................................... 3-19 
3.3.4 Wildlife .................................................................................................................. 3-20 

I 3.4 INVESTIGATION AND DATA ANALYSIS ........................................................................ 3-23 
1 3.4.1 Surface Water Sampling ........................................................................................ 3-23 

3.4.2 Sediment Sampling ................................................................................................ 3-23 
3.4.3 Toxicity Testing ..................................................................................................... 3-24 

3.4.3.1 Toxicity Test Sample Locations .................................................................... 3-24 . . 
3.4.3.2 Toxicity Tests ............................................................................................. 3-24 

3.4.3.2.1 Preparation of Sediment Samples for Testing ........................................... 3-24 
3.4.3.2.2 Test Organisms ......................................................................................... 3-25 
3.4.3.2.3 Experimental Procedures ......................................................................... 3 - 2 5  
3.4.3.2.4 Data Analysis ............................................................................................. 3-26 

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

0 ................................................................................ 
3.4.3.2.5 Results 3-26 

3.4.4 Benthic Community Analysis 3-27 
3.4.4.1 Benthic Community Analysis Sample Locations ......................................... 3-27 
3.4.4.2 Benthic Community Analysis Methods ......................................................... 3-27 

........ 3.4.4.2.1 Benthic Macroinvertebrate Sorting, Enumeration and Identification 3-27 
3.4.4.2.2 Subsampling and Sorting ...................................................................... 3-27  
3.4.4.2.3 Macroinvertebrate Identification ..... ,. ...................................................... 3-28 
3.4.4.2.4 Data Analysis ............................................................................................. 3-28 

........................................................... 3.4.4.3 Benthic Community Analysis Results 3-29 
.......................................................................................... 3.4.4.3.1 Upland Streams 3-29 

..... ................................................ 3.4.4.3.2 Lowland Streams .............................. 3-31 
3.4.5 Fish Tissue Analysis .............................................................................................. 3-33 

3.5 RISK CHARACTERIZATION ..................... , . ..,, ........................................................ 3 - 3 4  
................................................................................................. 3.5.1 Food Chain Model 3-34 

.......................................................................... . 3 .5.1 1 Exposure Characterization 3 - 3 5  
............................................................... 3.5.1.2 Ecological Effects Characterization 3-40 

........................................................................... 3.5.1.3 Estimated Wildlife Hazards 3-40 
3.5.2 Aquatic Plant Risk Characterization .................................................................. 3-44 

............................................................... 3.5.3 Fish Population Risk Characterization 3 - 4 5  
....................................... 3.5.4 Benthic Invertebrate Community Risk Characterization 3-47 

3.5.4.1 Chemistry ................... .. ........................................................................... 3-47 

I 3.5.4.2 Toxicity 3-48 ......................................................................................................... 
........................................................................................................... 3.5.4.3 Biology 3-48 



............................................................................................... 3.5.4.4 Triad Analyses 3-48 
............................................................. 3.5.4.4.1 Component Ranking and Analysis 3-48 

.................................................................... 3.5.4.4.2 Ranking Probability Analysis 3-50 
.................................................................. 3.5.4.4.3 Principal Component Analysis 3-51 

............................................... 3.5.4.4.4 Benthic Invertebrate Risk Characterization 3-52 
............................................................................................................ 3.6 UNCERTAINTY 3-53 

3.7 SUMMARY AND CONCLUSIONS ......................................................................... 3-55 



List of Tables e Table 
Title 

2- 1 Summary of Preliminary EIuman Health Constituents of Concern 

2-2 Summary of Sediment Data for Lower Stream Reaches - Upland Streams 

2-3 Summary of Sediment Data for Lower Stream Reaches - 1,owland Strcams 

2-4 Summary of Surface Water Data for Lower Stream Reaches - Upland Streams 
2-5 Summary of Surface Water Data for Lower Stream Reaches - Lowland Streams 

2-6 Sediment PCB Concentrations at Lowest Reaches of Creeks in Littoral Habitat 

Physical Constants for Select Chemicals 

Parameters for On-site USFWS Worker Exposure Pathways 

Parameters for Part-Time Subsistence user Exposure Pathways 

Carcinogenic Effects of Preliminary Constituents of Concern 

Non-Carcinogenic Effects of Preliminary Constituents of Concern 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards -Falls Creek (Drill 
Site D) 
Summary of Carcinogenic Risks and Non-Carcinogenic FIazards -Drill Site D Lake 
(Drill Site D) 
Summary of Carcinogenic Risks Drill Site E Stream (Drill Site E) 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards Bridge Creek (Long 
Shot Site) 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards Reed Pond (Long 
Shot Site) 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards Cloudberry Creek 
(Long Shot Site) 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards Rainbow Creek 
(Long Shot Site) 

Summsuy of Carcinogenic Risks and Non-Carcinogenic Hazards Clevenger Creek 
(Milrow Site) 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards Heart Lake (Milrow 
Site) 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards Cannikin Lake 
(Cannikin Site) 

Summary of Carcinogenic Risks and Non-Carcinogenic Hazards White Alice Creek 
(Cannikin Site) 

Ecological Screening Values for Surface Water 

Ecological Screening Values for Sediment 

Summary of Constituents of Potential Ecological Concern 

Toxicity 'Test Results - Upland Streams 

Toxicity Test Results - Lowland Streams 



Benthic Macroinvertebrate Community Analysis - Upland Streams 

Benthic Macroinvertebrate Community Analysis - Lowland Streams 

Wildlife Life History Parameters 

Sediment-to-Invertebrate Bioaccumulation Factors 

Benthic Invertebrate Exposure Point Concentrations 

Sediment-to-Aquatic Plant Bioaccumulation Factors 

Surface Water-to-Aquatic Plant Bioaccurnulation Factors 

Aquatic Plant Exposure Point Concentrations 
Estimated Daily Dose to Bald Eagle 

Estimated Daily Dose to Green-winged Teal - Drill Site D Lake 

Estimated Daily Dose to Green-winged Teal - Reed Pond 

Estimated Daily Dose to Green-winged Teal - Long Shot Pond 

Estimated Daily Dose to Green-winged Teal - Heart Lake 

Estimated Daily Dose to Green-winged Teal - Cannikin Lake 

Estimated Daily Dose to Aleutian Canada Goose - Drill Site D Lake 

Estimated Daily Dose to Aleutian Canada Goose - Reed Pond 
Estimated Daily Dose to Aleutian Canada Goose - Long Shot Pond 

Estimated Daily Dose to Aleutian Canada Goose - Heart Lake 

Estimated Daily Dose to Aleutian Canada Goose - Cannikin Lake 

Wildlife Toxicity Reference Values - NOAELs 

Wildlife Toxicity Reference Values - LOAELs 

Risk Characterization Bald Eagle 

Risk Characterization Green-winged Teal - Drill Site D Lake 

Risk Characterization Green-winged Teal - Reed Pond 

Risk Characterization Green-winged Teal - Long Shot Pond 

Risk Characterization Green-winged Teal - Heart Lake 

Risk Characterization Green-winged Teal - Cannikin Lake 

Risk Characterization Aleutian Canada Goose - Drill Site D Lake 

Risk Characterization Aleutian Canada Goose - Reed Pond 
Risk Characterization Aleutian Canada Goose - Long Shot Pond 

Risk Characterization Aleutian Canada Goose - Heart Lake 

Risk Characterization Aleutian Canada Goose - Cannikin Lake 

Surface Water Exposure Point Concentrations 

Sediment Exposure Point Concentrations 

Sediment Chemistry Data - Upland Stations 

Sediment Chemistry Data - Lowland Stations 

Summary of Triad Results for Upland Stations 

Summary of Triad Results for Lowland Stations 



List of Figures 

Figure 

1-1 
2- 1 
3-1 
3 -2 

Title 

Location of Drill Sites and Potentially Affected Water Bodies 

Human Health Conceptual Site Model 

Ecological Conceptual Site Model 

Probability Analysis for Mean Relative Ranks - Upland Stream Sampling 
Stations Mud Pit Release Sites 

Probability Analysis for Mean Relative Ranks - Lowland Stream Sampling 
Stations Mud Pit Release Sites 

Upland Streams - Principal Components Analysis Mud Pit Release Sites 

Lowland Streams - Principal Components Analysis Mud Pit Release Sites 

List of Appendices 

Appendix A Human Health Screening Tables for Constituents of Potential Concern 

Table Title 

A- 1 Summary of Constituents of Potential Concern for Surface Water in Falls Creek 
(Drill Site D) 

A-2 Summary of Constituents of Potential Concern for Sediment in Falls Creek (Drill 
Site D) 

A-3 Summary of Constituents of Potential Concern for Fish Tissue in Falls Creek 
(Drill Site D) 

A-4 Summary of Constituents of Potential Concern for Surface Water in Drill Site D 
Lake (Drill Site D) 

A-5 Summary of Constituents of Potential Concern for Sediment in Drill Site D Lake 
(Drill Site D) 

A-6 Summary of Constituents of Potential Concern for Sediment in Drill Site E 
Stream (Drill Site E) 

A-7 Summary of Constituents of Potential Concern for Fish Tissue in Drill Site E 
Stream (Drill Site E) 

A-8 Summary of Constituents of Potential Concern for Fish Tissue in Limpet Creek 
(Drill Site F) 

A-9 Summary of Constituents of Potential Concern for Sediment in Bridge Creek 
(Long Shot Site) 



Summary of Constituents of Potential Concern for Fish Tissue in Bridge Creek 
(Long Shot Site) 

Summary of Constituents of Potential Concern for Sediment in Reed Pond (Long 
Shot Site) 

Summary of Constituents of Potential Concern for Sediment in Cloudberry Creek 
(Long Shot Site) 

Summary of Constituents of Potential Concern for Fish Tissue in Cloudberry 
Creek (Long Shot Site) 

Summary of Constituents of Potential Concern for Sediment in Rainbow Creek 
(Long Shot Site) 

Summary of Constituents of Potential Concern for Fish Tissue in Rainbow Creek 
(Long Shot Site) 

Summary of Constituents of Potential Concern for Surface Water in Clevenger 
Creek (Milrow Site) 

Summary of Constituents of Potential Concern for Sediment in Clevenger Creek 
(Milrow Site) 

Summary of Constituents of Potential Concern for Fish Tissue in Clevenger 
Creek (Milrow Site) 

Summary of Constituents of Potential Concern for Sediment in Heart Lake 
(Milrow Site) 

Summary of Constituents of Potential Concern for Surface Water in Cannikin 
Lake (Cannikin Site) 

Summary of Constituents of Potential Concern for Sediment in Cannikin Lake 
(Cannikin Site) 

Summary of Constituents of Potential Concern for Fish Tissue in Cannikin Lake 
(Cannikin Site) 

Summary of Constituents of Potential Concern for Surface Water in White Alice 
Creek (Cannikin Site) 

Summary of Constituents of Potential Concern for Sediment in White Alice Creek 
(Cannikin Site) 

Summary of Constituents of Potential Concern for Fish Tissue in White Alice 
Creek (Cannikin Site) 

Surface Water in Falls Creek (Drill Site D) 

Sediment in Falls Creek (Drill Site D) 

Surface Water in Drill Site D Lake (Drill Site D) 

Sediment in Drill Site D Lake (Drill Site D) 

Sediment in Drill Site E stream (drill Site E) 

vii 



A-3 1 Sediment in Bridge Creek (Long Shot Site) 

A-32 Sediment in Reed Pond, Long Shot Site 

A-33 Sediment in Cloudbeny Creek (Long Shot Site) 

A-34 Sediment in Rainbow Creek (Long Shot Site) 

A-3 5 Surface Water in Clevenger Creek (Milrow Site) 

A-3 6 Sediment in Clevenger Creek (Milrow Site) 

A-37 Sediment in Heart Lake (Milrow Site) 

A-3 8 Surface Water in Cannikin Lake (Cannikin Site) 

A-39 Sediment in Cannikin Lake (Cannikin Site) 

A-40 Fish Tissue in Cannikin Lake (Cannikin Site) 

A-4 1 Surface Water in White Alice Creek (Cannikin Site) 

A-42 Sediment in White Alice Creek (Cannikin Site) 

Appendix B Ecological Risk Assessment Screening Tables for Constituents of Potential 
Concern 

B- 1 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Falls Creek, Drill Site D 

@ B-2 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Falls Creek, Drill Site D 

B-3 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Drill Site D Lake 

B-4 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Drill Site D Lake 

B-5 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Drill Site E Stream 

B-6 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Drill Site E Stream 

B-7 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Limpet Creek, Drill Site F 

B-8 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Limpet Creek, Drill Site F 

B-9 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Bridge Creek, Long Shot Site 

B- 10 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Bridge Creek, Long Shot Site 



Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Reed Pond, Long Shot Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Reed Pond, Long Shot Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Long Shot Pond 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Long Shot Pond 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Cloudberry Creek, Long Shot Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Cloudberry Creek, Long Shot Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Rainbow Creek, Long Shot Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Rainbow Creek, Long Shot Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Clevenger Creek, Milrow Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Clevenger Creek, Milrow Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Heart Lake, Milrow Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Heart Lake, Milrow Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Cannikin Lake, Cannikin Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Cannikin Lake, Cannikin Site 

Summary of Analytical Results and Ecological Risk Asseskment Screening for 
Surface Water in White Alice Creek, Cannikin Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in White Alice Creek, Cannikin Site 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Reference Stream No. 1 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Reference Stream No. 1 

Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Reference Stream No. 2 



B-30 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Reference Stream No. 2 

@ B-31 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Reference Stream No. 3 

B-32 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Reference Stream No. 3 

B-33 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Reference Stream No. 4 

B-34 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Reference Stream No. 4 

B-35 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Surface Water in Reference Pond 

B-36 Summary of Analytical Results and Ecological Risk Assessment Screening for 
Sediment in Reference Pond 

Appendix C Site Characterization Sample Location Maps 

Appendix D Sediment Triad Sample Location Maps 



List of Acronyms and Abbreviations 

AAC Alaska Administrative Code 

ADEC Alaska Department of Environmental Conservation 

AEC Atomic Energy Commission 

AMNWR Alaska Maritime Natural Wildlife Refuge 

APIA Aleutian Pribilof Island Association 

ARCS Assessment and Remediation of Contaminated Sediments 

ASTM American Society for Testing and Materials 

atm-m3/mol Atmospheres-cubic meter per mole 

ATSDR Agency for Toxic Substances and Disease Registry 

AUF Area use factor 

AVS Acid volatile sulfides 

BCF Bioconcentration factor 

BTEX Benzene, toluene, ethylbenzene, xylene 

CDI Chronic daily intake 

CFR Code of Federal Regulations 

cm Centimeter 

Square centimeters 

Constituents of concern 

COPEC Compound of potential ecological concern 

CSM Conceptual site model 

DoD U.S. Department of Defense 

DOE U.S. Department of Energy 

DRO Diesel range organic 

ECAO Environmental Criteria and Assessment Office 

EPA U.S. Environmental Protection Agency 

EPC 

EPT 

EqP 
ERAGS 

ESG 

ESV 

FBI 

FTTL 

a GRO 

Exposure point concentration 

Ephemeroptera-Plecoptera-Trichoptera 

Equilibrium partitioning 

Ecological Risk Assessment Guidance for Superfund 

Equilibrium partitioning sediment guideline 

Ecological screening value 

Family Biotic Index 

Fish tissue target level 

Gastrointestinal 

Gasoline-range organics 



HEAST 
@ HHRBCL 

EII 

HQ 
IRIS 

Kg 

KOW 

Kt 

L/Day 

LC50 

LD50 

LOAEL 

LOEL 
MCL 

OC 

PAH 

PCA 

PCB 

RBP TI 
RCBL 

RET 

Rfc 
RfD 

RME 

SF 
SGZ 

TOC 

TRV 

TUF 

UCL 

@ UF 

Health Effects Assessment Summary Tables 

Human health risk-based cleanup level 

Hazard index 

Hazard quotient 

Integrated Risk Information System 

Kilogram 

Octanol-water partition coefficient 

Kiloton 

Liter per day 

Lethal concentration - 50% 

Lethal dose - 50% 

Lowest observable adverse effect level 

Lowest observable effect level 
Minimum concentration level 

Milligrams per square centimeter 

Milligrams per kilogram 

Milligrams per liter 

Megaton 

No observable adverse effect level 

Organic carbon 

Polyaromatic hydrocarbon 

Principal components analysis 

Polychlorinated biphenyl 

Rapid Bioassessment Protocol TI 
Risk-based cleanup level 

Residue effects threshold 

Reference concentration 
Reference dose 

Reasonable maximum exposure 

Safety factor 

Surface ground zero 

Total organic carbon 

Toxicity reference value 

Temporal use factor 

Upper confidence limit 

Uncertainty factor 

xii 



USFWS U.S. Fish and Wildlife Service 

UTL * voc 
Upper tolerance limit 

Volatile organic carbon 

WP Work Plan 

Yr Year 

~ f &  Micrograms per liter 



This page intentionally left blank 

 



* 7.0 Introduction 

The Atomic Energy Commission (AEC), the predecessor to the U.S. Department of Energy 

(DOE), utilized Amchitka Island as an underground nuclear test site between 1965 and 1971. 

Deep drilling operations required large volumes of drilling mud, which is a mixture of bentonite, 

diesel fuel, and other compounds including chrome lignosulfonate. Releases of drilling mud into 

fresh water drainages at the drill sites occurred during the testing period, and a considerable 

amount of the material was left on the island in exposed mud pits after testing was completed. 

The U.S. Department of Energy (DOE) stabilized and capped the remaining drilling mud pits on 

the island during the spring and summer of 2001. Several stream, lake, and pond areas 

containing historic releases of drilling mud are proposed for no further action, providing that 

these sites do not pose an unacceptable risk to human or ecological receptors. This human health 

and ecological risk assessment presents the evaluation of possible hazards from remaining 

drilling mud constituents to potentially exposed human and ecological receptors. The results are 

intended to facilitate risk management decisions regarding the mud pit release sites. 

I. 2 Report Organization 
@ Amchitka sitc history, sctting, historical release mechanisms and potentially i m p 4  media are 

given in this section of the Document. Section 2,O presents the Human Health Risk Assessment, 

and Chapter 3.0 presents the Ecological Risk Assessment. 

1.3 Site History 

Aleuts inhabited Amchitka Island for thousands of years before Europeans first sighted the Island 

in the mid-eighteenth century, Russian promyshlenniki (hunters) exploited the Aleuts 

throughout the Aleutians, and the Aleut population was reduced from at least 12,000 to about 

4,000 by the late 1830s (Merritt, 1977). Alaska, including the Aleutians, was purchased from 

Russia by the United States in 1867, and the Aleutian Islands, including Amchitka, were set 

aside as a wildlife preserve in 191 3. The Aleuts continued to occupy and utilize Amchitka's 

resources through this period. Jurisdiction was transferred to the Department of the Interior in 

1940, and the system was renamed the Aleutian Island National Wildlife Refuge. 

The regulations governing use of refuge lands provided that human occupation is permissible 

when necessary for national defense. Subsequent to the Japanese occupation of Kiska Island 69 

miles to the west, the U. S .  Army established a forward air base on Amchitka in 1943. Since 

World War 11, Amchitka has been used by the U.S. Department of Defense (Doll) and the AEC, 

1-1 



now the DOE. Amchitka was selected as a nuclear test site because of its location and 

@ 
remoteness, and because of limitations that the proximity of the City of Las Vegas placed on 

testing large yield devices at the Nevada Test Site. 

Between 1965 and 197 1, the AEC conducted two underground nuclear tests and assisted the 

DoD with a third test. The first test, known as Long Shot was a detonation of 80-kilotons (Kt), at 

2,350 fket underground. The purpose of this test was to determine if underground nuclear tests 

could be differentiated from earthquakes by seismic instruments. 'I'wo weapons related tests 

were also conducted. The Milrow test was a detonation of about 1 megaton (Mt) at a depth of 

4,000 feet, and was a "calibration test" to evaluate the feasibility of conducting higher yield tests 

at Amchitka. The largest yield test was Cannikin. This was a detonation of less than 5 Mt at a 

depth of 5, 875 feet below the surface. In addition to the three tests, emplacement holes were 

drilled at Sites D and F, and an exploratory hole was drilled at Site E (Figure 1-1). 

In 1980, the Alaska National Interest Lands Conservation Act was enacted into law and the 

former Aleutian National Wildlife Refuge became a subunit of the larger Alaska Maritime 

Wildlife Refuge. Amchitka Island is presently closed to visitation except by necessary military * personnel, USFWS staff engaged in management or monitoring activities, and contractors 

working under government contracts. 

1.4 Site Setting 

Amchitka Island is located 1,340 miles west-southwest of Anchorage in the western end of the 

Aleutian Island archipelago, in a group known as the Rat Islands. Amchitka is approximately 42 

miles long and is quite narrow, ranging from about one to four miles in width. The eastern third 

of the island is relatively flat and is comprised of rolling terrain heavily vegetated with maritime 

tundra, and dotted with numerous shallow ponds. The terrain gradually becomes more rugged in 

the central portions of island, the tundra grasses are less dense and there are numerous wind 

eroded bare areas or "blowouts". The northwestern third of Arnchitka is mountainous with 

elevations exceeding 1,100 feet, with vegetation limited to areas protected from the nearly 

constant strong winds. The sites that are addressed in this risk assessment are located in the 

eastern and central portions of the island (Figure 1-1). Most of the streams draining Amchitka 

originate at the island's spine and flow a short distance more or less directly to the Bering Sea to 

the north, or to the North Pacific Ocean to the south. Therefore, the streams are short (less than 2 

miles in length), and since the watersheds they drain are small, the streams are also quite narrow. e 



1.5 Historical Release Mechanisms and Impacted Media 

Although all mud pits have now been stabilized and capped, drilling mud spills and failure of 

mud pit berms occurred during the underground testing program. Drilling mud thus has been 

released into the freshwater drainages that exist at each of the drill sites (Valdez et al., 1977, 

Fuller and Kirkwood, 1977). Most of the drilling mud has subsequently been flushed from the 

creeks, but some remains in depositional areas of the creeks and in ponds adjacent to the drill 

sites. 

Drill Site D used three large drilling mud pits. Besides use for drilling at Drill Site D, drilling 

muds were also mixed here and piped to other drill sites. During the Milrow test, drilling mud 

may have splashed out of the holding ponds, and the pond walls were reported to have cracked 

and failed during the Cannikin test. Additionally, intentional releases may have resulted in 

releases to the freshwater drainage in the area. Potentially impacted water bodies include the 

unnamed lake at Site D and Falls Creek, which flows from the unnamed lake. 

Drill Site E contained one drilling mud pit near the drilling pad, and two smaller mud pits to the 

north and south. The Drill Site E mud pit was constructed on unstable soil, and, in 1968, the 

mud pit berm failed and drilling mud was released into the nearby stream Site E Stream). 

Drill Site F originally contained four drilling mud pits. Mud from the sumps was reported to 

have escaped resulting in releases to the Limpet Creek drainage. 

Four side-by-side mud pits are present at the Long Shot test site. These mud pits were excavated 

into native soil in a low-lying area that is drained by a shallow trench. Surface water drainage 

from the mud pits may have resulted in contaminant releases to streams and ponds in the area. 

The potentially affected streams are Bridge Creek, Rainbow Creek and Cloudberry Creek, The 

potentially affected ponds are Reed Pond and Long Shot Pond. 

The Milrow test site contained four mud pits and also utilized the Rifle Range Road mud pits for 

drilling mud storage, Several small losses and large spills are reported to have occurred in 1968 

and 1969. These spills released contaminants into nearby Clevenger Creek. Heart Lake at the 

Milrow Site is also potentially affected. 

The Cannikin test site used four or five mud pits. Releases into White Alice Creek are reported 

@ to have occurred from 1968 to 197 1. Intentional releases occurred via drain pipes installed in 



sump walls and from trenches cut through the walls (Shannon & Wilson, 2001, Valdez et al., 

@ 1977, Fuller and Kirkwood, 1977). Drilling mud may have also entered Cannikin Lake. 

Surface water, sediment and biological data were collected from these water bodies in 1998 and 

reported in Shannon & Wilson, (2001). Additional sampling to close data gaps, particularly with 

regard to PCBs, was conducted by DOE in 2000 and 2001. The complete dataset was used in the 

production of the human health and ecological risk assessments presented in this document. 



Human Health Risk Assessment 

This human health risk assessment was conducted to determine the types and magnitudes of 

exposures to constituents originating from the drill site mud pits on Amchitka Island, Alaska and 

to determine the potential carcinogenic risks and non-carcinogenic health hazards posed by the 

estimated exposures. The methodologies used in this risk assessment are in accordance with the 

methods prescribed in the following ADEC and USEPA guidance: Risk Assessment Procedures 

Manual (ADEC, 2000c), Cumulative Risk Guidance (ADEC, 2002), Risk Assessment Guidance 

for Superfund, Volume I: Human Health Evaluation Manual, Part A (USEPA, 1989a), and 

USEPA Region 10 Supplemental Risk Assessment Guidance for Superfund (USEPA, 1997b). 

The following sections describe the methodologies that were used in conducting the human 

health risk assessment at the drill sites on Amchitka. 

2. I Identification Of Constituents Of Potential Concern 

The constituents of potential concern (COPCs) for which carcinogenic risks and non- 

carcinogenic health hazards were quantified in the human health risk assessment were identified 

in the Human Health and Ecological Risk Assessment Work Plan, Mud Pif Release Sites, 

Amchitku Island, Alaska (DOE, 2002). The methods used to identify the COPCs were 

consistent with the methods presented in the Risk Assessment Procedures Manual (ADEC, 

2000c), and consisted of first reviewing the available analytical database and then comparing 

these data with appropriate screening criteria. For this risk assessment, the following general 

criteria were used to identify COPCs: 

The constituent was positively identified in at least one sample of a given 
medium; 

The maximum detected concentration of a constituent in a given medium was 
greater than the naturally-occurring background concentration of the same 
constituent; 

The maximum detected concentration of a constituent in a given medium was 
greater than the applicable screening criteria; and 

The constituent was a component of drilling mud or is otherwise associated with 
drilling activities. 



The final criterion was used to assure the inclusion of drilling mud constituents in the risk * assessrnent, but was not used to screen or exclude detected non-drilling mud constituents. 

Naturally-occurring background concentrations of constituents in surface water, sediment and 

fish tissue have been determined by collecting samples from locations on Amchitka Island where 

human activity has been minimal or noncxistent. The results of the background sampling and 

methods for calculating background screening concentrations were reported in the Department of 

Energy 1998 Drill Site Charucterization Report (Shannon & Wilson, 2001). Background 

concentrations in surface water, sediment and fish were determined for inorganic constituents 

only. The background concentrations are upper tolerance limits (U'TLs), unless the constituents 

were not detected in a sufficient number of samples for a valid UTL calculation. In this case, the 

maximum detected background concentration was used for the screening concentration. 

The screening criteria used to identify COPCs in surface water were the Nationul Recommended 

Water Quality Criteria for Toxic Pollutants (USEPA, 1999a), supplemented by one-tenth the 

USEPA Region I11 risk-based values for tap water (USEPA, 2001 a). The screening criterion for 

diesel range organics (DRO) in surface water was one-tenth the State of Alaska groundwater 

a cleanup level (ADEC, 2000b). 

Because there are no generally accepted human health-based screening criteria for sediment, the 

screening criteria used to identify COPCs in sediment were the Method One and Method Two 

Soil Cleanup Levels presented in 18 Alusku Administrative Code (AAC) 75, Articles 3 and 9 of 

the Oil and Hazardous Substances Pollution Control Regulations (ADEC, 2000a). Cleanup 

criteria are presented for different exposure routes including ingestion, inhalation, and migration 

to groundwater. For this assessment the most conservative cleanup criteria for the "under 40- 

inch precipitation zone" (ADEC, 2000a) were used in the COPC identification process. These 

values were supplemented by one-tenth the USEPA Region I11 risk-based concentrations for 

residential soil (USEPA, 2001 a). 

The screening criteria for identifying COPCs in fish tissue were one-tenth the USEPA Region I11 

risk-based screening criteria for fish consumption. The data summaries for each study area and 

the applicable screening criteria were presented in Tables 4-1 through 4-33 in the Human Health 

and Ecological Risk Assessment Work Plun, Mud Pit Releuse Sites, Amchitka Island, Alaska 

(DOE, 2002). Statistical summaries for the COPCs at each of the test sites and drill sites are 

presented in Tables A-1 through A-25 in Appendix A. A summary of the COPCs that were 



identified for each study area and quantitatively assessed in this human health risk assessment is 

presented in Table 2- 1 ofthis risk assarsment. 

2.2 ExposureAssessment 

The objectives of the exposure assessment were to identify potentially exposed populations and 

quantify the type and magnitude of their exposure to COPCs that are present at, or migrating 

from the drill sites, A conceptual site model (CSM) has been developed to aid in the 

identification of contaminant sources, migration routes, and exposure pathways, The CSM is 

presented as Figure 2-1 and discussed below. 

2.2. I Contaminant Sources and Transport Mechanisms 

Drilling muds were historically used in drilling the emplacement andlor exploratory holes at the 

three test sites (Milrow, Long Shot, and Cannikin) and the three drill sites (D, E, and F). The 

boreholes were drilled using methods that employed drilling mud, some of which may have 

contained additives such as diesel fuel, chrome lignosulfonate, and chrome lignite to control 

viscosity and mitigate loss of drilling mud in the boreholes. The drilling mud was commonly 

stored near the drill sites in bermed pits. These mud pits represent historical contaminant sources 

@ 
to the streams and lakes of Arnchitka Island. 

Historical releases from the mud pits at the test sites and the drill sites may have resulted in 

contamination of surface water and sediment in the surface water drainages from these sites. 

These drainages include the following surface water bodies: 

Heart Lake 

Clevenger Creek 

Bridge Creek 

Rainbow Creek 

Cloudberry Creek 

Reed Pond 

Long Shot Pond 

White Alice Creek 

Cannikin Lake 

Unnamed Lake at Site D 

Falls Creek 



Limpet Creek 

Site E Stream 

Potential migration mechanisms for contaminants in impacted media include surface water and 

sediment transport, sediment deposition, adsorption/desorption, sediment resuspension, uptake 

by aquatic plants, bioaccumulation into aquatic organisms, and trophic transfer via the food web. 

Surface water bodies have the potential to transport contaminants downstream to other areas of 

the streams or off-site to the marine environment. Although the potential exists for the transport 

of contaminants to the marine environment, contaminants are unlikely to remain in close 

proximity to Amchitka. The high-energy environment of the coastline, combined with the lack 

of depositional areas, precludes the deposition of site-related contaminants along the shoreline. 

Rapid transportation f'rom the near vicinity of the island by strong ocean currents and thorough 

mixing and dilution of site-related contaminants in the marine environment render their 

concentrations insignificant in the marine environment. 

Sediment and surface water data from the furthest downstream sampling stations on the eight @ creeks investigated indicate that very few constituents are present above the screening levels 

(Tables 2-2 through 2-5); thus, concentrations would be expected to be even lower further from 

the drilling mud pits near the marine environment. 

The potential transport of PCBs to the marine environment is a concern since PCBs could 

bioaccumulate in the marine food chain. Sediment samples collected at the lowest reaches of 

Clevenger Creek and Rainbow Creek, in littoral habitat, were analyzed for PCBs and found to 

have no detectable levels of PCBs (Table 2-6). Sampling attempts at the mouths of the streams 

in 2001 indicated that the predominant sediment types were coarse gravel with cobble-sized 

material. Thus, significant migration of PCBs or drilling mud associated contaminants is not 

expected, and migration to the marine environment is not addressed further in this risk 

assessment. 

Contaminants that are water soluble are most easily transported; these are principally metals. 

Contaminants that strongly adsorb to sediment or organic matter may be transported as 

suspended particulates; such transport is most prevalent in fast-flowing waters or during high- 

@ water events. Suspended particulates with adsorbed contaminants may deposit to the sediment 



bed in areas of low energy. Transport routes would follow the predominant surface water flow 

patterns. 

Fish, shellfish, or other organisms living in the surface water bodies of Arnchitka Island may 

bioaccumulate site-related contaminants. Organic compounds generally bioaccumulate to a 

greater degree than inorganics. Though many metals show a potential for trophic transfer via 

uptake from food, they do not result in biomagnification (USEPA, 2000a), Arsenic and methyl 

mercury are metals that have shown the potential to biomagnify (Suedel, 1994). Of the fifteen 

metals that are addressed in the Final Water Quality Guidancef~r the Great Lakes System 

(USEPA, 1999, only mercury is listed as a bioaccumulative chemical of concern. Chromium, 

which is associated with drilling mud, is listed as not bioaccumulative. PoIycyclic aromatic 

hydrocarbons (PAH) and polychlorinated biphenyls (PCB) have high octanol-water partitioning 

coefficients (K,,) and correspondingly high bioconcentration factors (BCF). PCBs, in particular, 

have the potential to be biotically transferred through the food chain. Higher trophic level 

organisms are unlikely to accumulate PAHs because they possess mechanisms for metabolism 

and excretion of PAHs and their metabolites, Certain contaminants in surface water and 

sediment could be expected to bioaccumulate in invertebrates and fish. e 
Aquatic plants may accumulate contaminants via uptake from surface water and sediment. 

Plants are more prone to accumulate metals than high molecular weight organics (Travis and 

Arms, 1988; Baes, et al., 1984; USEPA, 1999b); therefore, uptake of metals by plants was 

considered a viable migration pathway. 

Volatilization was considered to be an insignificant migration pathway. Volatilization directly 

from sediments is minimal due to the low volatilization potential of the constituents detected in 

sediment (low vapor pressures) and the overlying water column. Volatilization from surface 

water is a potential migration pathway; however, no organic compounds were detected in surface 

water except for diesel-range organics. In general, most of the compounds detected in sediment 

had low vapor pressures (Table 2.7) A Henry's Law Constant value greater than 1 o - ~  
atmospheres-cubic meter per mole (atrn-m3/mol) is often used to indicate those chemicals for 

which the inhalation pathway and volatilization from water is considered for human health risk 

assessments (EPA, 1986). Thus, low molecular weight PAHs with higher vapor pressures could 

volatilize if available at the air-water interface. However, since the applicable organics were 

detected in sediment and not in surface water, any partitioning from sediment to surface water 

and subsequent volatilization to the atmosphere would result in insignificant air concentrations 



that would quickly dissipate in the open air under the environmental conditions present at 

Amchitka. 

2.2.2 Potentially Exposed Populations 

The U.S. Army, U.S. Air Force, Atomic Energy Commission (AEC), and the US, Navy have 

utilized Amchitka periodically since the early days of World War 11. The island is currently 

unoccupied and is part of the Alaska Maritime National Wildlife Refuge. The refuge is under the 

jurisdiction of the U.S. Fish and Wildlife Service (USFWS). Although public access to 

Amchitka is officially restricted, crew members from passing ships have been known to ignore 

the restrictions and go ashore for brief periods. Researchers and other personnel from the 

USFWS occasionally visit the island, but generally, for brief periods of time. It is also possible 

that Aleut subsistence fishermen andlor hunters could visit the island for relatively short periods 

of time. 

Based on these past land uses and the expected future uses of the island, there are two potentially 

exposed populations at Amchitka: 

USFWS workerslresidents and 

part-time subsistence users. 

Although trespassers may spend short periods of time on the island, the duration and magnitude 

of their exposures is expected to be less than either the on-site workers or the subsistence users; 

therefore, exposures for trespassers were not quantified in this assessment. 

2.2.3 Identification of Exposure Path ways 

USFWS workers and other authorized researchers from other organizations may work on 

Amchitka from time to time. Some of these personnel may reside on ships during their work 

assignments or they may establish on-site living quarters. During their work assignment period 

these workers may also engage in recreational fishing activities. The exposure pathways by 

which these workers could come in contact with site-related contaminants are the following: 

ingestion of fish; 

direct contact with surface water; and 

direct contact with sediment. 



Incidental ingestion of surface water and sediment are also considered complete exposure 

pathways for the USPWS worker, but the magnitude of these two exposure pathways is expected 

to be insignificant compared to the other pathways and will not be quantified in this assessment. 

Constantine Spring is the island's main source of potable water and is likely used by USFWS 

workers who reside on Amchitka for an extended period. Ingestion of groundwater from 

Constantine Spring is not considered a viable exposure pathway because Constantine Spring is 

not impacted by drill site activities. Groundwater samples collected in 1993 in the areas of the 

Cannikin, Milrow, and Long Shot tests were not found to have drilling mud-related contaminants 

(DOEDJV, 1994). 

Although soil samples were only collected near surface ground zero (SGZ) and not in relation to 

the drilling mud sites, visual assessment of the sites indicated that, besides the pits themselves, 

contamination from the drilling pits would most likely affect the streams and ponds related to the 

pits and not the surrounding soils (Shannon & Wilson, 2001). Therefore, exposures to surface 

soil (incidental ingestion, inhalation, dermal contact) were not considered viable exposure 

a pathways because soil has not been shown to be significantly impacted from drill site activities. 

Aleut subsistence fishermen and hunters may utilize the island as a source of food from time to 

time. Their potential exposures consist of the activities that they engage in while on the island 

and also the consumption of food items that they collect from the island. This exposure scenario 

assumed a subsistence fishermanlhunter travels to hisher home and consumes the food gathered 

on the island, Child exposures were also estimated for the children at home who consume the 

food gathered on Arnchitka, but do not travel to the island, The exposure pathways by which 

these part-time subsistence users could come in contact with site-related contaminants are the 

following: 

ingestion of fish; 

incidental ingestion of surface water; 

direct contact with surface water; 

incidental ingestion of sediment; and 

direct contact with sediment. 

As is the case with the USFWS worker, ingestion of groundwater from Constantine Spring was 

not considered a viable exposure pathway because Constantine Spring is not impacted by drilling 



activities. Additionally, exposures to surface soil (incidental ingestion, inhalation, dermal 

contact) were not considered viable exposure pathways Decause soil has not been shown to be 

significantly impacted from mud pit releases (DOE/NV, 1994). 

2.2.4 Exposure Path way Dosage Estimates 

Environmental medium-specific exposure algorithms have been developed for each of the 

identified exposure pathways. These exposure algorithms were used to estimate the chronic 

daily intake (CDI) of COPCs by receptor populations (i.e., on-site workers or subsistence users). 

For each exposure activity, the CDI, expressed as mgkglday, is an averaged daily dose of a 

COPC ingested or absorbed by a receptor. The averaged dose received by a receptor is the 

critical point estimate for determining the extent of health risklhazard associated with exposure 

to each COPC. The exposure parameters that influence receptor intake or absorption of COPCs, 

including exposure duration and frequency, can and do vary in the exposure algorithms used to 

estimate the CDI by different exposure routes to the same medium. For each identified pathway, 

a reasonable maximum exposure (RME) scenario has been developed. The exposure parameters 

used in the RME assessments were upper-bound (90 to 95th percentile) point estimates for each 

parameter and present a maximal conservative exposure assessment. The parameters that were 

used to quantify exposures in the human health risk assessment are presented in Tables 2-8 and 

2-9. The algorithms for each complete exposure pathway are presented in the following sections. 

Site-specific exposure assumptions for the USFWS personnel exposure scenario were based on 

the following rationale, The exposure duration of 1.5 years was based on the average tour-of- 

duty for military personnel on Amchitka Island. The exposure frequency (365 days per year) 

was based on the conservative assumption that the workers' daily activities would result in 

exposure to surface water, sediment, and fish. It was further assumed that the USFWS personnel 

stationed on Amchitka would engage in recreational fishing and would ingest a portion of the 

fish caught recreationally. The fish ingestion rate for USFWS personnel (0.0068 kglday) was the 

951h percentile value of fish intake for recreational anglers in the Pacific region of the United 

States. The surface water exposure time (10 hours per day) was based on the assumption that 

certain activities conducted by USFWS personnel would require constant contact with surface 

water over an entire day. The sediment adherence factor (0.32 mg/cm2) was based on the 

measured soil adherence factor for rugby players in wet soil, which most closely represents 

conditions USFWS personnel may encounter with sediment on Amchitka. 

Site-specific exposure assumptions for the part-time subsistence fishermunter exposure scenario 



were based on the following rationale. The adult exposure duration of 30 years was the 9 ~ ' ~  @ percentile ofthe duration an adult remains at a certain place of employment While this exposure 

duration may not be directly applicable to subsistence exposures, it was a reasonable estimate for 

the number of years an individual could be expected to travel, to Amchitka and be involved in 

subsistence activities. The exposure frequency of 18 days per year was based on the assumption 

that the subsistence user visits Amchitka every other month and stays for 3 days each time helshe 

visits the island. The surface water exposure time (8 hours per day) was based on the assumption 

that the activities in which a subsistence fisherlhunter would be involved would entail constant 

contact with surface water. The fish ingestion rate for subsistence users was based on the salmon 

and non-salmon ingestion rates for the Aleutian-Pacific region presented in Insert 4.3.1.6 Alaska 

Speclfzc Exposure Scenarios (Public Review Draft, 1998). This guidance presented a total 

salmon and non-salmon ingestion rate of 360 grams per day for adults and 77 grams per day for 

children. It was further assumed that 10 percent of the total fish ingested by any given individual 

would originate from Amchitka Island. 

Based on a recommendation made by ADEC during the January 15,2002 comment resolution 

conference call, a review was conducted of subsistence fish ingestion rate data in the Alaska 

Community Profile Database (ADFG, 2000). The mean fish ingestion rate for ten communities 

represented by the Aleutian Pribilof Island Association for which there are data was 240 grams 

per day, and the 95% upper confidence limit (UCL) of the average was 296 grams per day. 

Excluding the data for Saint George, which had a low fish consumption rate, the mean value was 

262 grams per day, and the 95% UCL was 321 grams per day, Therefore, 360 grams per day is a 

conservative estimate of subsistence fish consumption and was deemed appropriate for use in 

this risk assessment. 

2.2.4.1 Exposure Point Concentrations 

For quantitative human health risk assessments, the concentration term (exposure point 

concentration) in the exposure equations is an estimate of the arithmetic average concentration 

for a contaminant based on a set of sampling results. Because of the uncertainty associated with 

estimating the true average concentration at a site, the 95 percent upper confidence limit (UCL) 

of the arithmetic mean is used for this variable. The 95 percent UCL provides reasonable 

confidence that the true site average concentration will not be underestimated. 



To calculate the 95 percent UCL of the arithmetic mean for a log-normally distributed data set, * the data were transformed using the natural logarithm function. Afier transforming the data, the 

95 percent UCL for the data set was calculated using the following steps: 

Calculate the arithmetic mean of the log-transformed data; 

Calculate the standard deviation of the log-transformed data; 

Determine the H-statistic (Gilbert, 1987); and 

Calculate the UCL using the following equation: 

where: 

UCL = upper confidence limit; 

e = base of the natural log, equal to 2.71 8; 

8 = arithmetic mean of the log transformed data; 

s = standard deviation of the log transformed data 

H = H-statistic (from Gilbert, 1987); and 

n = number of samples. 

If the 95 percent UCL concentration was greater than the maximum detected concentration, then 

the maximum detected constituent concentration was used to represent the exposure point 

concentration of the particular contaminant. In the derivation of the above statistics, one-half of 

the analytical detection limit was used for all samples with non-detectable concentrations of a 

given constituent. Summaries of the exposure point concentrations for each of the COPCs at the 

various drill sites and test sites are presented in Tables A-1 through A-25 in Appendix A. 

2.2.4.2 Ingestion of Fish 

The CDI of constituents due to ingestion of fish caught on the island by on-site workers and part- 

time subsistence users was calculated by the following formula: 

Cfish x J / R ~ , ~ ~  x CF x ABLY x EF x ED 
cDI,fi.vh = 

B W x A T  



where: 

CC7DIJiSh 

Cfish 

IR~ish 
CF 

A BS 

EF 

ED 

BW 

A T= 

= Chronic daily intake of fish (mglkg-day); 

= Constituent concentration in fish (mglkg); 

= Ingestion rate of fish (kglday); 

= Conversion factor (1.0); 

= Absorption factor (1.0, unitless); 

= Exposure frequency (dayslyr); 

= Exposure duration (years); 

= Body weight (kg); and 

Averaging time (days). 

It should be noted that although fish tissue samples have been collected from several streams and 

ponds associated with the drill sites, the vast majority of the fish collected were very small in 

size (1 to 6 inches in total length) and not reasonably considered large enough for human 

consumption. The potential exposure pathway for human consumption of fish in the majority of 

the streams and ponds is incomplete. The only water body that supports fish of sufficient size for 

human consumption is Cannikin Lake. Therefore, for this risk assessment, human health risks 

from ingestion of fish were estimated for Cannikin Lake only. 

2.2.4.3 Ingestion of Surface Water 

The CDI of constituents due to incidental ingestion of surface water on the island by part-time 

subsistence users was calculated by the following formula: 

csw x x ABS x EF x ED 
CDIsw = 

B W x A T  

where: 

CDIsw 

csw 
IRsw 
ABS 

EF 

ED 
BW 

AT = 

= Chronic daily intake of surface water (mg~kg-day); 

= Constituent concentration in surface water (rng/L); 
= Ingestion rate of surface water (Llday); 

= Absorption factor ( I  .O, unitless); 

= Exposure frequency (daylyr); 

= Exposure duration (years); 

= Body weight (kg); and 

Averaging time (days). 



2.2.4.4 Direct Contact With Surface Water 

The CDI of constituents due to absorption of contaminants in surface water via direct dermal 

contact by on-site workers and part-time subsistence users was calculated by the following 

formula: 

C , ' s w ~ S A x P C x E T x E F x E D x C F  cmsw = 
B W x A T  

where: 

CDISW = Chronic daily intake of surface water (mglkg-day); 

CSW = Constituent concentration in surface water (mg/L); 

SA = Surface area of skin exposed to surface water (cm2); 

PC = Dermal permeability constant (crnhour); 

ET = Exposure time (hoursfday); 

EF = Exposure frequency (daylyr); 

ED = Exposure duration (years); 

CF = Conversion factor ( 1 , O  x 1 ~lcm");  

BW = Body weight (kg); and 

AT = Averaging time (days). 

2.2.4.5 Ingestion of Sediment 

The CDI of constituents due to incidental ingestion of sediment on the island by part-time 

subsistence users was calculated by the following formula: 

CSI!d x x CF x ABS x EF T x  ED 
CDI.7t.d = 

B W x A T  

where: 

C D I S ~ J  = Chronic daily intake (mglkg-day); 

0 CLyed = Constituent concentration in sediment (mglkg); 

IRsed = Ingestion rate of sediment (kglday); 



CF = Conversion factor (1.0 x 1 O4 kglmg); 

ABS = Absorption factor (1 .O, unitless); 

EF = Exposure frequency (days/yr); 

ED = Exposure duration (years); 

B W = Body weight (kg); and 

AT = Averaging time (days). 

2.2.4.6 Direct Contact With Sediment 

The CDI of constituents due to absorption of contaminants in sediment via direct dermal contact 

by on-site workers and part-time subsistence users was calculated by the following formula: 

where: 

CDIse* 

Csed 
SA 

ABS 

AF 

EF 

ED 

CF 

BW 

AT = 

= Chronic daily intake (mgkg-day); 

= Constituent concentration in sediment (mgkg); 

= Surface area of skin exposed to sediment (cm2/day); 

= Dermal absorption factor (unitless); 

= Sediment-to-skin adherence factor (rng/cm2); 

= Exposure frequency (dayslyr); 

= Exposure duration (years); 

= Conversion factor ( I  .0 x 10-%g/mg); 

= Body weight (kg); and 

Averaging time (days). 

The estimated chronic daily intakes for the part-time subsistence users and USFWS workers at 

the various test sites and drill sites are presented in Tables A-26 through A-42 in Appendix A. 

2.3 Toxicity Assessment 

The toxicity assessment weighs the available evidence regarding the potential for particular 

constituents to cause adverse effects in exposed individuals (receptors) and provides, where 

possible, an estimate of the relationship between the extent of exposure to a constituent and the 

increased likelihood and/or severity of induced adverse health effects. Two broad categories of @ chemically-induced disease states are evaluated in the toxicity assessment of each identified 



* constituent: carcinogenic effects; and non-carcinogenic effects. 

As the exposure assessment attempts to define the chronic lifetime dosage of COPCs received by 

an individual in a given scenario, the toxicity assessment links adverse effects associated with 

exposure to the particular COPC. Establishing an association between exposure to a constituent 

with possible adverse effects is the major tenet of toxicology, The dose received determines the 

magnitude of any anticipated adverse effects related to the constituent's inherent toxicity. 

Toxicity values are used in risk characterization to quantify the probability of observing cancer 

and non-cancer effects in a potentially exposed population. Two types of toxicity values are used 

to express a COPC's dose-response-effect relationship: 

A slope factor (SF) for estimating the likelihood of carcinogenic effects; and 

A reference dose ( R D )  or reference concentration (RfC) for estimating possible 
non-carcinogenic effects. 

In generaI, SF and RfD values, expressed in the units of (mgkg-day)" and mglkg-day, 

respectively, are derived from long-term animal studies and incorporate uncertainty factors to 

compensate for extrapolation of observed adverse effects in laboratory animals to estimate 

possible adverse effects in humans. If adequate human data from epidemiological studies are 

available, these data are used to reduce uncertainty in deriving toxicity values. 

2#3.1 Toxicity Assessment for Carcinogenic Effects 

For carcinogens, risks are estimated as the incremental probability of an individual developing 

cancer over a lifetime as a result of exposure to the potential carcinogen (i.e., incremental or 

excess individual lifetime cancer risk). Based on the extent to which a constituent has been 

shown to be a carcinogen in animal studies, in humans, or in both, the agent is given a 

provisional weight-of-evidence classification. USEPA's current classification of the overall 

weight of evidence has the following five categories: 

Group A: Human Carcinogen - Sufficient evidence from epidemiological 
studies substantiated by causal association between exposure and 
carcinogenicity. 

Group B1: Probable Human Carcinogen - Limited evidence of 
carcinogenicity in humans from available epidemiological data. 



Group B2: Probable Human Carcinogen - Sufficient evidence of 
carcinogenicity in animals, but inadequate or no evidence in humans. 

Group C: Possible Human Carcinogen - Limited evidence of carcinogenicity 
in animals. 

Group D: Not Classified - Inadequate evidence of carcinogenicity in animals 
to support classification. 

Group E: Not a Human Carcinogen - No evidence of carcinogenicity in at 
least two adequate animal tests in different species or in both epidemiological 
and animal studies, 

Based on the evidence that a constituent is a known or probable human carcinogen, a toxicity 

value that defines a quantitative relationship between dose and response (i.e., cancer slope factor) 

is calculated by the USEPA. A slope factor (SF) converts estimated daily intakes averaged over 

a lifetime of exposure directly to incremental risk of an individual developing cancer. The 

carcinogenic slope factors for the identified COPCs are presented in Table 2-10. 

2.3.2 Toxicity Assessment of Non-Carcinogenic Effects 

A chronic reference dose (RfD) or reference concentration (RfC) is an estimate of the daily 

exposure to a human population, including sensitive subpopulations, that is unlikely to cause an 

increased incidence of deleterious health effects during a lifetime of exposure. Chronic RfD or 

RfC values are specifically developed to be protective for long-term exposure to a constituent. 

Two toxicity assessment terms are used to characterize low dose exposure effects. The no- 

observed-adverse-effect-level (NOAEL) is an exposure level where there are no statistically or 

biologically significant increases in the frequency or severity of adverse effects in the exposed 

population. The lowest-observed-adverseeffect-level (LOAEL) is the lowest exposure dose in a 

dose-response experiment at which there are statistically or biologically significant increases in 

severity or frequency of adverse effects in the exposed population, 

In arriving at RfD or R E  toxicity values, the NOAEL or LOAEL is divided by additional factors 

to account for uncertainties in extrapolation from subchronic to chronic exposures and from 

uncertain species-to-species toxicity relationships. These uncertainty factors can range from 1 to 

10,000. 



The toxicity assessment component of this human health risk assessment was mainly dependent @ upon the use ofllSEPA-derived toxicity valuer. The resource hierarchy for selection of the most 

current and appropriate toxicity values was, in descending order: 

Integrated Risk Information System (IRIS), an on-line database maintained by the 
USEPA; 

Health Effects Assessment Summary Tables (HEAST), published annually by the 
USEPA; 

ATSDR toxicological profiles, constituent-specific literature reviews of the 
use/production, chemical properties, toxicology, analytical methodology, and 
regulatory status of a constituent; and 

USEPA Environmental Criteria and Assessment Office (ECAO) guidance 
documents, general toxicology information, extrapolations, and guidance for 
constituents without toxicity values, 

In addition, the non-carcinogenic reference doses for diesel range organics and gasoline range 

organics were referenced from the Cumulative Risk Guidance (ADEC, 2002). The non- 

m carcinogenic toxicity data for the identified COPCs arc presented in Table 2-1 1. 

2.3.3 Derivation of Dermal Toxicity Values 

Because there are few, if any, toxicity reference values for dermal exposure, oral values are 

frequently used to assess risks from dermal exposure. Most RfDs and some slope factors are 

expressed as the amount of substance administered per unit time and unit body weight, whereas 

exposure estimates for the dermal route of exposure are expressed as absorbed doses. Thus, for 

dermal exposure to contaminants, it may be necessary to adjust an oral toxicity value from an 

administered to a dermally-absorbed dose. The methodology used to adjust oral toxicity values 

to dermally-absorbed toxicity values is presented in Appendix A of the USEPA's Risk 

Assessment Guidance for Superfund, Humun Health Evaluation Manual: Part A (USEPA, 

1989a). 

In order to adjust oral toxicity values to dermal toxicity values, the orally-administered 

absorption efficiency must be known, This information is available for some constituents in their 

respective toxicological profiles prepared by ATSDR or in the IRIS database. As suggested by 

the USEPA in their Supplementul Guidance, Dermal Risk Assessment (USEPA, 1998), 

@ adjustment of oral slope factors and reference doses to account for dermally-absorbed doses 



should only be performed when the gastrointestinal (GI) absorption of a given chemical is * determined to be significantly less than 100 percent For this assessment, a cut-off value of 50 

percent was used. Constituents with GI absorption efficiencies of greater than 50 percent were 

assessed using the oral toxicity values for dermal exposures. The following relationship was 

used to adjust the oral toxicity values to demally-absorbed toxicity values when the GI 

absorption efficiency of a given constituent was determined to be less than 50 percent: 

where: 

Rfoderm = dermally absorbed non-cancer reference dose; 

RfDoral = orally administered non-cancer reference dose; 

AE,,-,l = absorption efficiency of orally-administered dose; and 

CSF ,),I 
CSFdernt  = - 

A El,rOr 

where: 

CSFderm = dermally absorbed cancer slope factor; 

CSF,,,l= orally-administered cancer slope factor; and 

AEorul = absorption efficiency of orally-administered dose. 

2.4 Risk Characterization 

The risk characterization combines the information presented in the Exposure Assessment with 

the information presented in the Toxicity Assessment to describe the type and magnitude of 

potential carcinogenic risks and non-carcinogenic hazards due to exposure to contaminants 

originating from the drill sites on Amchitka Island. The magnitude and types of risks depend on 

the nature, duration, and frequency of exposure to COPCs, and the characteristics of the exposed 

populations. 



* 2.4. f Characterization of Carcinogenic Effects 

For carcinogens, risks are estimated as the incremental probability of an individual developing 

cancer over a lifetime as a result of exposure to the potential carcinogen (i.e., excess individual 

lifetime cancer risk). 

Based on the evidence that a constituent is a known or probable human carcinogen, a toxicity 

value that defines a quantitative relationship between dose and response (i.e., SF) is calculated. 

A SF converts estimated daily intakes averaged over a lifetime of exposure directly to 

incremental risk of an individual developing cancer. A critical assumption of this approach is 

that the dose-response relationship is a linear relationship in the low-dose portion of the dose- 

response curve. Under this assumption, the SF is a constant and risk will be directly related to 

intake. Thus, the linear form of the carcinogenic risk equation is usually applicable for 

estimating site risks. 'This linear low-dose equation is defined as: 

Risk = CDI x SF 

where: 

Risk = a unitless probability (e.g., 1 x of an individual developing cancer over a 

lifetime; 

CDI = chronic daily intake averaged over 70 years (mglkg-day); and 

S F  = slope factor, expressed in (mglkg-day)-'. 

The aggregate carcinogenic risk from exposure to several constituents is calculated by 

summation of the individual cancer risks for each constituent in each appropriate exposure 

pathway and then summing the total carcinogen risk for all relevant exposure pathways. 

where: 

 risk^ = the total cancer risk, expressed as a unitless probability; and 

Riskij = the risk estimate for the iLh constituent in the jth exposure medium pathway. 



@ 
The resultant summation of constituent-specific cancer risks is a very conservative upper bound 

estimatc of cancer risk for the following reason. Each SF is an upper 95Ih percentile estimate of 

potency, and because percentiles of probability distributions are not strictly additive, the total 

cancer risk estimate becomes more conservative as the number of cancer risk estimates are 

summed. However, this method is used to ensure that carcinogenic risks will not be 

underestimated. 

2.4.2 Characterization of Non-Carcinogenic Effects 

A chronic RfD or RfC is an estimate of the daily exposure to a human population, including 

sensitive subpopulations, that is unlikely to cause an increased incidence of deleterious health 

effects during a lifetime of exposure. Chronic RfD or R E  values are specifically developed to 

be protective for long-term exposure to a constituent. 

For non-carcinogenic constituents, the measure used to describe the potential for non-carcino- 

genic toxicity to occur in an individual is evaluated by comparing the estimated exposure level 

over a specified time period (e.g., lifetime) with the appropriate non-cancer toxicity value (i.e., 

e RfD or R E ) .  

This ratio of exposure to toxicity is called a non-cancer hazard quotient (HQ): 

CDI 
H e = -  

R f o  

where: 

HQ = hazard quotient; 

CDI = chronic daily intake (mglkg-day); and 

RjD = Reference dose (mg/kg-day). 

The non-carcinogenic hazard quotient assumes that there is a level of exposure (e.g., RfD or 

R E )  below which it is unlikely for even sensitive subpopulations to experience adverse health 

effects. 

For assessing the health impacts of several non-carcinogenic constituents, RfDs or RfCs are 

@ compared to exposure-specific intake rates of each COPC. A summation of these hazard 

quotients is termed the hazard indcx (HI). The aggregate HI is expressed as: 



where: 

HIT = total hazard index for cumulative exposure scenarios for an individual; 

k = klh exposure pathway; 

CDG = chronic daily exposure for the jth constituent in each exposure medium; and 

RfDi = Reference dose for the j" constituent. 

If this ratio of the daily intake to the RfD or RfC exceeds 1.0 (unity) for the defined exposure 

scenario, this provides an indication that the exposed receptor may be subject to an adverse 

health impact and that further investigation should be undertaken. If the ratio is below unity, 

then it is generally assumed that no adverse impact to human health has or will occur. 

The HI approach does have limitations and should be interpreted carefully based on the known 

aspects of additive toxic effects from exposure to mixtures of chemicals. First, because both the @ HQ and ill are ratios, atler unity has been exceeded, the magnitude of the index has little bearing 

on the potential severity of adverse effects that may be anticipated. An HI of five does not 

indicate the non-cancer hazard is greater than a HI of three, Secondly, it is generally 

inappropriate to sum non-cancer hazard quotients for constituents that do not have similar toxic 

modes of action or that do not affect the same organ system. However, for the sake of 

conservatism, hazard quotients in this risk assessment were summed, regardless of target 

organlsystem, to estimate a total cumulative hazard index. If the estimated hazard index 

exceeded unity (1.0), then it was apportioned by the target organslsystems affected by the various 

non-carcinogenic COPCs. 

Petroleum hydrocarbons are a complex mixture of many different chemicals. As such, the 

individual components of the petroleum mixtures are assessed quantitatively and included in 

cumulative carcinogenic risk and non-carcinogenic hazard estimates. However, the petroleum 

mixtures (i.e. diesel range organics and gasoline range organics) are not included in the 

cumulative risk and hazard estimates per ADEC guidance (ADEC, 2002). ADEC guidance 

suggests that calculating cumulative risks and hazards for individual components of petroleum 

hydrocarbons, in addition to other contaminants on-site, is protective of the cumulative 



e riskshazards from petroleum exposure. 

2.4.3 Interpretation of Calculated Cancer Risk and Non-Cancer Hazard Quotients 

Current USEPA guidance indicates that a site presents acceptable risk if the calculated cumula- 

tive cancer risk to a potentially exposed population is within the range of 1 in 10,000 to 1 in 

1,000,000 (1.0 x 1 e4 to 1.0 x lo-') and the acceptable HI for non-cancer adverse health effects is 

less than 1 .O (USEPA, 1991a). Per ADEC guidance, action may be warranted at a site if the 

cumulative carcinogenic risk is greater than 1 in 100,000 (1 x 1 oV5) or if the cumulative non- 

carcinogenic HI is greater than 1 .O. However, under certain circumstances, "...the department 

will, in its discretion, consider a risk standard consistent with the range acceptable under 40 CFR 

300.430, revised as of July 1,2002 ..." (ADEC, 2002). The risk range specified under 40 CFR 

300.430 is an excess cancer risk of 1 in 10,000 to 1 in 1,000,000. 

2.4.4 Calculated Carcinogenic Risks 

Carcinogenic risks were calculated for the USFWS worker and the part-time subsistence user at 

each of the test sites and drill sites. The calculated carcinogenic risks for the USFWS worker 

were based on the following exposures: 

ingestion of fish; 

direct contact with surface water; and 

direct contact with sediment. 

The calculated carcinogenic risks for the part-time subsistence users were based on the following 

exposures: 

ingestion of fish; 

incidental ingestion of surface water; 

direct contact with surface water; 

incidental ingestion of sediment; and 

direct contact with sediment. 

Carcinogenic risks for each test site and drill site are presented in Tables A-26 through A-42 in * Appendix A and are summarized in TabIes 2-12 through 2-22. 



e Falls Creek (Drill Site D). Carcinogenic risks for USFWS workers and part-time subsistence 

users at Falls Creek (Drill Site D) were calculated to be 1 x 1 0-7 and 2 x respectively. These 

calculated risks were largely due to dermal absorption of aroclor-1260 in sediment (Table 2-12). 

Drill Site D Lake (Drill Site D). Carcinogenic risks were not calculated for either the USFWS 

workers or part-time subsistence users because no carcinogenic COPCs were identified at Drill 

Site D Lake (Table 2- 13). 

Drill Site E Stream (Drill Site E). Carcinogenic risks were not calculated for either the 

USFWS workers or part-time subsistence users because no carcinogenic COPCs were identified 

at Drill Site E Stream (Table 2-14). 

Bridge Creek (Long Shot Site). Carcinogenic risks were not calculated for either the 

USFWS workers or part-time subsistence users because no carcinogenic COPCs were identified 

in Bridge Creek (Table 2-1 5). 

Reed Pond (Long Shot Site). Carcinogenic risks were not calculated for either the USFWS 

workers or part-time subsistence users because no carcinogenic COPCs were identified in Reed 

Pond (Table 2-16). 

Cloudberry Creek (Long Shot Site), Carcinogenic risks for USFWS workers and part-time 

subsistence users at Cloudberry Creek (Long Shot Site) were calculated to be 7 x 1 0 ' k d  

4 x lom7, respectively. All of the risk to the USFWS worker was attributable to dermal absorption 

of beryllium in sediment. The majority of the risk to part-time subsistence users was attributable 

to ingestion of beryllium in sediment (Table 2-17). 

Rainbow Creek (Long Shot Site). Carcinogenic risks for USFWS workers and part-time 

subsistence users at Rainbow Creek (Long Shot Site) were calculated to be 7 x lo-' and 1 x lo", 

respectively. All of the risk to the USFWS worker was attributable to dermal absorption of 

Aroclor-1260 in sediment. The majority of the risk to part-time subsistence users was 

attributable to dermal absorption of Aroclor- 1260 in sediment (Table 2- 1 8). 

Clevenger Creek (Milrow Site). Carcinogenic risks for USFWS workers and part-time 

subsistcnce users at Clevenger Creek (Milrow Site) were calculated to be 5 x and 4 x lom7, 



@ 
respectively. All of the risk to the USFWS worker was attributable to dermal absorption of 

arsenic in surface water. The majority of the risk to part-time subsistence users was attributable 

to ingestion of arsenic in surface water (Table 2-19). 

Heart Lake (Milrow Site). Carcinogenic risks were not calculated for either the USFWS 

workers or part-time subsistence users because no carcinogenic COPCs were identified in Heart 

Lake (Table 2-20). 

Cannikin Lake (Cannikin Site). Carcinogenic risks for USFWS workers at Cannikin Lake 

were calculated to be 4 x Carcinogenic risks for part-time subsistence users at Cannikin 

Lake (Cannikin Site) were calculated to be 1 x loT5 (adults) and 2 x 1 0-6 (children), respectively. 

The majority of the risks to the USFWS workers were attributable to dermal absorption of 

arsenic in surface water. The majority of the risks to the part-time subsistence users (adults and 

children) were attributable to ingestion of aroclor-1260 in fish tissue (Table 2-21). 

White Alice Creek (Cannikin Site). Carcinogenic risks for USFWS workers and part-time 

subsistence users at White Alice Creek (Cannikin Site) were calculated to be 3 x 10" and @ 9 x respectively. The majority of the risks to the USFWS workers were attributable to 

dermal absorption of arsenic in sediment. The majority of the risk to part-time subsistence users 

was attributable to ingestion of arsenic in sediment (Table 2-22). 

As presented in the preceding paragraphs and Tables 2-12 through 2-22, all of the carcinogenic 

risks for both the USFWS workers and part-time subsistence users were estimated to be within, 

or less than, the USEPA'S recommended risk range of 1.0 x 1 O4 to 1.0 x 1 OT6 and the State of 

Alaska's regulatory limit of 1 x 1 0-5, 

2.4.5 Calculated Non-Carcinogenic Hazards 

Non-carcinogenic hazards were calculated for the USFWS worker and the part-time subsistence 

user at each of the test sites and drill sites. The calculated non-carcinogenic hazards for the 

USFWS worker were based on the following exposures: 

ingestion of fish; 

direct contact with surface water; and 

direct contact with sediment. 



The calculated non-carcinogenic hazards for the part-time subsistence users were based on the 

following exposures: 

ingestion of fish; 

incidental ingestion of surface water; 

direct contact with surface water; 

incidental ingestion of sediment; and 

direct contact with sediment. 

Non-carcinoge~ic hazards for each test site and drill site are presented in Tables A-26 through 

A-42 in Appendix A and summarized in Tables 2-12 through 2-22. 

Falls Creek (Drill Site D). Non-carcinogenic hazards for USFWS workers and part-time 

subsistence users at Falls Creek (Drill Site D) were calculated to be 9.23 x 1 0-2 and 3.95 x 1 o - ~ ,  
respectively, These calculated hazards were largely due to dermal absorption of hexavalent 

chromium in surface water (Table 2-12). Exposure to diesel range organics (DRO) in sediment 

presented non-carcinogenic hazards of 1.15 x 10.' and 8.75 x 1 OA4 to USFWS workers and part- 

time subsistence users, respectively. 

Drill Site D Lake (Drill Site D). Non-carcinogenic hazards for USFWS workers and part-time 

subsistence users at Drill Site D Lake (Drill Site D) were calculated to be 4.82 x lo-' and 

2.57 x respectively. These calculated hazards were largely due to dermal absorption of 

hexavalent chromium in sediment (Table 2-1 3). Exposure to diesel range organics (DRO) in 

sediment presented non-carcinogenic hazards of 9.52 x 10" and 7,26 x lo4 to USFWS workers 

and part-time subsistence users, respectively. 

Drill Site E Stream (Drill Site E). Non-carcinogenic hazards for USFWS workers and part- 

time subsistence users at Drill Site E Stream (Drill Site E) were calculated to be 4.58 x loL6 and 

3.50 x lo"', respectively. These calculated hazards were largely attributable to dermal absorption 

of phenanthrene in sediment (Table 2-14), Exposure to diesel range organics (DRO) in sediment 

presented non-carcinogenic hazards of 1 -44 x 1 o - ~  and 1.10 x 1 0-4 to USFWS workers and part- 

time subsistence users, respectively. 



Bridge Creek (Long Shot Site). Non-carcinogenic hazards were not calculated for either the 

USFWS workers or part-time subsistence users because the CDFCs identified in sediment in 

Bridge Creek do not havc non-carcinogenic toxicity values (Table 2-1 5). 

Reed Pond (Long Shot Site). Non-carcinogenic hazards were not calculated for either the 

USFWS workers or part-time subsistence users because the COPCs identified in sediment in 

Reed Pond do not have non-carcinogenic toxicity values (Table 2-1 6). Exposure to diesel range 

organics (DRO) in sediment presented non-carcinogenic hazards of 2.78 x 10" and 2.12 x to 

USFWS workers and part-time subsistence users, respectively. 

Cloudberry Creek (Long Shot Site). Non-carcinogenic hazards for USFWS workers and 

part-time subsistence users at Cloudberry Creek (Long Shot Site) were calculated to be 

1.1 8 x loT2 and 3.77 x lo", respectively. The non-carcinogenic hazard calculated for the USFWS 

worker was entirely attributable to dermal absorption of thallium in sediment. The non- 

carcinogenic hazard calculated for the part-time subsistence users was largely attributable to 

ingestion of thallium in the sediment (Table 2- 17). 

Rainbow Creek (Long Shot Site). Non-carcinogenic hazards were not calculated for either 

the USFWS workers or part-time subsistence users because the COPCs identified in sediment in 

Rainbow Creek do not have non-carcinogenic toxicity values (Table 2-1 8). Exposure to diesel 

range organics (DRO) in sediment presented non-carcinogenic hazards of 1.38 x lo-' and 

1.05 x 10" to USFWS workers and part-time subsistence users, respectively, 

Clevenger Creek (Milrow Site). Non-carcinogenic hazards for USFWS workers and part- 

time subsistence users at Clevenger Creek (Milrow Site) were calculated to be 5.03 x 10'~ and 

1.94 x lo-', respectively. The non-carcinogenic hazard calculated for the USFWS worker was 

entirely attributable to dermal absorption of arsenic in surface water. The non-carcinogenic 

hazard calculated for the part-time subsistence users was largely attributable to ingestion of 

arsenic in surface water (Table 2-19). Exposure to diesel range organics (DRO) in sediment 

presented non-carcinogenic hazards of 3.53 x lo-* and 2.70 x 10'90 USFWS workers and part- 

time subsistence users, respectively. 

Heart Lake (Milrow Site). Non-carcinogenic hazards were not calculated for either the 

USFWS workers or part-time subsistence users because the COPCs identified in sediment in 



e Heart Lake do not have non-carcinogenic toxicity values (Table 2-20). 

Cannikin Lake (Cannikin Site). Non-carcinogenic hazards for USFWS workers at Cannikin 

Lake were calculated to be 2.41 x lo-'. The majority of the calculated hazards for the USFWS 

worker were attributable to dermal absorption of hexavalent chromium from sediment. Non- 

carcinogenic hazards for part-time subsistence users at Cannikin Lake were calculated to be 

3.04 x lo-' (adults) and 2.85 x lo-' (children). The majority of the calculated hazards for the 

part-time subsistence users (both adults and children) were attributable to ingestion of thallium in 

fish tissue from Cannikin Lake (Table 2-2 1). 

Exposure to diesel range organics (DRO) in sediment presented non-carcinogenic hazards of 

3.07 x 10"' and 2.34 x 1 0-2 to USFWS workers and part-time subsistence users, respectively. 

Exposure to gasoline range organics (GRO) in sediment presented non-carcinogenic hazards of 

3.38 x and 2.57 x to USFWS workers and part-time subsistence users, respectively. 

White Alice Creek (Cannikin Site). Non-carcinogenic hazards for USFWS workers and 

part-time subsistence users at White Alice Creek (Cannikin Site) were calculated to be 

@ 3.01 x lo-' and 4.61 x respectively. The majority of the calculated hazards for the USFWS 

worker were attributable to dermal absorption of arsenic from sediment in White Alice Creek. 

The majority of the calculated hazards for the part-time subsistence users were attributable to 

ingestion of arsenic in sediment (Table 2-22). Exposure to diesel range organics (DRO) in 

sediment presented non-carcinogenic hazards of 7.56 x and 5.77 x to USFWS workers 

and part-time subsistence users, respectively. 

As presented in the preceding paragraphs and Tables 2-12 through 2-22, all of the non- 

carcinogenic hazards for both the USFWS workers and part-time subsistence users were 

estimated to be less than the USEPA's target hazard index of 1 .O. 

2.5 Uncertainty Analysis 

There are a number of uncertainties that are inherent in the risk assessment process. General 

uncertainties related to the conservative aspect of the risk analysis process and methodologies are 

especially apparent in the exposure assessment. The USEPA paradigm for conducting human 

health risk assessments presently requires the use of point estimates for all parameters (e.g., 

chemical concentration, body weight, length of exposure, etc.) to establish risk estimates for 

exposure scenarios. Furthermore, the inherent conservatism in the upper-bound point estimate 



approach is an attempt to account for both variability and uncertainty with the use of 

conservative assumptions. 

As single-point estimates do not provide a vehicle for conveying the heterogeneity or variability 

of the data, no associated measure of confidence can be provided as a means of examining 

exposure assessment or the completed risk analysis. Therefore, uncertainty analysis is generally 

limited to qualitative statements about the confidence placed in critical data or default input 

parameters used in the exposure assessment component used to build the human health risk 

assessment. An example of a conservative point estimate used in the exposure assessment is the 

use of the maximum detected COPC concentration in the various environmental media to 

estimate chronic daily intake. This single point estimate of COPC concentration has the potential 

to over-estimate exposure significantly. 

Using recommended USEPA default values for ingestion rates, exposure duration, exposure 

time, and frequency of events, for the USFWS worker and part-time subsistence user scenarios 

probably overestimate exposure dosage in the interest of standardization and conservatism. As 

an example, actual USFWS workers probably do not spend an entire 10-hour day exposed to 

@ surface water. Actual exposures to surface water andfor sediment are likely only a fraction of 

those assumed in this assessment, 

Site-specific uncertainty is introduced into the assessment of Cannikin Lake due the fact that the 

sediment samples used to characterize sediment within Cannikin Lake were all collected from an 

area suspected to have received drilling mud from a nearby drilling mud lagoon. Thus the 

sediment samples from Cannikin Lake represent "worst case" conditions in the lake, and most 

likely do not represent the condition of the sediment in the majority of the lake. This is also true 

for many of the surface water bodies on Amchitka. Sampling was designed to identify and 

delineate areas of suspected contamination; therefore, the results of these samples may not be 

representative of the majority of the water bodies on the island, but rather they represent the 

"worst case" conditions in the water bodies on Amchitka. 

Uncertainty also exists in the quantification of exposure to COPCs via fish ingestion. The 

number of fish collected from Cannikin Lake (two fish) is limited and may not accurately 

represent the population-wide concentrations of COPCs in fish tissue. In order to derive a 

@ 
conservative estimate ofthe fish tissue concentrations of COPC7s from Cannikin Lake, the 

maximum detected concentrations were used as the exposure point concentrations, which may 



also introduce uncertainty into the exposure assessment. Although additional fish samples were @ collected on Amchitla, the fish collected from the small streams and ponds were small (one to 

six inches in length) and not reasonably considered large enough for human consumption. The 

small streams and ponds do not provide adequate habitat to support larger fish that could be 

suitable for human consumption. 

Toxicity assessment relies upon the use of toxicity values (cancer SF, non-cancer RfDs) 

developed by the USEPA to evaluate potential chronic toxicity of COPCs. These toxicity values 

may be estimated from human data, but the process is largely dependent upon laboratory animal 

data generated from a variety of toxicology and safety testing studies conducted on constituents. 

The carcinogen toxicity values, SFs, are derived from cancer bioassay or epidemiological dose- 

response data to estimate carcinogenic risk at constituent concentrations that may be several 

orders of magnitude lower that the given dose or estimated exposure observed in the studies that 

form the basis of the assessment. A number of uncertainties are associated with this 

methodology. 

'The extrapolation of observed carcinogenic effects at high doses used in animal 
cancer studies to possible cancer effects at substantially lower doses is based on the 
hypothesis that there is no threshold dose for carcinogens. No experimental evidence 
is available to support this thesis. 

The extrapolation of carcinogenic and non-carcinogenic effects in animals to effects 
in humans may not be appropriate for all constituents, particularly if there are large 
species differences in metabolism of the constituent. 

While the USEPA has established a weight-of-evidence classification for carci- 
nogens, the cancer risk algorithm does not utilize this weight-of-evidence and sums 
all carcinogen risks equally, whether a COPC is a known human carcinogen or only a 
suspected carcinogen. 

Each of these three uncertainty factors tend to overestimate cancer risk. There are also questions 

concerning the summation of cancer risks when different constituents have specific target organs or 

induce quite different neoplastic disease states. 

Toxicity values derived to estimate chronic dosages that may induce non-cancer adverse effects 

also have a number of limitations. Unlike cancer risk assessment, by convention, non-cancer 

adverse effects are assumed to occur in a dose-response manner only after a threshold dose has @ been exceedad This is the hasis for the use of the RfD or RfC in estimating the hazard quotient 



(EIQ). If this ratio is greater than 1 .O, such exposures may be considered hazardous. The HQ can * only he used to qualitatively rank the possibility of adverse non-cancer effects occurring. The 

following uncertainties are probable with the use of the hazard index to describe non-cancer 

health hazards: 

RfDs are derived from NOAEL or LOAEL dose rates determined from animal 
studies or human exposure investigations. Depending on the quality of the 
available data, the NOAEL or LOAEL is divided by an uncertainty factor ranging 
from 1 to 10,000. Large uncertainty factors used in extrapolating animal effects 
to human effects may over-estimate non-cancer hazards. 

The hazard quotient approach assumes that all noncancer adverse effects are 
additive. While this approach may be sound for assessing a series of constituents 
that have similar modes of action and act on the same target organ, it is clearly not 
appropriate for combining potential adverse effects for constituents with very 
different target organs and toxic insult outcomes. 

Summation of HQs to calculate a cumulative hazard index (HI) for an exposure 
scenario can generate a very large number. The HI is a ratio of estimated 
exposure compared to a "safe" exposure dose. A health hazard is indicated if this 
ratio exceeds 1. The magnitude of a calculated HI greater than 1 has little bearing 
on the potential severity of adverse effects. 

A number of other factors also contribute to uncertainties in the risk characterization. These 

uncertainties are attributable to the risk characterization procedure itself and to several site- 

specific. factors. 

Quantitative risk characterization is largely dependent upon laboratory-derived animal toxicity 

values (carcinogenic slope factors, non-carcinogenic RfDs and RfCs) for the constituents of 

potential concern. Toxicity values are not available for all COPCS; therefore, riskskazards 

cannot be quantitatively characterized for these constituents and the total calculated risklhazard 

for the site may be underestimated, Additionally, toxicity values derived from animal studies are 

given the same weight as toxicity values derived from human data. 

The summation of carcinogenic risks from individual constituents to derive a total carcinogenic 

risk from a given medium (e.g., sediment) may not be applicable. Each individual constituent of 

concern may act on a different organ or system in the human body; therefore, summing the 

@ effects from these different constituents may grossly over-estimate the potential risks from 

multiple constituents. Additionally, antagonistic or synergistic effects are not accounted for in 



e this characterization, resulting in potential over- or under-estimations of carcinogenic risk. 

The addition of hazard indices also has several limitations. As described in the toxicity 

assessment section of this report, the level of potential impact does not increase linearly as the 

RfD/RfC is approached or exceeded because the RfDsIRfCs do not have equal accuracy or 

precision and are not based on the same severity of effect. Additionally, HQs are combined for 

substances with RfDsIRfCs based on critical effects of varying toxicological significance. Also, 

RfDs and RfCs of varying levels of confidence, which include different uncertainty factors and 

modifying factors (e.g., extrapolation from animal data to humans, extrapolation from LOAELs 

to NOAELs, and extrapolation from one exposure duration to another) are combined. 

Although hazard quotients for constituehts that act on different systems or organs are not 

additive, all hazard quotients for a given drill site or test site were added in this assessment for 

conservative purposes and ease of calculation. If the cumulative hazard index for a given drill 

site or test site had exceeded 1 .O, the cumulative hazard index would have been apportioned by 

the specific target organs/systerns for the COPCs, 

2.6 Summary and Conclusions 

A human health risk assessment was conducted to determine the types and magnitudes of 

exposures to constituents originating from the drill sites on Amchitka Island, Alaska and to 

determine the potential carcinogenic risks and non-carcinogenic health hazards posed by the 

estimated exposures. 

The constituents of potential concern (COPCs) for which carcinogenic risks and non- 

carcinogenic health hazards were quantified in the human health risk assessment were identified 

in the Human Health and Ecological Risk Assessment Work Plan, Mud Pit Release Sites, 

Amchitka Island, Alaska (DOE, 2002). The methods used to identify the COPCs were 

consistent with the methods presented in the Risk Assessment Procedures Manual (ADEC, 

2000c), and consisted of first reviewing the available analytical database and then comparing 

these data with appropriate screening criteria, For this risk assessment, the following general 

criteria were used to identify COPCs: 

The constituent was positively identified in at least one sample of a given 
medium; * the maximum detected concentration of a constituent in a given medium was 
greater than the naturally-occurring background concentration of the same 



constituent; 

'The maximum detected concentration of a constituent in a given medium was 
greater than the applicable screening criteria; and 

The constituent was a component of drilling mud or is otherwise associated with 
drilling activities. 

Historical releases from the mud pits at the test sites and the drill sites may have resulted in 

contamination of surface water and sediment in the surface water drainages from these sites. 

These drainages include the following surface water bodies: 

Heart Lake 

Clevengex Creek 

Bridge Creek 

Rainbow Creek 

Cloudberry Creek 

Reed Pond 

Long Shot Pond 

White Alice Creek 

Cannikin Lake 

Unnamed Lake at Site D 

Falls Creek 

Limpet Creek 

Site E Stream 

Based on past land uses and the expected future uses of the island, there are two potentially 

exposed populations at Amchitka: 

USF WS workerslresidents and 

part-time subsistence users. 



The exposure pathways by which USFWS workers could come in contact with site-related 

contaminants are the following: 

ingestion of fish; 

direct contact with surface water; and 

direct contact with sediment, 

The exposure pathways by which part-time subsistence users could come in contact with site- 

related contaminants are the following: 

ingestion of fish; 

incidental ingestion of surface water; 

direct contact with surface water; 

incidental ingestion of sediment; and 

direct contact with sediment. 



The carcinogenic risks for the USFWS worker and the part-time subsistence worker were 

calculated to be the following: 

NA- Not Applicable 

Carcinogenic Risks 

NC - Not C:alculalcd, no carcinogenic COI'Cs werc identified in enviroritnental media at this site. 

.- 

Site 

Falls Creek 
. . 

Drill Site D Lake 
.- 

Drill Site E Stream 
" -  

Bridge Creek 
-- A > - -  - 

Reed Pond 
% 

Cloudberry Creek 
- ---  -- 

Rainbow Creek 
.. . 

The non-carcinogenic hazards for USFWS workers and part-time subsistence workers were 

calculated to he the following: 

USFWS Worker 

1 x 10-7 
. 

NC 
. 

NC 
- -- - 

NC 
- 

NC 
- - 

7 x 10-8 
. - 

7 x 10-8 
- 

-- -- 

Part-Time Subsistence 
User 

2 x 10-7 
- 

NC 
-- 

NC 
-. 

NC 
- 

NC 
A .  

4 x 10-7 

1 10-7 
- - 

4 10-7 
- "- 

NC 

1 10-5 

2 x 10-6 

9 x 10-6 

Clevenger Creek 
.? 

Heart Lake 
- 

Cannikin Lake (adult) 

(child) 
-- 

White Alice Creek 

5 x 10-8 
-. - - -  

NC 
. ~ A-7 

4 x 10-7 

N A 
. . . .. 

3 x 10-6 



NA- Not Applicable. 

NC - Not Calmlated, no Nun-carcinogenic COPCs wcre identified in ~nvironmentsl media ;~t this silc. 

Non-Carcinogenic Hazards 

All of the calculated carcinogenic risks are within, or below, the USEPA's recommended risk 

range of 1.0 x 1 0-4 to 1 .O x 1 0-6 (1 in 10,000 to 1 in 1,000,000) and the State of Alaska regulatory 

threshold for cumulative risk of 1 x 1 0-5 (1 in 100,000). However, under certain circumstances, 

"...the department will, in its discretion, consider a risk standard consistent with the range 

acceptable under 40 CFR 300.430, revised as of July 1,2002 ..." (ADEC, 2002). The risk range 

specified in 40 CFK 300.430 is an excess cancer risk of 1 in 10,000 to 1 in 1,000,000. All of the 

calculated non-carcinogenic hazards are less than the USEPA recommended target hazard index 

of 1 .O (Tables 2-1 2 through 2-22). Therefore, it can be concluded that site-related constituents 

do not pose significant riskslhazards to USFWS workers or part-time subsistence users. 

Furthermore, petroleum hydrocarbons (i.e., diesel range organics and gasoline range organics) do 

not pose significant hazards to USFWS workers or part-time subsistence users. 

Site 

Falls Creek 

Drill Site D Lake 

Drill Site E Stream 

Bridge Creek 

Reed Pond 

Cloudberry Creek 

Rainbow Creek 

Clevenger Creek 
-- -- " 

Heart Lake 
-. - 

Cannikin Lake (adult) 

(child) 

White Alice Creek 

USFWS Worker 

9.23 x 10-2 

4.82 x 10-I 

4.58 x 10-6 

NC 

NC 

1.18 x 10-2 

NC 

5.03 x 10-3 

NC 

2.41 x 10-1 

NA 
-- 

3.01 x 10-1 

Part-Time Subsistence 
User 

3.95 x 10-3 

2.57 x 10-2 

3.50 x lo-' 

NC 

NC 

3.77 x 10-3 

NC 

1.94 x 10-3 

NC 

3.04 x 10-I 

2.85 x 10-1 

4.63 x 10-2 



* 3.0 Ecological Risk Assessment 

This ecological risk assessment, as presented, is based on both the 8-step process presented in the 

Ecological Risk Assessment Guidance for Superfund (ERAGS) (USEPA, 1997a), as well as the 

Alaska Department of Environmental Conservation's (ADEC) Risk Assessment Procedures 

Manual (ADEC, 2000~). Specific methods and parameters used are given in the Humun Heulth 

and Ecologicul Risk Assessment Work Plan (WP) (DOE, 20021, as revised based on oral and 

written comments received from ADEC. 

3. I Ecological Risk Assessment Organization 
This ecological risk assessment report is organized to follow the risk assessment process outlined 

by USEPA (1 997a) and ADEC (2000~). Section 3.1 presents the objective of the ecological risk 

assessment and provides ncccssary information regarding the site background and setting. 

Section 3.2 summ~rizes the screening level assessment that was presented in the WP (DOE, 

2002) and presents the problem formulation step; these constitute the first 3 steps of the risk 

assessment process (USEPA, 1997a). Step 4 of the risk assessment process is the Study Design. 

@ 
This was presented as the WP (DOE, 2002) and is summarized in Section 3.3.  The Vcrification 

of Field Sampling Design, Step 5 of the risk assessment process (USEPA, 1997a), was not 

implemented during the ecological risk assessment since all data had previously been collected 

for use in the ecological risk assessment, and is not presented in the ecological risk assessment. 

Section 3.4 presents information on the collection and analysis of analytical, biological, and 

toxicological data that are used in this ecological risk assessment. The risk characterization is 

presented in Section 3.5. The last step of the ecological risk assessment process (USEPA, 1997a) 

is Risk Management. Risk Management integrates the ecological risk assessment results with 

other site information (e.g., human health risk assessment results, technical feasibility, political 

and social acceptability) in order to make decisions regarding the need for, method of, and extent 

of risk reduction, Risk Management is performed outside the context of the ecological risk 

assessment. Section 3.6 contains a summary of the ecological risk assessment, and references 

used in the ecological risk assessment are listed with the other references cited in this report in 

Section 5.0. 

3.2 Screening Level Assessment and Problem Formulation 
This section presents a summary of the screening level assessment, which was presented in the 

WP (DOE, 2002), and the problem formulation for the ecological risk assessment. 



3.2. I Screening Level Assessment Results 
Environmental media with the potential to result in exposure of ecological receptors to site 

I constituents are screened in order to determine if constituents are of potential ecological concern 

and should be addressed in the ecological risk assessment. This process was presented in the WP 

(DOE, 2002) and is summarized in the following sections. 

3.2.1. I Approach to Screening for Constituents of Potential Ecological 
Concern 

The screening for constituents of potential ecological concern (COPEC) was based on the 
following four factors: 

Presence in abiotic media at sufficient detection frequency to be of potential 
concern; 

Presence in abiotic media at sufficient concentrations to be of potential concern; 

Presence of constituents related to site activities; and 

Ability of constituents to bioaccumulate in the food chain. 

Being identified as a COPEC in the screening level assessment does not imply that a risk exists 

or even if a risk is passiblc, but that the chemical is present such that it should be evaluated to 

determine if a risk is possible. 

Constituents detected in either surface water or sediment samples were compared to ecological 

screening values (ESV) to detennine if they should be considered COPECs. If chemicals were 

not detected above appropriate benchmarks, they were not considered to be COPECs. The ESVs 

for surface water and sediment were developed for and presented in the WP and are presented 

here in Table 3-1 and Table 3-2, respectively. A summary of the COPECs in surface water and 

sediment is presented in Table 3-3. 

3.2.1.2 Surface Water 

Surface water samples were collected fkom Falls Creek, Drill Site D Lake, Drill Site E Stream, 

Limpet Creek, Bridge Creek, Reed Pond, Long Shot Pond, Cloudberry Creek, Rainbow Creek, 

Clevenger Creek, Heart Lake, Cannikin Lake, White Alice Creek, four reference streams, and a 

reference pond. Analyses conducted on some or all of these samples were inorganics, 

polyaromatic hydrocarbons (PAH), volatile organic compounds (VOC), polychlorinated 

biphenyls (PCB), and diesel range organics (DRO). The results for the surface water samples are 

@ summarized in Appendix B. 



0 
VOCs were not detected in any of the surface water samples on-site. Detection limits for VOCs 

were lower than the ESVs except for carbon disulfide. The detection limit for carbon disulfide of 

1.0 pg/L is just marginally greater than the ESV of 0.92 pgll,. Since the detection limit was 

nearly equal to the ESV, and carbon disulfide is not expected as a site-related constituent, no 

VOCs were considered COPECs for surface water. 

PAHs were not detected in any of the surface water samples on-site. Detection limits for all but 

two PAHs, benzo(a)anthracene and benzo(a)pyrene, were lower than the ESVs. Therefore, 

PAHs were not considered COPECs for surface water. Analytical results of PCBs in surface 

water are only available for Cannikin Lake, Heart Lake, Long Shot Pond, Reed Pond, and Drill 

Site D Lake, Although PCBs were not detected in any of the surface water samples, the 

detection limits (0.5 pg/L to 0.94 pg/L) were greater than the ESV of 0.014 pg/L. Since PCBs 

are considered bioaccumulative compounds, PCBs were retained as COPECs for surface water. 

Several metals were detected in some or all of the surface water samples: aluminum, arsenic, 

barium, boron, calcium, chromium, cobalt, copper, iron, lithium, magnesium, manganese, 

molybdenum, nickel, potassium, strontium, thallium, titanium, vanadium, and zinc. However, 

six of these metals were detected in any of the samples above their respective ESVs. 

Aluminum was rarely detected above the ESV of 87 pg/L. The background concentration for 

aluminum is 87.1 pg/L for upland streams and 269 pg/L for lowland streams. In the lowland 

streams, aluminum was detected above the background concentration and the ESV in two of the 

five samples from Clevenger Creek (maximum concentration of 625 pg/L). In the upland 

streams, the background concentration and ESV were exceeded in two of six samples from Drill 

Site E Stream (maximum concentration 105 yglL) and in two of threes samples from Drill Site D 

Lake (maximum concentration 186 pg/L). 

Barium was detected in surface water from Reed Pond (49.4 pg/I, and 53 pg/L). These were 

above the ESV of 4 pgIL. Although not detected elsewhere, the detection limit (10 pg/L) was 

two and a half times greater than the ESV. Also, barium was not detected in background 

samples. 

Boron was detected in surface water from Cannikin Lake (maximum concentration 468 pg/L), 

Clevenger Creek (maximum concentration 88.7 pg/L), and White Alice Creek (maximum 

concentration 424 pg/L). These were greater than the ESV of 1.6 pg/L. Although not detected 

3 -3 



in most samples, the detection limit (50 pg/L) was more than 20 times the ESV. 

Copper was detected in most samples, but rarely above the ESV of 9 pg/L and the background 

concentration (1 0.8 pg/L for lowland streams and 13.4 pg/L for upland streams). These occurred 

in one sample from Clevenger Creek (1 1.8 pg/L) and in one sample from Rainbow Creek (1 7,7 

P~/L) .  

Iron was detected in most samples, but just once above the ESV of 1000 pg/L. It was detected in 

one sample from Clevenger Creek (1,070 pg/L) above the ESV; the background concentration 

for lowland streams is 993 pg/L. 

Titanium was detected in most samples. However, it was detected in Clevenger Creek at 

concentrations greater than the ESV of 29 pg/L. Three of five surface water samples had 

concentrations greater than the ESV with a maximum concentration of 123 pg/L. The 

background concentration of titanium for lowland streams is 6.13 pg/L. 

Although beryllium and cerium were not detected in any surface water samples, their detection 

limits (1 pgL) were greater than the ESVs of 0.64 pg/L and 0.5 pgL,  respectively. 

3.2.1.3 Sediment 

Sediment samples were collected from Falls Creek, Drill Site D Lake, Drill Site E Stream, 

Limpet Creek, Bridge Creek, Reed Pond, Cloudberry Creek, Rainbow Creek, Clevenger Creek, 

Heart Lake, Cannikin Lake, White Alice Creek, and four reference streams. Analyses conducted 

on some, or all, of these samples were inorganics, PAHs, VOCs, PCBs, DRO, and total organic 

carbon (TOC). The results for the sediment samples are summarized in Appendix B. 

DROs were detected in sediment samples from Cannikin Lake, Clevenger Creek, Drill Site D 

Lake, Drill Site E Stream, Falls Creek, Rainbow Creek, Reed Pond, and White Alice Creek. All 

detected concentrations were above the ESV of 1.9 mg/%OC. 

PAHs were detected in sediment samples from Cannikin Lake, Drill Site D Lake, Drill Site E 

Stream, and Falls Creek. None of these were above the ESVs for individual PAHs. However, 

since PAHs may bioaccumulate in the food chain, PAHs were retained as COPECs for sediment 

@ 
in the ecological risk assessment. 



Analysis for PCBs in sediment was conducted for samples from Cannikin Lake, Drill Site D * Lake, Heart Lake, Long Shot Pond, Reed Pond, White Alice Creek, Rainbow Creek, Falls Creek, 

Clevenger Creek, and Bridge Creek. PCBs were not detected in Bridge Creek, Clevenger Creek, 

Reed Pond, Heart Lake, or Long Shot Pond. Although some detection limits were elevated, 

especially in the earlier data collected in 1998, the sample-specific ESVs (based on sample- 

specific TOC) were generally greater than the detection limits, so PCBs are not expected to be 

present in those samples at concentrations above the ESVs. Based on site-specific TOC data, 

one sample from Falls Creek (0.82 mglkg) exceeded its site-specific ESV. For samples where 

carbon analysis was not conducted, an ESV based on 1% OC was used for screening. Organic 

carbon concentrations in the areas where PCBs were analyzed were generally greater than 1%. 

Thus, the use of 1% OC is considered conservative. The use of 1% OC is by convention and for 

ease in converting to sample-specific ESVs when the TOC is known or assumed at some other 

value. Though PCBs were detected above the ESV in only one sediment sample, because PCBs 

are bioaccumulative, PCBs were retained as COPECs for sediment. 

VOCs were detected most frequently in Cannikin Lake samples, but were also detected in Heart 

Lake, Reed Pond, and Drill Site D Lake. Most of the ESVs for VOCs are TOC-based. However, 

no TOC analysis was conducted on pond and lake samples. Therefore, actual comparisons to 

ESVs could not be conducted, and detected concentrations were conservatively compared to 1 % 

TOC-based ESVs. In Cannikin Lake, 1,2,4-trimethylbenzene was detected in one sample (5.16 

rngkg) above the ESV (1.2 mglkg), 1,3,5-trimethylbenzene was detected in one sample (1.21 

mgkg) above the ESV (0.76 rngkg), mp-xylene and o-xylene were detected in one sample 

(0.836 mgkg and 0.498 mgkg, respectively) above the ESV 0.12 mgkg, and n-propylbenzene 

was detected in one sample (0.369 mgkg) above the ESV (0.25 mglkg), Acetone, ethylbenzene, 

n-butylbenzene, p-isopropyltoluene, and sec-butylbenzene were also detected but not above the 

ESVs. In Heart Lake, 2-butanone was detected in three of five samples, but not above the ESVs. 

In Reed Pond, 2-butanone, acetone, and toluene were detected in sediment, but none were above 

the ESVs. In Drill Site D Lake, 2-butanone was detected in one of five samples but not above 

the ESV. The BTEX compounds (benzene, toluene, ethylbenzene, and xylene) could be 

considered to be site related. Therefore, trimethylbenzene, xylene, and propylbenzene were 

retained as COPECs. 

Many of the inorganics were detected in all the sediment samples, and are likely associated with 

natural background levels. The screening for inorganic COPECs in sediment is discussed below. 



@ 
Aluminum was detected above the ESV (58,000 mglkg) and above background in one sample 

from Bridge Creek (63,900 mglkg), one sample from Clevenger Creek (90,600 mglkg), one 

sample from Heart Lake (77,500 mglkg), and two samples from White Alice Creek (60,100 

mgkg and 68,300 mglkg). 

Although arsenic was detected in many samples above the ESV of 6 mgkg, it was detected 

above background (100 mgkg for lowland streams and 30.5 mgkg for upland streams) in one 

sample from White Alice Creek (1 09 mglkg). 

Likewise, barium was detected in one sample at a concentration above both the ESV (6 mgkg) 

and the background concentration (468 mglkg). Barium was detected in one of 5 samples from 

Drill Site D Lake at a concentration of 5 15 mgkg. 

Cadmium was detected in one sample from Cannikin Lake (0.876 mgkg) and one sample from 

Cloudberry Creek (3.17 mglkg) above the ESV (0.6 mglkg) and the background (0.608 mglkg 

for upland streams). However, other samples may have contained cadmium above the ESV, but 

the detection limits for many of the samples were as much as an order of magnitude greater than 0 the ESV. 

Chromium was detected in many of the samples, but less frequently above the ESV of 26 mgkg. 

Chromium was detected above the ESV in two of three samples in Cannikin Lake (253 mglkg 

and 253 mgkg), two of five samples from Rainbow Creek (33.2 mglkg and 38.8 mglkg), one of 

five samples from White Alice Creek (27.5 mgkg), four of five samples from Drill Site D Lake 

(564 mgkg, 695 mgkg, 421 mglkg, and 406 mglkg), one of five samples from Drill Site E 

Stream (41.1 mgkg), and three of five samples from Falls Creek (226 mgkg, 36.2 rngkg, and 

3 1.2 mglkg). Background chromium concentrations were 3.49 mgkg in upland streams and 1 1.8 

mgkg in lowland streams, 

Copper was detected in most samples. Many detected concentrations were above the ESV of 16 

mglkg, and several were above the background concentrations (71.1 mglkg for lowland streams 

and 82.4 mglkg for upland streams). Copper was detected above the screening values in two 

samples from Cannikin Lake (1 57 mgkg and 203 mgkg), two samples from Clevenger Creek 

(247 mglkg and 94.2 mglkg), one sample from Cloudberry Creek (71.7 mglkg), four samples 

@ from Heart lake (74.3 rnglkg, 73.4 m&, 192 rngkg, and 75.2 rnglkg), two samples from White 

Alice Creek (127 mgkg and 168 mglkg), two samples from Drill Site D Lake (96.6 mglkg and 



98.3 mglkg), and one sample from Falls Creek (93.1 mgkg). 

Iron was detected in most samples. Many detected concentrations were above the ESV of 20,000 

mgkg, but just one was above the background concentrations (1 55,000 mg/kg for lowland 

streams and 123,000 for upland streams). Iron was detected in one sample from Rainbow Creek 

(1 92,000 mg/kg) above the background concentrations. 

Nickel was also detected in most of the samples. The ESV for nickel is 16 rnglkg. The 

background concentrations for nickel are 13,6 mgkg for lowland streams and 23.8 mglkg for 

upland streams. Nickel was detected in all three samples from Cannikin Lake (66.9 mgkg, 18,6 

rnglkg, and 17,5 mgkg), one of six samples from Clevenger Creek (1 8.9 mglkg), three of six 

samples from White Alice Creek (22.1 mg/kg, 17,2 mgtkg, and 24.9 mg/kg), and one of five 

samples from Drill Site E Stream (32.5 mgkg) above the ESV and background concentration. 

Zinc was detected in most sediment samples. The ESV for zinc is 120 mg/kg and the 

background concentrations are 434 mglkg for lowland streams and 185 mglkg for upland 

streams. Two samples from Falls Creek (256 mgkg and 23 1 mgkg) and one sample from 

@ Limpet Creek (257 rng/kg) exceeded both the ESV and background concentration. 

Manganese was detected in samples above the ESV, but all were below the background 

concentrations. Beryllium was detected in one sample, but it was below the ESV, Cobalt, 

lithium, and vanadium were detected in samples below background concentrations; there were no 

ESVs found for these metals. Boron, calcium, cerium, magnesium, molybdenum, potassium, 

selenium, strontium, thallium, thorium, titanium, and uranium were detected in some or all of the 

samples. These were found in some samples at concentrations above background. However, no 

ESVs were found for these metals. 

Although several metals were found above ESV values and above background (i.e., aluminum, 

arsenic, barium, cadmium, chromium, copper, iron, nickel, and zinc), only chromium is 

associated with drilling mud. However, all these metals were retained as COPECs in sediments 

for the ecological risk assessment. 

3.2.2 Problem Formulation 

@ Based on the site information and the screening assessment, the Problem Formulation was 

completed. The Problem Formulation is Step 3 of the eight-step ERAGS process (USEPA, 



1997a) and includes assessment endpoints, conceptual site model information, exposure 

pathways, and risk questions and hypotheses. 

It was determined, based on the results of the screening assessment (DOE, 2002), that the 

potential exists for adverse ecological effects to ecological receptors at the drilling mud pit 

release sites due to the presence of viable habitat, ecological receptors, exposure pathways, and 

chemical stressors. Particular chemical stressors in surface water and sediment were identified as 

COPECs as a result of comparisons of site data with surface water and sediment ecological 

screening values. 

3.2.2. I Conceptual Site Model 

An important component of the problem formulation includes an exposure pathways analysis. 

Exposure pathways consist of four primary components: source and mechanism of contaminant 

release, transport medium, potential receptors, and exposure route. The exposure pathways 

considered for the representative ecological receptors at the drilling mud pit reIease sites are 

presented in a conceptual site model (CSM) diagram (Figure 3-1). The CSM shows both actual 

and potential exposure pathways. The CSM describes the historical contamination sources and 

@ historical or potential release mechanisms from those sources, the media impacted due to 

releases, migration pathways and media transfers, exposure routes, and potential receptors. The 

assessment endpoints used in the risk assessment are also identified through the CSM. The 

following sections describe the elements of the CSM. 

3.2.2. I. I Historical Contamination 

Drilling muds were historically used in drilling the emplacement andlor exploratory holes at the 

three test sites (Milrow, Long Shot, and Cannikin) and the three drill sites (Drill Site D, Drill Site 

E, and Drill Site F). Figures showing these sites are included in Appendix A. The boreholes 

were drilled using methods that employed drilling mud, some of which may have contained 

additives such as diesel fuel, and additives to control viscosity and mitigate loss of drilling mud 

in the boreholes. According to Valdez et al. (1 977), the composition of the mud used for the 

drilling on Amchitka is describes as ". . . 91 to 93% water and 6 to 8% oil with such additives as 

bentonite, lignite, cement, sodium bicarbonate, paper, and ferrochrorne lignosuifonate to 

maintain the desired viscosity and consistency," The Site Characterization Report (Shannon & 

Wilson, 2001) presents the results of drilling mud samples collected form all known areas of 

@ contamination, including all mud pits remediated in the summer of 2001. Only diesel-range 

organics, naphthalene, total chromium, and arsenic consistently exceeded relevant ADEC soil 



a cleanup levels. The Site Characterization Report compared mud pit constituents to several 

relevant guidance values, including ecological risk-based criteria. Several mud pit constituents, 

including copper, iron, nickel, zinc, and PCBs, exceeded these various criteria. Arsenic in 

drilling mud was shown not to be significantly different from background sediment 

concentrations, and is not known to be associated with drilling mud. Cadmium was not present 

at levels above the ADEC soil cleanup criterion in any mud pit sample. During the design of the 

site characterization sampling program, an evaluation of drilling mud constituents and 

concentrations found in previous DOE investigations on Amchitka and other underground test 

sites was performed. Based on this review, lead and mercury were not included in the list of 

inorganic analytes in the sampling and analysis plan for the Site Characterization Report. A 

recent review of historical data showed that lead concentrations in Amchitka drilling mud 

sampled in 1997 (Shannon & Wilson, 2001, Appendix B), ranged from 6.4 to 8.4 mgkg. 

Mercury was not detected in any surface water and soil samples collected in the 1993 DOE 

Amchitka sampling event (Shannon & Wilson, 2001, Appendix B). A review of analytical data 

from drilling mud from ten mud pits at the Nevada Test Site was also performed. Lead 

concentrations ranged from 56.5 mgkg to 6.8 mgkg in these samples. Mercury was not detected 

in any sample at a detection limit of 0.05 mgkg. These historical data are well below the ADEC 

soil cleanup criteria of 400 mgkg for lead and 1.4 mgkg for mercury. Therefore, lead and 

mercury are not likely to be present at significant concentrations in the drilling mud used in 

underground testing by the AEC, and they do not pose a risk to ecological receptors at Amchitka. 

The drilling mud was commonly stored near the drill sites in berrned pits. The walls of these 

mud pits were prone to leakage or outright failure. Many of the mud pits used during drilling 

were backfilled following use. These mud pits represent historical contaminant sources to the 

streams and lakes of Amchitka Island. 

3.2.2.1.2 Historical Release Mechanisms 

Constituents present in the drilling mud pits or used during the drilling operations may have been 

historically released to the environment and into the freshwater drainages that exist at each of 

these sites (Valdez et al., 1977; Fuller and Kirkwood, 1977; Shannon & Wilson, 2001). 

Drill Site D used three large drilling mud pits. Drilling muds were also mixed at Drill Site D and 

piped to other drill sites as well as being used for drilling at that site. During the Milrow test, 

drilling mud may have splashed out of the holding ponds. It was reported that pond walls 

cracked and failed during the Cannikin test. Additionally, intentional releases may have resulted 
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in releases to the freshwater drainage in the area. 

Drill Site E contained one drilling mud pit near the drilling pad, and two smaller mud pits to the 

north and south. The Drill Site E mud pit was constructed on unstable soil. In 1968, the mud pit 

berm failed and drilling mud was released into the nearby stream (Site E Stream). 

Drill Site F originally contained four drilling mud pits. Mud from the sumps was reported to 

have escaped and resulted in releases to the Limpet Creek drainage. 

Four side-by-side mud pits were present at the Long Shot test site. These mud pits were 

excavated into native soil in a low lying area that is drained by a shallow trench. Surface water 

drainage from the mud pits may have resulted in contaminant releases to streams and ponds in 

the area. 

The Milrow test site contained four mud pits and also utilized the Rifle Range Road mud pits for 

drilling mud storage. Several small losses and large spills are reported to have occurred in 1968 

and 1969 that released contaminants into nearby Clevenger Creek. 

The Cannikin test site used four or five mud pits. Releases into White Alice Creek are reported 

to have occurred from 1968 to 197 1. Intentional releases occurred via drain pipes installed in 

mud pit walls and from trenches cut through the walls (Shannon & Wilson, 2001; Valdez et al., 

1977; Fuller and Kirkwood, 1977). 

3.2.2.1.3 Impacted Media 

Historical releases from the mud pits at the test sites and drill sites may have resulted in 

contamination of surface water and sediment in the surface water drainages from the sites. These 

include the following surface water bodies: 

Heart Lake 

Clevenger Creek 

Bridge Creek 

Rainbow Creek 

Cloudberry Creek 

Reed Pond 

Long Shot Pond 

White Alice Creek 



Cannikin Lake 

Unnamed Lake at Site D 

Falls Creek 

Limpet Creek 

Site E Stream 

3.2.2.1.4 Migration Pathways 

Potential migration mechanisms for contaminants in impacted media include surface water and 

sediment transport, sediment deposition, adsorptioddesorption, sediment resuspension, uptake 

by aquatic plants, bioaccumulation into aquatic organisms, and trophic transfer via the food web. 

Surface water bodies have the potential to transport contaminants downstream to other areas of 

the streams or off-site to the marine environment. Although the potential exists for the transport 

of contaminants to the marine environment, contaminants are unlikely to remain in close 

proximity to Amchitka. The high-energy environment of the coast line combined with the lack 

of depositional areas precludes the deposition of site-related contaminants along the shoreline. 

e Rapid transportation from the near vicinity of the island by strong ocean currents and thorough 

mixing and dilution of site-related contaminants render concentrations insignificant in the marine 

environment. 

The potential transport of PCBs to the marine environment was also assessed and reported in the 

WP (DOE, 2002) because of concerns regarding bioaccumulation in the marine food chain. 

Sediment samples collected at the lowest reaches of Clevenger Creek and Rainbow Creek, in 

littoral habitat, were analyzed for PCBs and found to have no detectable levels of PCBs. Thus, 

significant migration of PCBs or drilling mud associated contaminants is not expected, and 

migration to the marine environment is not addressed in the ecological risk assessment. 

Sediment and surface water data from the furthest downstream sampling stations on the eight 

creeks investigated indicate that very few constituents are present above the screening levels 

(Tables 2-2 through 2-5). Thus, concentrations would be expected to be even lower further from 

the drilling mud pits near the marine environment. 

The potential transport of PCBs to the marine environment is a concern since PCBs could 

@ bioaccumulate in the marine food chain. Sediment samples collected at the lowest reaches of 

Clevenger Creek and Rainbow Creek, in littoral habitat, were analyzed for PCBs and found to 
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have no detectable levels of PCBs (Table 2-6). Sampling attempts at the mouths of the streams 

in 2001 indicated that the predominant sediment types were coarse gravel with cobble-sized 

material. Thus, significant migration of PCBs or drilling mud associated contaminants is not 

expected, and migration to the marine environment is not addressed further in this risk 

assessment. 

Contaminants that are water-soluble are most easily transported; these are principally metals. 

Contaminants that strongly adsorb to sediment or organic matter may be transported as 

suspended solids; such transport is most prevalent in fast flowing waters or during high water 

flow periods. Suspended particulates with adsorbed contaminants may deposit to the sediment 

bed in areas of low energy. Transport routes would follow the predominant surface water flow 

patterns. 

Fish and invertebrates living in the surface water bodies of Amchitka Island may bioaccumulate 

site-related contaminants. Organic compounds generally bioaccumulate to a greater degree than 

inorganics. However, mercury, in particular, has a high potential for bioaccurnulation and biotic 

transfer. Though many metals show a potential for trophic transfer via uptake from food, they do 

not rcsult in biornagnification (USEPA, 2000a). Arsenic and methyl mercury are metals that 

have shown the potential to biornagnify (Suedel, 1994). Of the fifteen metals that are addressed 

in the Final Water Quality Guidance for the Great Lakes System (USEPA, 1995), only mercury 

is listed as a bioaccumulative chemical of concern. Chromium, which is associated with drilling 

mud, is listed as not bioaccumulative. PAHs and PCBs have high octanol-water partitioning 

coefficient (Kow) values and correspondingly high bioconcentration factors (BCF). PCBs in 

particular could be transferred through the food chain. Higher trophic level organisms are 

unlikely to accumulate PAHs because they possess mechanisms for metabolism and excretion of 

PAHs and their metabolites. Certain contaminants in surface water and sediment could be 

expected to bioaccumulate in invertebrates and fish, Piscivorous and invertivorous organisms 

could then be exposed to elevated concentrations in their diet. 

Aquatic plants may accumulate contaminants via uptake from surface water and sediment. 

Plants are more prone to accumulate metals than high molecular weight organics (Travis and 

Arms, 1988; Baes et al., 1984; USEPA, 1999b), and uptake of metals by plants is considered a 

a viable migration pathway. 



Volatilization is considered to be an insignificant migration pathway. Volatilization directly 

from sediments does not occur due to the overlying surface water. Volatilization from surface 

water is a potential pathway; however, no organic compounds were detected in surface water 

except for DRO. In general, most of the organic compounds detected in sediment had low vapor 

pressures (Table 2-7). However, since the organics with somewhat higher vapor pressures were 

detected in the sediment and not the surface water, any partitioning from sediment to surface 

water and subsequent volatilization to the atmosphere would result in insignificant air 

concentrations that would quickly dissipate in the open air under the environmental conditions 

present. 

3.2.2.1.5 Potential Ecological Exposure Routes 

Ecological receptors may be exposed to site constituents in surface water via direct contact or 

through consumption of water. Aquatic organisms inhabiting contaminated waters could be in 

constant contact with site constituents, 

Exposure to site constituents in sediment may occur through dermal contact, particularly for 

benthic organisms and wading birds. Some aquatic organisms consume sediment and ingest * organic material f m  the sediment. lncideatal ingestion of sediments may also occur as the 

result of feeding on benthic organisms and plants. 

Secondary exposure pathways involve constituents that are transferred through different trophic 

levels of the food chain and may be bioaccumulated, This may include contaminants 

bioaccumulated from surface water or sediment into aquatic plants, fish, and invertebrates. 

Animals at higher trophic levels may in turn, consume these plants or animals. Thus, these 

contaminants may be passed through the food chain to potentially affect organisms at higher 

trophic levels. 

Ecological receptors are not exposed to groundwater or subsurface soils; therefore, there are no 

significant exposure routes to these two media. Visual assessment of the drill sites and 

surrounding areas indicate that contamination from the mud pits would most likely affect the 

streams and ponds adjacent to the pits and not the surrounding soils (Shannon & Wilson, 2001). 

Thus, ecological receptor exposures to drilling mud-related contaminants in surface soils is not 

considered a significant exposure route, and the focus of the ecological risk assessment is 

@ pathways involving stream and pond water and sediment, and potential contaminant uptake by 

associated receptors. 
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3.2.2.1.6 Potential Ecological Receptors 

For possible adverse ecological effects to occur, a site must contain contaminants in abiotic 

media, it must provide exposure pathways linking contaminants to receptors, and it must have 

ecological receptors that use the site in such a way as to come in contact with contaminants at the 

point of exposure. Benthic macroinvertcbrates may be exposed to contaminants in both sediment 

and surface water through direct contact and ingestion. Aquatic macrophytes may be exposed to 

contaminants through direct contact and via uptake through their roots. The freshwater fish 

species present in the streams and lakes of Arnchitka Island may be the most significant 

ecological receptors of mud pit related contaminants. Fish may be continuously exposed to 

contaminated surface water and sediment, and their food source is entirely composed of benthic 

invertebrates, fish, and plants that may have bioaccumulated contaminants. Wildlife may be 

exposed to contaminants from the surface water and sediment through direct contact during their 

daily activities, ingestion of surface water, incidental ingestion of sediment, and ingestion of 

plants or prey that have bioaccumulated contaminants. 

Through the identification of complete exposure pathways, the following receptors that represent 

the trophic levels associated with mud pit release sites were chosen as the focus of the ecological 

risk assessment: 

Benthic macroinvertebrate communities 

Aquatic plants (Milfoil and Aquatic Mosses) 

Freshwater fish (Land-locked Dolly Varden) 

Omnivorous birds (Green-Winged Teal) 

Herbivorous birds (Aleutian Canada Goose) 

Piscivorous birds (Bald Eagle) 

Benthic macroinvertebrates are important members of aquatic food webs, and their community 

health is often reflected in the overall health of the higher trophic levels that utilize the benthic 

invertebrates as a food source, such as fish and waterfowl. Benthic macroinvertebrates are also 

important for digesting organic material and recycling nutrients in aquatic systems. Benthic 

macroinvertebrates may be exposed directly to contaminants within sediment, usually via the 

@ interstitial or pore watcr. The freshwater invertebrates on Amchitka Island include four phyla: 

Annelids, Nematoda, Mollusca, and Arthropods (Valdez et al., 1977). Annelids and nematodes 



@ 
are common in the fine pond sediments. Bivalves and gastropods (members of the phylum 

Mollusca) are also common in the larger muddy ponds. Arnphipods, isopods, and mysids 

(members of the phylum Arthropoda) are abundant in the larger ponds, and, in particular, the 

arnphipod Hyalella sp. occurs in streams of lower current velocity. Chironomid larvae are 

abundant in the fine sediments of both ponds and streams, and are an important component in the 

diet of landlocked Dolly Varden. The assessment endpoint for the ecological risk assessment is 

the potential for significant adverse effects on benthic invertebrate community abundance and 

diversity. 

Twelve families of aquatic macrophytes are present in the streams and ponds of Amchitka Island 

(Valdez et al., 1977). The most abundant of these are the large mosses and water milfoils. Large 

mosses, particularly Fontinalis neomexicanus, seem to grow in every stream on the island and 

provide an important habitat for the benthic community and are an important food source for 

young fish. It is most common in the higher gradient sections and is found attached to 

submerged stones in the rapidly moving waters. The water milfoils, in particular mare's tail 

(Hippuris vulgaris) and Eurasian waterrnilfoil (Myriophyllum spicatum), are most abundant in 

mud substrates and are common in the ponds and lowland streams. They provide habitat for 

@ pond and stream fishes (Valdez et al., 1977). The assessment endpoint for the ecological risk 

assessment is the potential for significant adverse effects on plant species abundance, diversity, 

and primary production. 

Six species of fish are found in the freshwater streams and ponds of Amchitka Island (Valdez et 

al., 1977): silver salmon (Oncorhynchus kisutch), pink salmon (0. gorbuscha), and sockeye 

salmon (0. nerka) which are all anadrornous; both anadromous and land-locked Dolly Varden 

(Sulvelinus malma); threespine stickleback (Gasterosteus aculeatus), and the coast-range sculpin 

(Cottus aleuticus). These fish may be exposed continuously to site contaminants through their 

food and direct exposure. Of these fish, the land-locked Dolly Varden has the greatest potential 

for exposure to site contaminants because they spend their entire life cycle in Amchitka's fresh 

water creeks and ponds (i.e., they are not anadromous and do not spend part of their life in the 

sea). Dolly Varden spawn in gravelly areas of the streams and the juveniles remain in these areas 

prior to dispersal to other areas. The assessment endpoint for the ecological risk assessment is 

the potential for significant adverse effects on freshwater fish abundance. 

Over 130 species of birds have been recorded on Amchitka Island, and most populations are 

partially or totally supported by the marine ecosystem. Waterfowl are an important component 



of the avifauna and use the various ponds and streams for feeding and brceding. One of thc more 

common species of freshwater waterfowl is the Green-winged Teal, which is a year-round 

resident on the island (White et a]., 1977). Though they will spend some time on saltwater, their 

preference is for freshwater when not frozen. The Green-winged Teal is a surface-feeding duck 

that feeds by dabbling and tipping up in shallow water, often filtering through soft mud for food. 

They feed on seeds of aquatic plants, although they also consume aquatic invertebrates, 

particularly during the breeding season and as juveniles. Thus, the Green-winged Teal may be 

exposed to contaminants by direct contact with surface water and sediment, ingestion of surface 

water, sediment, or contaminated plants or invertebrates. The Aleutian Canada Goose (Brunla 

canadensi,~ leucopureiu) was one of the first species to be protected under the Endangered 

Species Act. Actions of the USFWS, such as removal of foxes, have allowed the goose 

population to recover, and the species was delisted in March 2001, Observations made in 2001 

indicate that the geese are successfully nesting on Arnchitka. These herbivorous waterfowl are 

primarily terrestrial grazers but may also consume aquatic plants and algae (White et al., 1977). 

They may come into contact with site contaminants through ingestion of plants, surface water, 

and sediment. Incidental ingestion of water column invertebrates may occur during ingestion of 

surface water, but this is considered an insignificant exposure pathway. The assessment endpoint 

@ used in the ecological risk assessment is the potential for significant adverse effects on waterfowl 

abundance. 

The Bald Eagle (Haliaeetu.~ leucocephalw) is common year-round resident on Amchitka Island. 

Although the Bald Eagle is listed as a threatened specics in the conterminous lower 48 states, it is 

not a listed species in the northern part of its range. In most habitats, the Bald Eagle feeds 

primarily on fish, but it is opportunistic and will feed on mammals or birds, especially carrion 

(Terres, 1991). On Amchitka, birds and mammals comprise a significant percentage of the Bald 

Eagle's diet (White et al., 1971). The Bald Eagle is a top-level predator and may be exposed to 

contaminants that bioaccurnulate in the food chain. Bald Eagles may be exposed to contaminants 

through direct contact with surface water and sediment and ingestion of surface water. Incidental 

ingestion of water column invertebrates during ingestion of surface water may also occur, 

although this latter pathway is considered very insignificant in comparison to the potential 

exposure in its fish diet. The assessment endpoint in the ecological risk assessment is the 

potential for significant adverse effects on Bald Eagle abundance. 

The Norway rat (Ruttus norvegicus) is the only terrestrial mammal inhabiting Amchitka. This 

invasive species persists primarily along the beaches where it exists on rotted kelp and other 



marine plants and animals, as well as upland plants. The data collected in the lower reached of 

streams and creeks show little evidence for migration of mud pit contaminants to the marine 

environment. Also, although soils samples were only collected near the surface ground zeros and 

not in relation to the mud pits, visual assessment of the sites indicated that contamination from 

the mud pits would most likely affect adjacent streams and ponds and not surrounding soils 

(Shannon & Wilson 2001). Therefore, although Norway rats are eaten by bald eagles at 

Arnchitka, this is not a significant pathway for bald eagle exposure to mud pit contaminants, and 

it was not evaluated in the ecological risk assessment. 

3.2.2.2 Assessment Endpoints 

Deep drilling operations on Amchitka Island required the use of large volumes of drilling muds. 

These muds were contained in mud pits, but historically had releases to the streams, lakes, and 

ponds on site. Contaminants associated with drilling muds (chromium, PAHs, BTEX 

compounds, and DROs) as well as PCBs may have impacted the surface water and sediments of 

these surface water bodies. Ecological receptors may be exposed to these constituents through 

direct contact, ingestion of surface water, incidental ingestion of sediments, and ingestion of prey 

and plants that have accumulated constituents at high enough levels that they present a risk to the 

I) environment. Through the conceptual site model, sensitive environmental receptors were 

identified as well as potentially complete exposure pathways. As described in the previous 

section, assessment endpoints were identified as the following: 

The potential for significant adverse effects on benthic invertebrate community 
abundance and diversity; 

• The potential for significant adverse effects on plant species abundance, diversity, 
and primary production; 

The potential for significant adverse effects on freshwater fish abundance; 

The potential for significant adverse effects on waterfowl abundance; and 

The potential for significant adverse effects on bald eagle abundance. 

Assessment endpoints are inferred from effects to one or more measurement endpoints. 

Measurement endpoints (discussed in Section 3.3) are measurable responses to stressors that are 

related to the valued attribute of the chosen assessment endpoints. The measurement endpoint 

servcs as a surrogate attribute of the ecological entity of interest (or of a closely related 
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ecological entity) that can be used to draw a predictive conclusion about the potential for effects 

to the assessment endpoint. Infbrmation gathered from earlier site visits or from historical 

literature regarding the Amchitka Island was used to assist in the selection of assessment and 

measurement endpoints. 

3.2.2.3 Risk Questions and Hypotheses 

Based on the CSM and the assessment endpoints, the risk questions for the ecological risk 

assessment are stated as follows: 

Do constituents in the sediment that are related to the drilling mud pits cause 
adverse effects to benthic invertebrates? 

Do constituents in the surface water and sediment that are related to the drilling 
mud pits cause adverse effects to aquatic macrophytes? 

Do constituents in the surface water and sediment that are related to the drilling 
mud pits cause adverse effects on fish populations? 

Do constituents in the surface water and sediment that are related to the drilling 
mud pits cause adverse effects on omnivorous waterfowl that feed on aquatic 
plants and aquatic invertebrates? 

Do constituents in the surface water and sediment that are related to the drilling 
mud pits cause adverse effects on herbivorous waterfowl that feed on aquatic 
plants? 

Do constituents in the surface water, sediment, and fish that are related to the 
drilling mud pits cause adverse effects on piscivorous birds that feed on fish? 

3.3 Ecological Risk Assessment Study Design 

The Ecological Risk Assessment Study Design establishes the measurement endpoints and the 

procedures to follow to assess the measurement endpoints. The procedures were detailed in the 

WP (DOE, 2002), and the measurement endpoints are summarized below. 

3.3. I Benthic Invertebrate Communities 

The assessment endpoint for this ecological risk assessment is the potential for significant 

adverse effects on benthic invertebrate community abundance and diversity, Evaluation of risks 

to the benthic invertebrate community is based on a weight of evidence approach typically 

@ referred to as the sediment quality triad (Long and Chapman, 1985). This incorporates 

measurements of chemistry, toxicity, and biology. The measurement endpoints used are the 
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0 following: 

Contaminant exposure concentrations in sediment exceeding toxicity values 
indicative of impacts; 

Significant toxicity to benthic invertebrates in laboratory toxicity tests with whole 
sediment samples; and 

Significant adverse differences in benthic community indices (i.e., Family Biotic 
Index, Ephemeroptera-Plecoptera-Trichoptera (EPT) relative abundance, and 
Species Diversity). 

The results of the laboratory toxicity tests and the benthic community analysis, as well as the 

chemical analyses for those samples, are presented as an appendix in the site characterization 

report (Shannon & Wilson, 2001) and are incorporated into this ecological risk assessment. 

3.3.2 Aquatic Plants 

The assessment endpoint for this ecological risk assessment is the potential for significant 

adverse effects on plant species abundance, diversity, and primary production. The dominant 

plant species providing habitat and a food source to wildlife and fish are aquatic mosses and 

water milfoils. The measurement endpoint for this assessment endpoint is contaminant exposure 

concentrations in excess of relevant surface water toxicity values. 

Relevant surface water toxicity values were derived from literature sources including USEPA's 

ambient water quality criteria documents and the AQUIRE database. When possible, toxicity 

values representing these families of aquatic plants (i.e., aquatic mosses and water milfoils) were 

used. Potential risk were evaluated through the use of a Hazard Quotient (HQ) defined as the 

following: 

HQ = 
EEC 

Benchmark 

where: 

HQ = Hazard Quotient; 
EEC: = estimated environmental concentration; and 

Benchmark = relevant toxicity value, 

3.3.3 Fish Population * The assessment endpoint for this ecological risk assessment is the potential for significant 



adverse effects on freshwater fish abundance. The Landlocked Dolly Varden was selected as the @ indicator receptor since it is likely to have the greatest degree of exposure to rite constituents. 

However, effects on other salmonid species were investigated regarding possible species-specific 

differences in sensitivity. The measurement endpoint is significant adverse effects on survival, 

growth, or reproduction as measured by the following methods: 1)  a comparison of exposure 

concentrations to appropriate toxicity values and 2) a comparison of tissue residue values with 

residue effect thresholds. 

Relevant surface water toxicity values were derived from literature sources including USEPA's 

ambient water quality criteria documents and the AQUIRE database. Relevant residue effect 

thresholds were obtained, where possible, from the open literature. When possible, toxicity 

values for salmonid species of fish were used. Potential risks were evaluated through the use of a 

Hazard Quotient (HQ) defined as the following: 

HQ = 
EEC 

Benchmark 
and 

Tissue Concentralion 
HQ = 

RET 
where: 

EEC - - estimated environmental concentration; 

Benchmark = relevant toxicity value; and 

RET - - residue effect threshold. 

3.3.4 Wildlife 

The assessment endpoint for this ecological risk assessment is the potential for significant 

adverse effects on waterfowl abundance or on Bald Eagle abundance. The measurement 

endpoint is significant adverse effects on survival, reproduction, or growth of Green-winged 

Teal, Aleutian Canada Goose, and Bald Eagle. To assess this endpoint, the dose to these species 

for each of the COPECs were modeled and compared to appropriate toxicity reference values. 

Both the Green-winged Teal and the Aleutian Canada Goose are assumed to be potentially 

exposed to site related constituents at the ponds and lakes but not at the streams due to their 

@ small size and flow characteristics. The dose for each of these receptors is represented by the 

cumulative dose from all appropriate exposure routes. For the Green-winged Teal, these are 
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ingestion of aquatic plants, ingestion of water column invertebrates, ingestion of surface water, 

incidental ingestion of sediment, ingestion of rooted aquatic plants, and ingestion of benthic 

invertebrates. For the Aleutian Canada Goose, the exposure routes are the same as that for the 

Green-winged 'Seal except that the Aleutian Canada Goose is assumed to be exclusively 

herbivorous and would not be significantly exposed through ingestion of water column or 

benthic invertebrates. 

The Bald Eagle consumes fish, birds, and mammals in its diet. Due to the small size of fish 

throughout most of the ponds, lakes, and streams on Amchitka Island, the Bald Eagle would only 

be expected to feed on fish from Cannikin Lake. However, they may feed on Green-winged Teal 

or other small waterfowl from any of the ponds and lakes. Ingestion of surface water or 

incidental ingestion of sediment may also occur in any of the ponds and lakes, but is not likely in 

the streams since bald eagles are not expected to use the streams as feeding areas. Therefore, the 

exposure concentrations from ponds and lakes were used in dose modeling. The dose is 

represented by the cumulative dose from all appropriate exposure routes. 

Appropriate concentrations of contaminants in surface water and sediment have been measured; 

@ concentrations of contaminants in fish at Cannikin Lake have also been measured. 

Concentrations in waterfowl were estimated based on surface water and sediment concentrations 

and appropriate media-to-biota transfer factors as found in the literature. Concentrations of 

contaminants in aquatic plants and invertebrates are estimated based on surface water and 

sediment concentrations and appropriate media-to-biota transfer factors as found in the literature. 

Potential risk is evaluated through the use of a Hazard Quotient (HQ) defined as the following: 

Dose 
HQ = 

Benchmark 

The benchmark values for wildlife (i.e., Green-winged Teal, Aleutian Canada Goose, and Bald 

Eagle) are referred to as toxicity reference values (TRV) and these are expressed in terms of a 

contaminant dose to the organism. The TRVs focus on growth, survival, and reproduction of 

species. Generally, TRVs are not available for specific contaminant-receptor combinations for 

the ecological receptors identified in the ecological risk assessment. Thus, data on surrogate 

species are often used. The no observable adverse effect level (NOAEL) is assumed to be @ appropriate for deriving wildlife TRVs for the initial stages of an ecological risk assessment 



since it provides the greatest degree of protection to the rcceptor species (ADEC, 2000~). 

'Toxicity information was gathered from available sources, such as the Toxicological 

Benchmarks for Wildlife: 1996 Revision (Sample et al., 1996), and the open literature. Since 

the toxicity information usually available is provided for test species which are not the same as 

the wildlife receptor species identified in the ecological risk assessment, the NOAEL for the test 

species are used to derive the wildlife TRVs for the receptor species. Studies have shown that 

sensitivity to toxic chemicals usually varies among different species of mammals as a function of 

body size. This is due to the fact that many physiological functions, such as metabolic rates, are 

related to body size such that smaller species have higher metabolic rates and are more resistant 

to toxic chemicals because of more rapid detoxification. However, research by Mineau et al. 

(1996) suggests that scaling factors, as developed for mammals to account for body size 

differences, are not appropriate for extrapolation between different species of birds. They found 

that for 29 of the 37 chemicals they investigated, the ratio of the NOAELs between species was 

not significantly different than 1. Thus, the scaling factor for birds is assumed to be 1 (Sample et 

al., 1996). This means that the NOAEL for the wildlife bird receptor species is equal to the 

NOAEL for the test bird species (i.e., the body-weight normalized NOAEL doses are the same @ for birds regardless of body size). 

Chronic NOAELs for the test species used to derive TRVs for the wildlife receptor species are 

not always available. Instead, test endpoints may be chronic or acute, or reported as lowest 

observable adverse effect levels (LOAEL) or even lethal doses-50% (LD50). In such cases, test 

species chronic NOAELs are conservatively derived from the reported test endpoints through the 

application of safety factors or uncertainty factors (UF). In deriving wildlife TRVs, the UFs 

were the following (ADEC, 2000~): 

Chronic NOEL - UF = 1 

Chronic NOAEL - UF = 1-2 

Chronic LOEL - UF = 5 

Chronic LOAEL - UF = 5- 1 0 

Subchronic NOEL - UF = 5 

Subchronic NOAEL - UF = 5-1 0 

Subchronic LOEL - UF = 25 

Subchronic LOAEL - UF = 25-50 

Acute NOEL - UF = 20 



Acute NOAEL - UF = 20-40 

Acute LOEL - UF = 100 

Acute LOAEL - UF = 100-200 

Acute LD50 - UF = 250 

The cumulative HQ is presented as the Hazard Index (HI) defined as the following: 

where all HQs for a species at a particular site are summed together. 

3.4 Investigation and Data Analysis 

The site investigation consisted of the collection of surface water for chemical analysis, sediment 

for chcmical analysis and/or toxicity testing, fish for chemical analysis, and benthic invertebrates 

for benthic community analyses. The site investigations were conducted prior to the human 

health and ecological risk assessment work plan, and were not conducted specifically to 

@ implement this risk assessment. However, supplemental sampling for PCB analysis was 

conducted in 2001 as a result of ADEC comments on the WP. The results of the site 

investigations are summarized in this section. 

3.4.1 Surface Water Sampling 

Surface water samples were collected form Falls Creek, Drill Site D Lake, Drill Site E Stream, 

Limpet Creek, Bridge Creek, Reed Pond, Long Shot Pond, Cloudberry Creek, Rainbow Creek, 

Clevenger Creek, Heart Lake, Cannikin Lake, White Alice Creek, and four reference streams. 

Analyses conducted on some or all of these samples were inorganics, PAHs, VOCs, PCBs, and 

DRO. No organic compounds were detected in surface water samples. Several metals were 

detected in some or all of the surface water samples: aluminum, arsenic, barium, boron, calcium, 

chromium, cobalt, copper, iron, lithium, magnesium, manganese, molybdenum, nickel, 

potassium, strontium, thallium, titanium, vanadium, and zinc, However, only six of these metals 

(i.e., aluminum, barium, boron, copper, iron, and titanium) were detected in any of the surface 

water samples above their respective ESVs. 

3.4.2 Sediment Sampling 

@ Sediment samples were collected from Falls Creek, Drill Site D Lake, Drill Site E Stream, 



Limpet Creek, Bridge Creek, Reed Pond, Long Shot Pond, Cloudberry Creek, Rainbow Creek, 

Clevenger Creek, Hcart Lake, Cannikin Lake, White Alice Creek, and four reference streams. 

Analyses conducted on some, or all, of these samples were inorganics, PAHs, VOCs, PCBs, 

DRO, and TOC. DROs were detected in many of the sediment samples. PAHs were detected in 

samples from a few locations, but not above the ESVs. PCBs were detected in some sample 

locations, and one sample was above the ESV. VOCs were detected most frequently in Cannikin 

Lake, but were also detected in a few other pond and lake samples; TOC data were not available 

for these samples to determine whether the detected concentrations exceeded the ESVs. Metals 

were detected in all the sediment samples and several were detected above the ESV and 

background levels: aluminum, arsenic, barium, cadmium, chromium, copper, iron, nickel, and 

zinc, 

3.4.3 Toxicity Testing 

The toxicity testing performed was presented in the Triad Analysis of Drill Site and Test Site 

Stream Sediments (IT, 1999), which appeared as an appendix to the Site Characterization Report 

(Shannon & Wilson, 2000). ' h e  results are summarized in this section. * 3.4.3.1 Toxicity Test Sample Locations 

Sediment samples were collected for the purpose of toxicity testing from both upland and 

lowland streams. Upland streams were Drill Site D Stream, Drill Site E Stream, Drill Site F 

Stream, and two reference streams: Reference Stream #3 and Reference Stream #4. Lowland 

streams were Clevenger Creek, Bridge Creek, Rainbow Creek, Cloudberry Creek, White Alice 

Creek, and two reference streams: Reference Strearn #1 and Reference Stream #2. Three 

samples were collected from each of the streams, with the exception of White Alice Creek where 

four samples were collected. Sample location maps are presented in Appendix B. 

3.4.3.2 Toxicity Tests 

The 10-day freshwater sediment bioassay tests were performed according to ASTM Method E 

1706-95b (1 998) using larvae of the midge Chironomz4s tentans. The test procedures are 

summarized in the following sections. 

3.4.3.2.1 Preparation of Sediment Samples for Testing 

Once the samples had arrived at the laboratory, the samples were stored at 4 OC until used for 

testing. Sediment samples used for toxicity testing were not sieved prior to use due to the high 



percentage of gravel and large pieces of plant material in the samples. Control sediments were * collected from Spruce Run Reservoir in Clinton, New Jersey The control sediments were sieved 

prior to transport to the laboratory. The control sediments were stored at 4 OC prior to use. 

3.4.3.2.2 Test Organisms 

Test organisms (Chironomus tentans) used in the toxicity tests were obtained from stock cultures 

maintained by ABS, Inc. of Fort Collins, Colorado. Prior to testing, the organisms were held 

under conditions similar to testing conditions. Once daily, the chironomids were fed 

approximately 4.0 mg of flake fish food. Reference toxicant tests using potassium chloride as 

the toxicant were conducted concurrently with each of the ten-day exposures to verify the health 

of the lot of organisms used in the tests. The 48-hr LC,, values of 1,800 ppm, 1,125 ppm and 

1203.1 ppm for the three lots of test organisms were within ranges of a round robin study 

conducted by the USEPA in 1992. 

3.4.3.2.3 Experimental Procedures 

Test chambers were filled with 100 rnl of sediment that was covered with 175 ml of laboratory 

reconstituted fresh water with a hardness of 100 mg/I,. All test chambers were allowed to settle 

for 24 hours prior to test initiation. After the settling period, water changes were performed and @ alkalinity, ammonia, conductivity and pH were measured within each test chamber prior to the 

introduction of the organisms. Dissolved oxygen and temperature were measured initially and 

every 24 hours for the duration of the 10-day exposure. 

The exposure period began by placing 10 randomly selected test organisms into each of the eight 

replicate test chambers for each sample location and control sample, Approximately 4.0 mg of 

fish food was then added to each test chamber, Each day during the exposure period, the number 

of dead organisms was observed and recorded. The overlying water was siphoned off twice per 

day and replaced. 

At the end of the 10-day exposure period the physical water quality parameters were recorded 

from each test chamber. Each chamber was gently stirred and poured through a #60 mesh sieve 

and rinsed in a shallow pan. The remaining contents on the sieve were placed into a second 

shallow pan of water over a light table. The sieve was sorted to remove surviving test organisms. 

All surviving organisms were transferred to a 30 rnl cup to record the number of survivors and * prepare them for dry weight analysis. 



@ 
After all test chambers had been sorted and the number of surviving organisms from each test 

chamber had been recorded, 0.5 ml of ethanol was added to each cup to kill the test organisms. 

The organisms were then transferred to a previously dried and weighed aluminum pan and placed 

in a drying oven maintained at 10S°C for six hours. Upon removal from the oven, the pans were 

placed into a dessicator to cool. The organisms were weighed to the nearest 0.01 mg. 

3.4.3.2.4 Data Analysis 

Data analysis was performed following procedures published by the USEPA. Data for each 

sample replicate chamber consisted of survival (percentage of initial organisms surviving to the 

end of the test), growth (average dry weight of surviving organisms), and biomass (total dry 

weight of surviving organisms). Since the toxicity tests were conducted in three batches, the data 

were control normalized in order to make appropriate comparisons. Normalization consisted of 

expressing the results as a percentage of the average laboratory control response for the 

laboratory control sample tested concurrently with the particular sample. 

3.4.3.2.5 Results 

The results of the sediment toxicity tests are presented in Table 3-4 and Table 3-5 and are 

@ discussed in the following sections. 

Survival in the upland stream samples ranged from 26.25% in Stream D Location 2 to 91.25% in 

Reference Stream 3 Location 4 and Reference Stream 4 Location 3. The control-normalized 

survival ranged from 27.99% Stream D Location 2 to 102.82% in Reference Stream 4 Location 

3. Growth in these samples ranged from an average dry weight per surviving organism of 0.280 

mg in Stream E Location 4 to 1.367 mg in Stream D Location 1, The control-normalized growth 

ranged from 55.6% in Stream E Location 4 to 185.1% in Stream D Location 1. The total 

surviving biomass ranged from 1.82 mg in Reference Stream 3 Location 1 and Location 2 to 6,37 

mg in Stream D Location 1. The control-normalized biomass ranged from 33.2% in Stream D 

Location 2 to 92.2% in Stream D Location 1. 

Survival in the lowland stream samples ranged from 0% in Rainbow Creek Location 3 to 92.5% 

in White Alice Creek Location 2. The control-normalized survival ranged from 0% in Rainbow 

Creek Location 3 to 104.23% in White Alice Creek L,ocation 2. Growth in these samples ranged 

from 0 mg in Rainbow Creek Location 3 to 1.3 15 mg in Cloudbemy Creek Location 1. The 

@ 
control-normalized growth ranged from 0% in Rainbow Creek Location 3 to 177.9% in 

Cloudberry Creek Location 1. The total surviving biomass ranged from 0 mg in Rainbow Creek 



Location 3 to 6.77 in Cloudberry Creek Location I. The control normalized-biomass ranged 

from 0% in Rainbow Creek Location 3 to I 1  6.3% in White Alice Creek Location 2, 

3.4.4 Benthic Community Analysis 

The benthic community analysis conducted at the site was presented in the Triad Analysis of 

Drill Site and Test Site Stream Sediments (IT, 1999), which appeared as an Appendix to the Site 

Characterization Report (Shannon & Wilson, 2000). The results are summarized in this section. 

3.4.4. I Benthic Community Analysis Sample Locations 

Benthic community analyses were conducted at the same locations as sampled for toxicity 

testing. Upland streams were Drill Site D Stream, Drill Site E Stream, Drill Site F Stream, and 

two reference streams: Reference Stream #3 and Reference Stream #4. Lowland streams were 

Clevenger Creek, Bridge Creek, Rainbow Creek, Cloudbemy Creek, While Alice Creek, and two 

reference streams: Reference Stream #1 and Keference Stream #2. Three areas were samples 

from each of the streams, with the exception of White Alice Creek where four samples were 

collected. Sample location maps are presented in Appendix B. 

Benthic Community Analysis Methods 

Benthic macroinvertebrate samples were collected and analyzed for calculation of appropriate 

benthic metrics. The procedures used are summarized in the following sections. 

3.4.4.2.1 Benthic Macroinvertebrate Sorting, Enumeration and Identification 

The benthic macroinvertebrate samples were subsampled and sorted to remove organisms from 

the vegetative debris. Organisms removed from the debris were identified to a minimum of 

family-level taxonomic classification. Lower classification was not practical in most cases 

because of the early life stages (instars) of the organisms present in the samples. 

3.4.4.2.2 Subsampling and Sorting 

The contents of multiple containers from each sampling location were poured into a 0.25-mm 

sieve and rinsed with cold tap water to remove formalin and siltlclay particles from the sample. 

The sample was then removed from the sieve and placed into a stainless steel mixing bowl to be 

homogenized by stirring with a spoon. The bowl was then emptied into a white enamel pan 

partially filled with water. Large pieces of grass and rock were removed from the pan after any 

adhering organisms were removed and placed with the remainder of the sample. The remaining 

residue in the pan, containing gravel, algae, small bits of vegetation and invertebrates, was 

emptied into a Folsom plankton splitter and homogenized. Each time the sample was poured 
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into the splitter it was separated into equal volumes. A 100-organism target subsample size was 

used in order to expedite laboratory processing and to ensure valid comparability of individual 

metrics. A11 organisms were removed from each successive fraction (e-g., 118, 114, 112) until at 

least 100 organisms were removed, and were placed into glass vials containing ethanol. Each 

vial containing invertebrates was labeled with the station identification number. 

3.4.4.2.3 Macroinvertebrate Identification 

Organisms were identified using keys developed by Merritt and Curnrnins (1 984), Peckarsky, et 

al. (1 990) and Pennak (1 989). Each taxon of organisms identified at each location was placed 

into separate vials containing ethanol as a preservative in order to assemble a reference collection 

for this project. The organisms identified from each station location were enumerated and 

recorded on laboratory data sheets. 

3.4.4.2.4 Data Analysis 

In order to evaluate the benthic macroinvertebrate component of the Triad the following three 

metrics were calculated: diversity, percent relative abundance of EPT taxa, and modified family 

e biotic index. These metrics are described in detail below. 

Diversity 

Diversity (H'), also known as the Shannon's Index, was calculated using the program 

SPD1VERS.BAS from Ludwig and Reynolds (1 988). For this investigation, H' was calculated 

using logarithmic base e.  The equation for estimating H' is: 

Shannon's Diversity Index is based on information theory and is a measure of the average degree 

of uncertainty in predicting the taxon of an individual chosen at random from a collection of S 

taxa and n individuals. The average uncertainty increases as the number of taxa increases and as 

the distribution of individuals among the taxa becomes even. Therefore, H' incorporates both the 

number of taxa and the relative abundance of organisms among the taxa. H' is equal to zero if 

and only if there is one taxon in the sample. The maximum possible value of H' for a particular 

sample is the lag of the total number of taxa in the sample. H' is maximum only when all taxa 

contain the same number of individuals (i.e., when there is a perfectly even distribution of 



Percent Relative Abundance of EPT Taxa 

The EPT taxa, Mayflies (Ephemeroptera), Stoneflies (Plecoptera) and Caddisflies (Trichoptera), 

are generally more abundant in areas of higher water quality (i.e., they are pollution sensitive). 

The relative abundance of organisms within the EPT taxa was calculated by dividing the number 

of organisms within the Families Ephemeroptera, Plecoptera, and Trichoptera, by the total 

number of organisms in the sample and is expressed as a percentage. 

Modified Family Biotic Index 

The Modified Family Biotic Index (FBI) metric was calculated from the benthic 

macroinvertebrate data from each location as part of the procedures outlined in USEPA Rapid 

Bioassessment Protocol I1 (RBP 11), (U.S. USEPA, 1989b). This index, developed by Hilsenhoff 

(1988), summarizes the tolerances of the benthic macroinvertebrate community to pollutants with 

a single value. Tolerance values used in the calculation of FBI were obtained from Hilsenhoff 

(1988) and Bode (1988). The FBI is calculated by multiplying the number of organisms in each 

taxon by the tolerance value for that taxon, summing the products, and dividing by the total 

number of organisms in the sample for which an index exists. Values for the FBI range from 

0.00 to 10.00 with higher values corresponding to greater levels of pollution tolerance. Higher 

FBI values are, therefore, indicative of greater levels of environmental stress. 

3.4.4.3 Benthic Community Analysis Results 

The results of the benthic macroinvertebrate community analysis are presented in Tables 3-6 and 

3-7 and are summarized in the following sections. 

3.4.4.3. I Upland Streams 

A summary of taxa identified at the upland stations is shown in Table 3-6. The FBI, EPT, and 

species diversity values are shown at the bottom of the Table. 'The FBI ranged from 4.38 at Site 

E Stream Location 1 to 7.94 at Reference Stream 4 Location 3. The relative abundance of EPT 

taxa ranged from 1.1% at Reference Stream 4 Location 3 to 70.8% at Site E Stream Location 1. 

Species diversity values ranged from 0.12 at Reference Stream 4 Location 3 to 1.47 at Site D 

Stream Location 2. 

Site D Stream 

A total of nine taxa were identified at the Stream D stations. The dominant organisms a Stream 



D were two Families of amphipods (Gammaridae and Talitridae). Of the six taxa identified at 

Station Dl ,  Hyulella sp. were the dominant organisms. Chironomidae larvae and Gammarid 

amphipods were also present in abundance at Location Dl .  Five taxa were identified at D2 

where the dominant organism was Chironomidae larva. Five taxa were identified at D4 where 

Tubifex worms were dominant. The FBI ranged from 5.54 at D2 to 7.09 at D4. The overall FBI 

values at the Stream D stations were higher than the overall values at Reference Stream 3 and 

lower than the overall FBI values at the Reference Stream 4 stations. The relative abundance of 

EPT taxa ranged from 6.10% at Dl  to 25.7% at D2. The overall relative abundance of EPT taxa 

at the Stream D stations was lower than the overall values at Reference Stream 3 and higher than 

the overall values at Reference Stream 4. Species diversity ranged from 0.98 at D4 to 1.47 at D2. 

Overall species diversity values at the Stream D stations were higher than the overall values at 

Reference Streams 3 and 4. 

Site E Stream 

A total of six taxa were identified in the Stream E samples where mayfly nymphs, (Pseudocloeon 

sp.) were the most abundant organisms. (An adult arachnid, a terrestrial spider, was also found 

in the Stream E samples.) A total of four taxa were identified at Stream E Location 1 and @ caddisfly larvae (Limnephilidae) were numerically dominant. Three taxa were identified at E2, 

where Mayfly nymphs were dominant. Two taxa were identified at E4 where Caddisfly larvae 

and Tubifex worms were identified. The FBI ranged from 4.38 at El to 5.33 at E4, Overall FBI 

values at Stream E were lower than the overall FBI values at Reference Stream 3 or 4. The 

relative abundance of EPT taxa ranged from 70.8% at E l  to 66.7% at E4. The overall relative 

abundance of EPT taxa at Stream E was higher than the overall relative abundance of EPT taxa at 

Reference Streams 3 and 4, Species diversity decreased from 1.23 at El  to 0.64 at E4. Overall 

species diversity values for the Stream E were lower than the overall Reference Strearn 3 

diversity values but higher than the overall diversity values at Reference Stream 4. 

Site F Stream 

A total of eight taxa were identified at Stream F (Limpet Creek). A total of five taxa were 

present at Site F Location 1. Clams (Sphaeriidae) and amphipods (Hyulella sp.) were dominant 

at F1. Three taxa were identified at F3, and Tubifex worms were the dominant taxon. Four taxa 

were identified at F5 where Tubifex worms were also the dominant taxon. The FBI ranged from 

7.09 at F5 to 7.84 at F 1. Overall FBI values at the Stream F sampling locations were higher than 

the overall values at Reference Stream 3 and similar to the overall values at Reference Stream 4. 

The relative abundance of EPT taxa ranged from 1.3% at FT to 22.7% at F5. The overall relative 



abundance of EPT taxa for the Stream F were lower than the overall values at Reference Stream @ 3 but greater than the overali values at the Reference Stream 4 stations. 

3.4.4.3.2 Lowland Streams 

A summary of the taxa identified at the lowland stations is shown in Table 3-7. The FBI, EPT, 

and species diversity values are shown at the bottom of the Table. The Family Biotic Index 

ranged from 4.14 at Reference Stream 2 Location 5 to 7.72 at Bridge Creek Location 3, 'I'he 

percent relative abundance of EPT taxa ranged from 86.40% at Reference Stream 2 Location 5 to 

0% at White Alice Creek Location 4 and Cloudberry Creek Location 1. Species diversity values 

varied from 1.6 at Clevenger Creek Location 2 to 0.3 1 at Reference Stream 1 Location 1. 

Bridge Creek 

A total of nine taxa were identified in the Bridge Creek samples. Chironomid larvae and 

Caddisfly larvae (Limniphilidae) were the most abundant taxa in terms of relative abundaice. Of 

the seven taxa identified at Bridge Creek Location 2, Chironomidae and Limniphilidae larvae 

were numerically dominant. Tubificid worms were the most abundant organisms of the four taxa 

identified at Bridge Creek Location 3. Of the four taxa identified at Bridge Creek Location 5, 

@ Chironomid larvae and clams (Sphaeriidae) were most abundant. The family biotic index ranged 

from 5.76 at the upstream station Bridge Creek 2 to 7.72 at Bridge Creek 3, The FBI value of 

5.76 at Bridge Creek 2 is lower than the FBI values at all Reference Stream 1 sampling stations. 

The FBI calculated at Bridge Creek 3 is higher than the FBI values calculated at Reference 

Streams 1 and 2. The relative abundance of EPT taxa ranged from 28.20% at Bridge Creek 2 to 

1.5% at Bridge Creek 3. The EPT abundance at Bridge Creek 2 was higher than that at 

Reference Stream 1 Location 1 and Reference Stream 2 Location 2, which had EPT percentages 

of 7,9% and 4.7% respectively. Species diversity ranged from 1.29 at Bridge Creek 2 to 0.34 at 

Bridge Creek 3. Species diversity was higher at Bridge Creek 2 than at the upstream reference 

Locations, Reference Stream 1 Location 1 and Reference Stream 2 Location 2, which had 

diversity values of 0.3 1 and 0.65 respectively. Diversity at Bridge Creek Location 3 was lower 

than at the corresponding reference stations (Reference Stream 1 Location 3 and Reference 

Stream 2 Location 3), which had values of 1.22 and 0.73. 

Cloudberry Creek 

A total of 14 taxa were identified in the Cloudbeny Creek samples. Chironornid larvae and 

isopods (Asellidae) were the most abundant taxa in terms of relative abundance. Five taxa were @ identified at Cloudbeny Creek Location 1 with Chimnomidae larvae being the most abundant. 



@ 
Nine taxa were present at Cloudbeny Location 2, with Chironomidae larva and isopods being 

most abundant. Of the seven taxa identified at Cloudbeny 5, Chironomidae larvae were 

numerically dominant. Significantly fewer Chironomidae larvae were present at Cloudberry 5 as 

compared to Cloudberry Locations 1 and 2, Family Biotic Index values ranged from 6.10 at 

Cloudberry 1 to 6.94 at Cloudberry 2. Overall FBI values for Cloudberry Creek were higher than 

those calculated from the Reference Streams 1 and 2 data. The relative abundance of EPT taxa 

ranged from 0% at Cloudberry 1 to 13.9% at Cloudberry 5. The overall percentage of EPT taxa 

was lower fbr Cloudbeny Creek than for Reference Streams 1 or 2. Species diversity values 

ranged from 0.67 at Cloudberry 1 to 1.45 at Cloudberry 2, Overall species diversity values for 

Cloudberry Creek were higher than those calculated for Reference Streams 1 and 2. 

Clevenger Creek 

A total of 12 taxa were identified at the Clevenger Creek stations. The most abundant taxa 

identified in the Clevenger Creek samples were Chironomidae larvae. Six taxa were identified at 

Clevenger Creek Location 1 and Chironomidae larvae and isopods were dominant. Seven taxa 

were identified in Clevenger Creek Location 2 where Mayfly nymphs (Pseduncloeon sp.) were * dominant, Five taxa were identified at Clevenger 5 where Tubifex worms were present in the 

greatest number. Overall abundance of organisms decreased from upstream station Clevenger 2 

to downstream station Clevenger 5. The FBI values ranged from 5.45 at Clevenger 2 to 6.83 at 

Clevenger 5. The FBI values calculated for the Clevenger Creek samples fall within the range of 

FBI values at Reference Streams 1 and 2. The relative percent abundance of EPT taxa increased 

from 2.4% at Clevenger 1 to 38% at Clevenger 2. Overall EPT abundance at the Clevenger 

Creek stations were greater than that at Reference Stream 1 but lower than Reference Stream 2. 

Species diversity increased from 0.93 at Clevenger 1 to 1.6 at Clevenger 2. Overall species 

diversity values at the Clevenger Creek stations were higher than at Reference Streams 1 or 2. 

Rainbow Creek 

A total of eight taxa of benthic macroinvertebrates were identified in the Rainbow Creek 

samples. A terrestrial arachnid was also found in the Location 2 sample. The most abundant 

organisms were Chironomidae larvae. Six taxa were identified at Rainbow Creek Location 2 and 

Diamesinae midge larvae were numerically dominant, Chironomidae larvae were dominant at 

Rainbow Creek 3, where a total of three taxa were identified. Four taxa were identified at 

Rainbow Creek 5 where Chironomidae larvae were also dominant. The FBI index ranged from 

5.89 at Rainbow Creek 3 to 6.15 at Rainbow Creek 5. Overall FBI values at the Rainbow Creek 

stations were lower than Reference Streams 1 or 2. The relative abundance of EFT taxa 



increased in a downstream direction from 3.1 % at Rainbow Creek 2 to 8.9% at Rainbow Creek 5. * The overall relative abundance of EPT trxa were higher at Reference Streams I and 2 than in 

Rainbow Creek. Species diversity ranged from 0.34 at Rainbow Creek 3 to 1.01 at Rainbow 

Creek 5. Overall species diversity values at the Rainbow Creek stations were within the range of 

the values obtained at Reference Stream 1 and lower than the overall species diversity values at 

Reference Stream 2. 

White Alice Creek 

A total of twelve taxa were identified from the White Alice Creek samples. Amphipods 

(Garnmaridae) were dominant in terms of relative abundance follbwed by Chironomidae larvae. 

Chironomidae larvae were dominant at White Alice Creek Location 2 where four taxa were 

identified, Eight taxa were identified at White Alice Creek 3 where midge larvae and blackfly 

larvae were dominant. Amphipods (Gammaridae) were dominant at White Alice 4 where five 

taxa were identified. Chironomidae larva and amphipods were dominant at White Alice 5 where 

eight taxa were identified. Benthic macroinvertebrate abundance generally increased from the 

upstream stations towards the downstream stations. The FBI ranged from 4.23 at White Alice 4 

to 6.27 at White Alice 3. Overall FBI values at the White Alice Creek stations were lower than 

Reference Streams 1 or 2. The relative abundance of EPT taxa ranged from 0% at White Alice 4 

to 21.1% at White Alice 2. Overall EPT abundance at the White Alice Creek stations was lower 

than Reference Streams 1 or 2. Species diversity ranged from 0.42 at White Alice 4 to 1.41 at 

White Alice 3. Overall species diversity at the White Alice Creek stations was lower than the 

overall diversity at the Reference Stream 1 stations and higher that the overall diversity values at 

the Reference Stream 2 stations. 

3.4.5 Fish Tissue Analysis 

Fish were collected from Falls Creek, Drill Site E Stream, Limpet Creek, Bridge Creek, 

Cloudberry Creek, Rainbow Creek, Clevenger Creek, Cannikin Lake, and White Alice Creek. 

Fish were generally of small size and composite samples were necessary in order to obtain 

sufficient mass necessary for the chemical analyses. Composite samples were comprised of 

whole body homogenized samples, and these were analyzed for PAHs, PCBs, and metals. The 

results were presented in the WP (DOE, 2002), and are summarized below. 

A total of 24 fish tissue samples were collected and analyzed from site locations and 14 fish 

tissue samples were collected and analyzed from reference streams. Only one PAH was detected 

in any of the fish tissue samples. One of the three fish tissue samples from Clcvenger Creek 



@ contained 0.01 55 mgkg of naphthalene. 

PCBs were detected in both samples from Falls Creek, the one sample from Rainbow Creek, two 

of three samples from Clevenger Creek, both samples from Cannikin Lake, all five samples from 

White Alice Creek, and one of the reference stream samples. PCBs were not detected in fish 

from Drill Site E Stream, Bridge Creek, or Cloudberry Creek. Aroclor 1260 was the only PCB 

detected in site samples. The highest concentration detected was 0.183 mglkg in one of the 

samples from Falls Creek. The other sample from Falls Creek had a concentration of 0.0325 

mgkg. The second highest concentration was detected at White Alice Creek (0.0394 mglkg). 

Aroclor 1260 was not detected in the reference stream samples. However, Aroclor 1254 was 

detected in one fish sample from Reference Stream #2 at a concentration of 0.00823 mglkg. 

The results of background sampling and methods for calculating background screening 

concentrations were reported in the Department of Energy 1998 Drill Site C:haracterizution 

Report (Shannon & Wilson, 2001). Background concentrations in fish were determined for 

inorganic constituents only. The background concentrations are upper tolerance limits (UTLs), 

unless the constituents were not detected in a sufficient number of samples for a valid UTL 

@ calculation. In this case, the maximum detected background concentration was used for the 

screening concentration. Several inorganics were detected in the fish tissue samples. Of the 

inorganic COPECs, aluminum and zinc were not detected above background concentrations. 

Arsenic, barium, boron, cadmium, chromium, copper, iron, nickel and titanium were found in 

some samples above the background level. 

3.5 RiskCharacterixation 

This risk characterization section presents the wildlife food-chain models, a discussion of the 

toxicity test results and benthic community analysis and possible correlations with chemical 

concentrations, a risk characterization for aquatic plants and fish populations, and an 

uncertainties analysis. 

3.5. I Food Chain Model 

This section presents a summarized approach and detailed results for a food chain model for 

terrestrial wildlife. The exposure characterization is based on site-specific data collected as part 

of the on-site investigations. The ecological effects characterization considers both NOAEL and 



LOAEL. Estimated ecological hazards from these food chain models are summarized and 

presented later in this Section. 

3.5.1.1 Exposure Characterization 

The environmental setting at the site was described in the introductory section of this report. 

Terrestrial species that could potentially be exposed to contaminants in environmental media at 

the site, and represent the different feeding guilds, include the following: 

The Bald Eagle, which feeds primarily on fish in most habitats, though birds and 
mammals comprise a significant percentage of the Bald Eagle's diet on Amchitka 
Island (White et al., 1977). 

The Green-winged Teal, which is a surface-feeding duck that feeds by dabbling 
and tipping up in shallow water, often filtering through soft mud for food; they 
feed on seeds of aquatic plants, although they also consume aquatic invertebrates, 
particularly during the breeding season and as juveniles. 

The Aleutian Canada Goose, which is primarily an upland grazer but may also 
consume aquatic plants and algae (White et a]., 1977). 

Estimation of target species exposure to COPECs is based on species-specific life history data 

(Table 3-8) and the site-specific food webs presented in the CSM (Figure 3-1). Partitioning 

models, with parameters defined by species-specific or site-specific data when available, were 

used to estimate tissue concentrations in prey species or food items for which site-specific 

measurements were no made. Modeling based on food webs was used for estimating the 

COPEC-specific average daily dose in higher trophic level species (i.e., Bald Eagle, Green- 

winged Teal, and Aleutian Canada Goose). 

As shown in the Arnchitka food webs (Figure 3-l), the members of all trophic levels may also 

come into direct contact with contaminated abiotic media. Most feeding relationships ultimately 

lead to top predators, and terrestrial and aquatic components are interconnected. 

Aquatic plants take up and incorporate nutrients, moisture, and COPECs from sediment and 

surface water. Plant tissue is consumed by herbivores (e,g., Aleutian Canada Goose). 

Omnivores (e.g., Green-winged Teal) consume both plant and animal material. Top predators 

(e.g., Bald Eagle) occupy the top of the food web. At each step in the food web, an organism 



@ 
ingests COPECs that its forage or prey has internally incorporated. Residual, surficial material 

(e.g., sediment) may also bc ingested. With biomagnifying COPECs, total exposure is presumed 

to increase from one trophic level to the next. Higher-level predators tend to be ecological 

receptors of greatest concern because of trophic biomagnification and greater longevity. 

However, where contaminant sources are not uniformly distributed, as in the many surface water 

bodies on Amchitka Island, the larger foraging range of higher-level predators has the effect of 

reducing their overall exposure. 

The aquatic food web's base is comprised of sediment, organic detritus, and surface water. 

Phytoplankton and other autotrophs absorb nutrients and COPECs directly from the water 

column. Sediment and detritus provide a substrate and source of nutrients for aquatic 

invertebrates such as zooplankton, aquatic insect larvae, and adult aquatic insects. A 

combination of bioconcentration from water, ingestion of contaminated prey, and generally 

restricted ranges for aquatic organisms can lead to significant bioaccumulation. Even 

constituents that readily adsorb onto sediment can impact aquatic biota during periods of 

turbidity (e.g., storm events). 

@ Potentially significant links between aquatic and terrestrial ecosystems nt*the site may occur 

through waterfowl that consume aquatic invertebrates and plants and piscivorous birds, which 

feed on aquatic lif'e. 

Due to the uncertainties inherent in modeling, tissue analysis data were obtained for fish as prey 

species. The Bald Eagle could be exposed to contaminants in fish from the larger lakes and 

ponds, but not from the streams. Fish tissue data is available from Cannikin Lake and is assumed 

to represent the potential exposures to the Bald Eagle. Whole-body fish tissue concentrations are 

used in the food-chain models, as opposed to edible fish tissue (fillet) concentrations. The 

exposure point concentrations (EPC) for fish tissue (the concentrations of COPECs in fish to 

which receptors are exposed) should be a conservative estimate of the average fish tissue 

concentration. However, based on the small sample size from Cannikin Lake (i.e., two samples), 

the maximum detected concentration is used as the EPC, 

Although the COPEC concentrations for fish were directly measured, those for other aquatic 

species (algae, phytoplankton, and benthic invertebrates) were not. For the purposes of the food 

@ chain model, the tissue concentrations for benthic invertebrates is given by the following 

equation: 



1 where: 

C,,, = the COPEC concentration in benthic invertebrate tissue (mglkg); 

C,,, = the COPEC EPC in the sediment (mglkg); and 

Tin, = the sediment to benthic invertebrate transfer coefficient (rnglkg per mglkg). 

Since very few sediment samples were collected in each stream, the sediment EPC for each 

COPEC is conservatively assumed to be equal to the maximum detected concentration in that 

water body. The sediment to benthic invertebrate transfer coefficients for the COPECs are 

presented in Table 3-9. The modeled concentrations in the benthic invertebrates based on the 

sediment EPCs are presented in Table 3-1 0 for each surface water body. 

COPEC concentrations in tissues of aquatic vegetation were calculated using the following two 

@ equilibrium-partitioning models: 

where: 

Cplant = the COPEC concentration in aquatic plant species tissue ( r n g k g ) ;  

Csed  = the COPEC EPC in the sediment (mgkg); 

Tplant-sed = the sediment to aquatic plant transfer coefficient (mglkg per mglkg). 

or 

1 where: 

Cplant 
= the COPEC concentration in aquatic plant species tissue (rnglkg); 

a c ,, = the COPEC EPC in the surface water (mg/L); 

Tpla~t-sed = the sediment to aquatic plant transfer coefficient (rnglkg per rng/L). 



@ 
Sediment to aquatic plant transfer coefficients are presented in Table 3-1 1. Since very few 

surface water samples were collected in each stream, the surface water EPC for each COPEC is 

conservatively assumed to be equal to the maximum detected concentration in that water body. 

Surface water to aquatic plant transfer coefficients are presented in 'Table 3-1 2. Since different 

concentrations may be modeled based on the two equations, it is conservatively assumed that the 

maximum concentration from the two models is the aquatic plant EPC for that surface water 

body. The modeled concentrations in the aquatic plants are presented in Table 3-13 for each 

surface water body. 

COPEC concentrations may bioaccumulate in waterfowl that fced on aquatic plants or 

invertebrates and that are fed upon by higher trophic level predators. No transfer factors were 

found in the literature to estimate the COPEC concentrations in waterfowl from measured 

surface water and sediment concentrations. Since waterfowl at Amchitka are assumed to feed on 

either aquatic plants or invertebrates and do not rely on fish for their diet, tissue concentrations in 
fish, which may biomagnify contaminants since they feed on smaller fish, are assumed to be 

higher than that in waterfowl. Thus, it is assumed that the waterfowl tissue concentrations are 

the same as thc measured fish tissue concentrations. PCB data for Green-winged Teal provided @ by Crayton (2000) for the USFWS on environmental contaminants in fauna collected from 

Amchitka Island suggest that this is a valid and conservative assumption. 

Terrestrial species may be primarily exposed through direct consumption of water and incidental 

consumption of soil or sediment, or secondarily exposed through food chain transfer of site- 

related contaminants. Higher trophic levels not necessarily in direct contact with contaminated 

media may receive COPEC exposure almost entirely through their diet, Chronic daily doses to 

wildlife were calculated using the following model. Similar models are presented in Sample et 

al. (1 997). 

where: 

DD = the chronic daily dose of the COPEC in the wildlife species (mgkg-day); 

I R ,  = the total water consumption (Llday); 



C ,  = the surface water EPC of the COEC (rng/L); 

A, = the assimilation efficiency from water (unitless); 

IR, = the incidental soillsediment ingestion rate (kglday); 

c, = the soillsediment EPC of the COPEC (mgkg) ; 

As = the assimilation efficiency of the COPEC from soillsediment (unitless); 

1R, = the total food consumption (kglday); 

fJ = the dietary fraction of the jth food item (unitless); 

c j = the COEC concentration in the jth food item (mgkg); 

4 = the assimilation efficiency of the COEC from the jfi food item (unitless); 

AUF = the area use factor (unitless); 

TUF = the temporal use factor (unitless); and 

BW = the body weight of the wildlife species (kg). 

When a terrestrial species' foraging area exceeds the area of contamination, an area use factor 

(AUF) is included to account fbr this effect of receptor mobility on frequency and duration of 

contact with contaminated media or prey. This factor is defined as the ratio of study site area to 

foraging area for a given species. For migratory species, or species that for other reasons are not 

continuously present on Amchitka Island, a target species temporal use factor (TUF) is defined to 

account for effects of receptor seasonality on frequency and duration of contact with 

contaminated media or prey. This factor is defined as the fraction of the year that is spent at the 

Arnchitka Island site. Bald Eagles have been observed to be year-round residents on Amchitka 

Island so that the TUF for this species is set equal to one. However, the Aleutian Canada Goose 

is migratory. It typically arrives at the Island in April and leaves in September. Thus, the TUF is 

set equal to 0.5 for the Aleutian Canada Goose. Though the green-winged teal is a year-round 

resident on Amchitka Island, only the breeding season is spent in the freshwater ponds and lakes 

(White et al., 1977). The remaining nine months, the green-winged teal finds refuge in the 

marine areas. Thus, the TUF for the green-winged teal is set equal to 0.25. 

The estimated daily doses for the target species exposed to COPECs are presented in Table 3-14 

through 3-24. The estimated daily dose for the Bald Eagle is presented for the Mud Pit Release 

Sites as a whole (Table 3-14). During the breeding period, individual Green-winged Teal could 

spend the majority of their time limited to one of the ponds or lakes. Thus, estimated daily doses 

@ for the Green-winged Teal are presented individually for Drill Site D Lake, Reed Pond, Long 

Shot Pond, Heart Lake, and Cannikin ~ a k ;  in Table 3- 15 through Table 3- 19. The Aleutian 
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Canada Goose may spend their time on-site over a wide upland area, but could be limited to 

aquatic exposures in mainly only one lake or pond. Thus, estimated daily doses tar the Aleutian 

Canada Goose are presented individually for Drill Site D Lake, Reed Pond, Long Shot Pond, 

Heart Lake, and Cannikin Lake in Table 3-20 through 3-24. 

3.5.1.2 Ecological Effects Characterization 

Ecological effects due to exposure to contaminants are estimated using toxicity reference values 

(TRV). TRVs are expressed in terms of a contaminant dose to the organism, and are essentially 

the same as the reference doses used in human health risk assessments. However, reference 

doses in human health risk assessments are defined as "safe" levels, whereas 'TRVs may be based 

on NOAELs, LOAELs or other toxicity data. The TRVs focus on growth, survival, and 

reproduction of species. The methods used in the derivation of the TRVs for use in the wildlife 

risk characterization were presented in Section 3.3. The TRVs based on NOAELs and LOAELs 

are summarized in Table 3-25 and Table 3-26, respectively. 

3.5.1.3 Estimated Wildlife Hazards 

Estimated ecological hazards, based on NOAELs, from the food chain models are presented in 

@ Table 3-27 through Table 3-37 for the three target species. The estimated ecological hazards for 

the Bald Eagle are presented on Table 3-27, for the Green-winged Teal on Table 3-28 through 

Table 3-32, and for the Aleutian Canada Goose on Table 3-33 through Table 3-37. 

The hazard index for the Bald Eagle is estimated as 0.17. The highest individual hazard quotient 

for the Bald Eagle is 0.046 and is from phenanthrene in sediments. Hazard quotients less than 

one indicate that the NOAEL-based TRVs are not exceeded and that no effects are likely to be 

present due to exposure to contaminated media. 

The NOAEL-based hazard indices for the Green-winged Teal are below one at Reed Pond 

(0.010) and Long Shot Pond (0.0). 

The NOAEL-based hazard index for Green-winged Teal at Drill Site D Lake was 16 (Table 3- 

28). The highest individual NOAEL-based hazard quotient (14) was from chromium in sediment 

that could accumulate in the benthic invertebrates upon which they feed. These hazard quotients 

are based on NOAE1,s and maximum detected concentrations. Table 3-28 also presents the * hazard quotients based on average concentrations and on LOAEis to provide additional 



information regarding the potential for effccts. The LOAEL-based HI is 2.0, with the highest a individual LOAEL-based HQ of 1.7 due to chromium. Five sediment samplcs were collected 

from Drill Site D Lake, spanning the length of the lake. Though one sample had a chromium 

concentration of 16.1 mglkg, the concentrations were similar in the other four (406 mglkg to 695 

mglkg). Thus, the average concentration of 420 mglkg is over half the maximum concentration. 

The 1,OAEL TRV is based on a 10-month feeding study with black ducks. After 10 weeks of 

exposure, lower survival of offspring was noted. However, the Green-winged Teal at Amchitka 

only spend the breeding season in the freshwater areas. Therefore, they would only be exposed 

for a 3-month period, not 10-month, and much of this exposure would be post-reproduction 

exposures, which would not affect offspring survival. Thus, the LOAEL should also be used 

with caution in interpreting potential risks. 

The NOAEL-based HI for Green-winged Teal at Heart Lake is 30 (Table 3-3 1). The highest 

individual NOAEL-based hazard quotient (30) was from aluminum in sediment that could 

accumulate in the benthic invertebrates upon which they feed. The HQ due to aluminum has a 

great deal of uncertainty. First, aluminum in sediments is almost entirely found as aluminum 

silicates, which are not readily bioavailable. The concentration of aluminum in benthic 

invertebrates was estimated based on a BSAF of 0.9 (USEPA, 1999b). This BSAF was not from 

studies of bioaccumulation of aluminum but was based on a mean of BSAFs from other metals 

that were studied. While the use of a generic BSAF may be appropriate for other metals, the use 

of it for aluminum when found as unavailable aluminum silicates is questionable. Second, the 

NOAEL TRV was based on a study of Ringed Doves that were given the equivalent of 1 10 

mglkglday of aluminum in the form of aluminum sulfate over a period of 4 months. No effects 

on reproduction were observed. Though this study adequately determined that 1 10 mgkglday 

does not have an effect, there were no concentrations tested at which effects were observed. The 

120AEL may be orders of magnitude greater than the reported NOAEL. Table 3-3 1 also presents 

the estimated hazards based on LOAELs and average concentrations. Though average 

concentrations are not significantly different than the maximum concentrations, the lack of a 

LOAEL within the literature for aluminum and birds has a significant effect. The 1,OAEL-based 

HI is 0.076. 

The NOAEL-based HI for Green-winged Teal (Table 3-32) was highest at Cannikin Lake (1 32). 

The highest individual NOAEL-based HQs were for PAHs: phenanthrene (60), fluorene (24), 

@ 
acenaphthene (9), naphthalene (7), anthracene (2), pyrene (2), and fluoranthene (1). Individual 

NOAEL-based HQs for aluminum (22) and chromium (5) were also greater than 1. The high 



HQs are estimated due to feeding on benthic invertebrates that have accumulated these 

contaminants from the sediment. The NOAEL-based HQs use the maximum detected 

concentrations in Cannikin Lake. Three samples were collected from Cannikin Lake, and all 

were within a small area nearest the mud pits where potential releases to Cannikin Lake were 

most likely to occur. Thus, the concentrations are expected to be more representative of 

maximum concentrations in Cannikin Lake than of conservative estimates of the average 

concentration. PAEIs were detected in the two samples nearest the potential release area and not 

in the sample furthest away. PAH distribution in Cannikin Lake may be isolated to a small area 

of the lake and not be as widespread as is assumed in the food chain models. The BSAF for 

chromium is based on only one study with chironomids. Though the data are from only one 

study, the organism is applicable to the site and the use of this BSAF is considered appropriate, 

BSAFs have been measured for benzo(a)pyrene using marine bivalves and other invertebrates. 

BSAFs ranges from 0.09 to 7,4 and the geometric mean of the available data (1.61) is 

recommended by USEPA (1999b) for benzo(a)pyrene and, by default, for other PAHs, There is 

a degree of uncertainty related to the use of marine data for freshwater surface water bodies, the 

use of a BSAF from one PAH for other PAHs, and other site-specific factors (e.g,, sediment 

organic carbon content) that could influence bioaccumulation. Though there is uncertainty, the @ BSAFs are considered appropriate. Toxicity data is available for several PAHs based on 72-hour 

tests in which PAHs, dissolved in peanut oil, were injected into the air sacs of eggs (Brunstrom et 

al., 1991). Embryo mortality was used as the endpoint from the tests. Acute LDSOs, acute 

NOAELs, and acute LOAELs were determined. Therefore, uncertainty factors of 20 to 250 were 

used to estimate NOAEL-based TRVs for the target species. Thus, there is uncertainty inherent 

in these extrapolations. Table 3-32 also presents the LOAEL-based HIS, also using average 

concentrations. The LOAEL-based HI is 10, and is due mostly to PAHs: phenanthrene (5.5) and 

fluorene (2.1 ), 

The NOAEL-based HIS for the Aleutian Canada Goose are also below one at Reed Pond (Table 

3-34) and Long Shot Pond (Table 3-35). 

'The NOAEL-based hazard index for Aleutian Canada Goose at Drill Site D Lake was 3.1 (Table 

3-33). The highest individual NOAEL-based hazard quotient (3.0) was from chromium in 

sediment that could accumulate in the aquatic plants which are assumed to comprise a portion of 

their diet. These hazard quotients are based on NOAELs and maximum detected concentrations. 

@ Table 3-33 also presents the hazard quotients based on average concentrations and on LOAELs 

to provide additional information regarding the potential for effects. The LOAEL-based HI is 



0.49, with the highest individual LOAEL-based HQ of 0.47 due to chromium. As mentioned @ previously, the LOAEL TRV is based on a 10-month feeding study with black ducks After 10 

weeks of exposure, lower survival of offspring was noted. However, the Aleutian Canada Goose 

is migratory. Therefore, they would only be exposed for a 6-month period, not 10-month, and 

much of this exposure would be post-reproduction exposures that would not affect offspring 

survival. Thus, the LOAEI, should also be used with caution in interpreting potential risks. 

Additionally, it was assumed that half of the plant consumption fbr the Aleutian Canada Goose 

would be aquatic plant. This is a very conservative assumption based on site observations of 

Aleutian Canada Goose that indicate they are primarily upland grazers at Amchitka. 

The NOAEL-based HI for Aleutian Canada Goose at Heart Lake is 1.4 (Table 3-36), and this is 

almost exclusively due to the concentration of aluminum in sediment and the incidental ingestion 

of sediments by geese feeding at the surface water bodies. The uncertainty regarding hazards due 

to aluminum was addressed previously, based on the usual lack of bioavailability of aluminum in 

sediments. 'She LOAEL-based HI, using average concentrations, for Heart Lake is also 

presented in Table 3-36 and is 0.0 12. 

The NOAEL-based HI for Aleutian Canada Goose at Cannikin Lake is 5.2 (Table 3-37). As a 

group, the PAHs contribute most to the HI, though the only individual NOAEL-based HQ is for 

phenmthrene (1.9), As mentioned previously, the NOAEL-based HQs use the maximum 

detected concentrations in Cannikin Lake and three samples were collected from Cannikin Lake, 

all within a small area nearest the mud pits where potential releases to Cannikin Lake were most 

likely to occur. Thus, the concentrations are expected to be more representative of maximum 

concentrations in Cannikin Lake than of conservative estimates of the average concentration. 

PAHs were detected in the two samples nearest the overflow area and not in the sample furthest 

away. PAH distribution in Cannikin Lake may be isolated to a small area of the lake and not be 

as widespread as is assumed in the food chain models. BSAFs have been measured for 

benzo(a)pyrene using marine bivalves and other invertebrates. BSAFs ranges from 0.09 to 7.4 

and the geometric mean of the available data (1.61) is recommended by USEPA (1999b) for 

benzo(a)pyrene and, by default, for other PAHs. There is a degree of uncertainty related to the 

use of marine data for freshwater surface water bodies, the use of a BSAF from one PAH for 

other PAHs, and other site-specific factors (e.g., sediment organic carbon content) that could 

influence bioaccumulation. Though there is uncertainty, the BSAFs are considered appropriate. 

@ 
Toxicity data is available for several PAHs based on 72-hour tests in which PAHs, dissolved in 

peanut oil, were injected into the air sacs of eggs (Brunstrom et al., 1991). Embryo mortality 



was used as the endpoint from the tests. Acute LDSOs, acute NOAELs, and acute LOAELs were * determined. Therefore, uncertainty factors of20 to 250 were used to estimate NOAFL-based 

TRVs for the target species. Thus, there is uncertainty inherent in these extrapolations. Table 3- 

37 also presents the LOAEL-based HIS, also using average concentrations. The LOAEL-based 

HI is 0.40. 

3.5.2 Aquatic Plant Risk Characterization 

The dominant plant species in the aquatic habitats at Amchitka that provide habitat and a food 

source to wildlife and fish are aquatic mosses and water milfoils. These may be exposed to 

contaminants in sediments or surface water that may affect their productivity, which could also 

affect the organisms that depend on them for their survival. 

The COPECs to which aquatic plants are exposed are presented in Table 3-38 and Table 3-39, for 

surface water and sediment, respectively. Though data are available on the potential effects of 

contaminants in water to aquatic plants, no information was found that relates sediment 

concentrations to effects on aquatic plants. Thus, the discussion below is limited to the potential 

effects of the surface water COPECs: aluminum, barium, boron, copper, iron, and titanium. a 
Suter and Tsao (1 996) provide lowest chronic values for aquatic plants for several inorganic and 

organic compounds. A lowest chronic value for aluminum is given as 0.46 mg/L based on a 4- 

day test EC50 for the green algae Selenustrum capricornutum. A lowest chronic value for 

copper is given as 0.001 mg/L based on a growth lag of the algae, Chlorellupyrenoidosa 

(Steeman-Nielsen and Wium-Anderson, 1970). Lowest chronic values for aquatic plants were 

not found for other surface water COPECs (i-e,, barium, boron, iron, and titanium). 

Table 3-38 presents the maximum concentrations of surface water COPECs detected in the 

streams, ponds, and lakes related to the Mud Pit Release Sites. In Clevenger Creek two of five 

surface water samples (0.625 mg/L and 0.557 mg/L) exceeded the aluminum lowest chronic 

value for aquatic plants. The average concentration in Clevenger Creek (296 mg/L) was below 

the lowest chronic value, All other detected concentrations of aluminum in surface water were 

below the lowest chronic value. Since aluminum is a major component of sediment and is found 

as aluminum silicates, which are not readily bioavailable, the high concentrations may be 

representative of suspended sediments and may not be an accurate representation of bioavailable 

a dissolved aluminum. 



Surface water concentrations of copper were above background in both Rainbow Creek and @ Clevenger Creek. Maximum concentrations were 0.0177 mglL and 0.01 88 mgll., respectively, 

which are less than twice the background concentration of 0.01 08 mg/L. Average concentrations 

are 0.0046 mg/L and 0.0066 mgIL, respectively. Since copper is not known to be associated 

with drilling mud and since the concentrations are similar to background levels, the elevated 

copper concentrations are likely due to natural levels and are not likely to represent an additional 

risk to aquatic plants. Additionally, during field sampling activities, dense growths of aquatic 

macrophytes and algae were observed in all potentially affected water bodies addressed in this 

ecological risk assessment. The species, distribution and abundance of aquatic rnacrophytes was 

similar in all streams surveyed, i.e., in both site streams and reference streams. Fontinalis 

neornexicanus was present throughout, with Myriophyllum spicatum, Caltha palustris and 

Hippuris vulguris abundant in slow moving (depositional) areas with fine-grained substrates. 

3.5.3 Fish Population Risk Characterization 

Populations of fish in the surface water bodies of Amchitka Island near the Mud Pit Release Sites 

could be effected through direct exposure to contaminants in surface water or sediment, or 

through the bioaccumulation of contaminants to toxic levels within their tissue. 

e 
Fish were collected from Falls Creek, Drill Site E Stream, Limpet Creek, Bridge Creek, 

Cloudberry Creek, Rainbow Creek, Clevenger Creek, Cannikin Lake, and White Alice Creek. 

The fish sampled were all resident non-migratory Dolly Varden, which were easily distinguished 

from anadromous Dolly Varden by their coloration. Except for Cannikin Lake, fish were 

generally of small size and composite samples were necessary in order to obtain sufficient mass 

for the chemical analyses. Composite samples were comprised of whole body homogenized 

samples, and these were analyzed for PAEIs, PCBs, and metals. 

A total of 24 fish tissue samples were collected and analyzed from site locations, and 14 fish 

tissue samples were collected and analyzed from reference streams. PCBs were detected in both 

samples from Falls Creek, the one sample from Rainbow Creek, two of three samples from 

Clevenger Creek, both samples from Cannikin Lake, all five samples from White Alice Creek, 

and one of the reference stream samples. PCBs were not detected in fish from Drill Site E 

Stream, Bridge Creek, or Cloudberry Creek. Aroclor 1260 was the only PCB detected in site 

samples. The highest concentration detected was 0.183 mgkg in one of the samples from Falls 

Creek. The other sample from Falls Creek had a concentration of 0.0325 mglkg. The second a highest concentration was detected at White Alice Creek (0.0394 mglkg). Amclor 1260 was not 



detected in the reference stream samples. However, Aroclor 1254 was detected in one fish ' ramplc from Reference Stream #2 at a concentration of 0,00823 rnglkg. 

A residue effect threshold (RET) is a tissue concentration of a contaminant deemed to be 

protective of a species, group of species or family. An RET for PCBs in salmonids was 

determined by Meador (2000) to be 0.0024 rng of PCBs per gram of lipid. For that 

determination, a total of 15 studies were found to be acceptable, with residue levels ranging from 

0.0017mg of PCBs per gram of lipid to 2.778 mg of PCBs per gram of lipid. The loth percentile 

of the distribution of results was recommended as a conservative RET. 

Six of the fish samples were also analyzed for lipid content. The average lipid content was 4%. 

Based on a 4% lipid content, a whole body RET would be 0.096 mgkg wet weight. One of the 

24 fish tissue samples exceeded this threshold. One of two samples from Falls Creek had a 

concentration of 0.1 83 mglkg; the other concentration was far less (0.0325 mglkg). Thus, though 

there is a potential for effects on fish populations due to bioaccumulation of PCBs within fish 

tissue, the probability of sufficient effects to impact fish populations in the surface water bodies 

e near the Mud Pit Release Sites is considered to be low, 

Only one PAH was detected in any of the fish tissue samples. One of the three fish tissue 

samples from Clevenger Creek contained 0.01 55 mg/kg of naphthalene. Though fish may be 

exposed to PAHs, fish can readily metabolize and accumulation of PAI-Ts is not expected to 

present a risk to fish populations. 

Fish populations may be affected by concentrations of inorganics in surface water, Suter and 

Tsao (1 996) present EC20 values for fish that are based on reductions in weight of young per egg 

of female and are meant to represent population-based effects. For the COPECs identified in 

surface water, fish EC20s are available for aluminum (4.7 mg/L) and copper (0.005 mg/L). The 

highest concentration of aluminum (0.625 rng/L) is well below the EC20. Surface water 

concentrations of copper were above background in both Rainbow Creek and Clevenger Creek. 

Maximum concentrations were 0.0177 mg/L and 0.01 88 mg/L, respectively, which are less than 

twice the background concentration of 0.01 08 mg/L. Average concentrations are 0.0046 mglL 

and 0.0066 mg/L, respectively. Since copper is not known to be associated with drilling mud 

and since the concentrations are similar to background levels, the elevated copper concentrations 

are likely due to natural levels and are not likely to represent an additional risk to fish 

populations. 
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3.5.4 Benthic Invertebrate Community Risk Characterization 

Evaluation of the risks to the benthic invertebrate community is based on a weight of evidence 

approach typically referred to as the sediment quality triad (Long and Chapman, 1985). This 

weight of evidence approach incorporates measurements of chemistry, toxicity, and biology. 

The three components of the Triad approach integrate chemical and biological response data and 

can provide the strongest evidence for identifying contaminant-induced degradation. 

It is often difficult to make definitive statements about impacts to benthic habitats and biota with 

any of the three measurements taken alone. Sediment chemistry is a measure of chemical 

contamination, but does not measure biological effects. Sediment bioassays performed in the 

laboratory measure sediment toxicity but do not indicate the specific cause of toxicity, nor do the 

tests indicate actual field effects. The examination of benthic community structure indicates 

variability in the field, but does not identify the cause of the variability, which may be natural or 

anthropogenic. The three components of the Triad approach integrate this information and can 

provide stronger weight of evidence than the evaluation of any single component. If all three 

@ components indicate impact (i.e., contaminated sediments, toxic in laboratory tests, altered 

benthic communities), then the weight of evidence strongly indicates negative impact. In the 

opposite case, unimpacted conditions are indicated if there is low chemical contamination, low 

toxicity, and unaltered benthic communities. Intermediate or mixed results can be meaningful 

but require careful interpretation (Chapman, 1992). 

The Triad analysis was presented as an appendix to the Risk Characterization Report (Shannon & 

Wilson, 2000) and is summarized in this section. 

3.5.4. I Chemistry 

Surface water and sediment sample collection were discussed previously in Section 3.3. Of these 

sample locations, three locations on each of the streams (not lakes or ponds) were selected for 

Triad analysis sampling, with the exception of White Alice Creek at which four locations were 

selected (Appendix B). At the Triad stations, additional sediment samples were collected for 

toxicity testing and benthic macroinvertebrate sampling. 

The chemical analyses for the surface water bodies were summarized in Section 3.2 and @ presented in Appendix B. The individual Triad station analytical results for the upland streams 



are presented in Table 3-40 and for the lowland streams are presented in Table 3-41. In the * upland streams, PAHs were detected in two of the streams: Drill Site D Stream Location I and 

Drill Site E Stream Location 1. PAHs were not detected in the lowland streams. Diesel range 

organics (DRO) were detected in four of the five upland streams and in half of the lowland 

stream locations, However, high DRO concentrations were also found in reference stream 

sediments, indicating that biogenic DRO is common in Amchitka stream sediments. A total of 

23 metals were detected in upland streams, with most being detected in all samples, and all 27 

metals for which analyses were conducted were detected in at least one lowland stream samples. 

The measurement of acid volatile sulfides (AVS), which are known to reduce the bioavailability 

of some metals, were not found in sufficient concentration to expect a reduction in metals 

bioavailability due to sulfides to be a major consideration. 

3.5.4.2 Toxicity 

The toxicity test results were discussed previously in Section 3.3 and presented in Table 3-4 and 

Table 3-5. 

3.5.4.3 Biology -. 

The benthic community analyses results were discussed in Section 3.3 and presented in Table 3-6 

through Table 3-7. 

3-5.4.4 Triad Analyses 

For the Triad analyses, three approaches were utilized: component ranking and analysis, ranking 

probability analysis, and principal components analysis (PCA). Each of these is discussed 

below. 

3.5.4.4.1 Component Ranking and Analysis 

Numerical rankings were given separately to each upland and lowland stream sample for each of 

the components of the Triad. Lower number ranks were given to stations for which the particular 

Triad component indicated better conditions (e,g., lower contaminant concentrations, higher 

survival in toxicity tests, greater species diversity). The procedures used to determine the ranks 

are presented in the Triad Analysis of Drill Site and Test Site Stream Sediments (IT, 1999), 

which appears as an appendix to the Site Characterization Report (Shannon & Wilson, 2000), 

and are not repeated here. Each of the site stream locations was then compared to the appropriate 

reference stream locations in order to determine whether the site stream location had ranks within 

the range of (or better than) the appropriate reference stream locations. Up-stream stations were 



compared to up-stream reference stations, central stations were compared to central reference 

stream stations, and downs-stream stations wvre compared to down-stream stations. These 

comparisons are presented symbolically in Table 3-42 and Table 3-43 for upland streams and 

lowland streams, respectively. A "+" is presented if the site stream station was ranked better 

than or within the range of the appropriate reference stations. A "-" is presented if the site stream 

station was ranked worse than both of the appropriate reference stations. 

For the upland streams, the up-stream station (Location I )  on Drill Site F Stream was ranked 

worse than the up-stream reference stations for overall benthic quality. No other upland stream 

locations were ranked worse than the reference stations for any benthic quality endpoints. For 

up-stream stations in upland streams, Drill Site D 1,ocation 1 had ranks for DROs and PAHs 

worse than the reference streams and Drill Site E Location 1 had ranks for metals and PAHs 

worse than the reference streams. Drill Site D Location 1 also had an overall chemistry rank 

worse than reference. None of the central site stream stations were ranked worse than the central 

reference stations for any of the chemistry endpoints. For down-stream station, Drill Site D 

Location 4 was ranked worse that reference for metals as well as for overall chemistry. For the 

toxicity component, none of the upland up-stream or central stations, ranked worse than the 

@ reference stations. However, all three of the site down-stream locations were ranked worse than 

reference for overall toxicity. Of the two upland stations that showed overall chemical 

contamination above reference, one of these stations showed biological impact. Toxic effects 

were observed in the laboratory tests, but these were not evident in the field, where benthic 

community results were within the range of or better than reference. 

For the lowland streams, the up-stream stations Cloudberry Creek Location 1, Clevenger Creek 

Location 1, and Rainbow Creek Location 2 were ranked worse than the up-stream reference 

stations for EPT relative abundance. However, they were within the range of the up-stream 

reference streams for overall benthic quality. For up-stream stations, Clevenger Creek Location 

1 had a rank for DROs worse than the reference streams and White Alice Creek Location 2 had a 

rank for metals worse than the reference streams. Both of these up-stream stations had an overall 

chemistry rank worse than reference. For the central site stream stations, Clevenger Creek 

Location 2, Rainbow Creek Location 3, and White Alice Creek Locations 3 and 4 were ranked 

worse than the central reference stations for DRO. All of these except for the Rainbow Creek 

station had overall chemistry ranks worse than the central reference stations. For down-stream 

@ 
stations, none of the site stations were ranked worse than the reference stations. None of the 

Bridge Creek or Cloudberry Creek stations were ranked worse than their respective reference 
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stations on any of the chemistry endpoints. For the toxicity endpoint in up-stream stations, @ Bridge Creek Location 2, Cloudberry Creek Location 1, Clevenger Creek Location I a d  

Rainbow Creek Location 2 were ranked worse than their respective up-stream reference stations. 

For central stations, no locations were ranked worse than the reference for overall toxicity. For 

down-stream stations, Cloudbeny Creek Location 5 and Rainbow Creek Location 5 were ranked 

worse than the down-stream reference stations for growth and biomass. Clevenger Creek 

Location 5 was ranked worse than reference for survival and biomass. All three of these site 

down-stream locations were ranked worse than reference in overall toxicity. Of the five lowland 

stream locations that showed overall elevated chemical concentrations (two on Clevenger Creek 

and three on White Alice Creek), none of these had overall benthic community of' toxicity results 

worse than reference. A central stream location on White Alice Creek (Location 4), however, did 

indicate impacts in several of the individual biological measurements, 

3.5.4.4.2 Ranking Probability Analysis 

The ranking data were also used to calculate the probability of randomly receiving a certain rank. 

From this, the Triad stations with ranks that are unlikely to occur by chance alone can be 

determined. The 1 Oth percentile was chosen to represent the rare occurrences and the 2oth 

percentile was chosen to represent uncommon occurrences. 

For the upland streams, these data are plotted in Figure 3-2. In this analysis, the upstream station 

on Reference Stream 3 was in the poorer 1 Oth percentile. Upstream Stations on Stream E and 

Reference Stream 4 were of uncommon good quality rank. All central and downstream sampling 

stations fell in the "common rank" probability range. The probability analysis did not indicate 

any difference in quality between the Drill Site stream and reference stream sampling stations. 

For the lowland streams, these data are plotted in Figure 3-3. For the upstream stations on the 

lowland streams, Bridge Creek and Cloudberry Creek had better than normal quality; all other 

upstream stations had common ranks except for Reference Stream 2, which had a rank within the 

rare, poor quality loth percentile. In the central stream stations, White Alice Creek Station 4 and 

Rainbow Creek were in the poorer 1 oth percentile and White Alice Creek Station 3 was in the 2oth 

percentile; however, the Reference Stream 2 central location was also in the poorer 20' 

percentile. All downstream stations were either of common rank or good quality ranks, The 

downstream location on Bridge Creek was above the 9 0 ~  percentile showing good sediment 

quality. 



3.5.4.4.3 Principal Component Analysis 

To better understand the differences between stations that appear to show a negative impact and 

the other stations, particularly the reference locations, a multidimensional scaling approach was 

applied. In essence, this technique is use to represent differences between stations as measured 

in many parameters (e.g., benthic community indices, toxicity test endpoint results, chemical 

data) into a two-dimensional display. The method used for this is called Principal Component 

Analysis (PCA) (Ludwig and Reynolds, 1988). This involves the standardization and 

normalization of the data followed by a determination of two axes that best explain the 

differences between the locations, 

Figure 3-4 presents the results of the PCA for the upland sampling locations. All stations are 

plotted with respect to the two Principal Components. Principal Component I, as determined by 

the eigenvector equations, represents increasing PAHs.and DRO in the positive (right) direction 

and decreasing toxicity test growth and biomass in the negative (left) direction. Principal 

Component I1 represents increasing metals in the positive (up) direction and increasing FBI, and 

decreasing EPT and diversity in the negative (down direction). 

@ There is essentially one main grouping of stations on the PCA plot with two pairs of stations and 

two isolated stations. The two pairs consist of Stream E Stations 2 and 4, and Stream E Station 1 

and Reference Stream 3 Station 2. These all lie in the upper left quadrant indicating slight 

toxicity test effects and increased metals. Stream D Stations 2 and 1 lie in the upper right 

quadrant with Station 1 well removed from the rest. These represent increases in metals, DRO 

and PAHs with Dl showing a large separation due to DRO and PAH concentrations. The 

important conclusion to be drawn from the PCA of the upland stream data is that the biological 

parameters are not included in the same eigenvectors as the chemical pararneters. In other words, 

elevated metals and organic chemicals do not appear to be related to variation in benthic 

macroinvertebrate community structure in the upland streams. 

Figure 3-5 presents the results of the principal component analysis (PCA) for the lowland 

sampling locations. The principal components for the lowland stream plots are different from 

those identified for the upland streams. For the lowland streams, Principal component 1, as 

determined by the eigenvector equations, represents increasing metals in the positive (right) 

direction and increasing FBI, decreasing EPT, increasing DRO, and decreasing toxicity test 

survival and biomass in the negative (left) direction. Principle Component I1 represents 

increasing FBI and decreasing EPT in the positive (up) direction and increasing DRO and metals, 



a and decreasing toxicity test growth and biomass in the negative (down direction). 

There is essentially one main grouping of stations on the PCA plot with six stations lying outside 

this grouping. Cloudberry Creek Station 1 is scparated from this cluster in the direction of 

poorer benthic communities (increasing FBI and decreasing EPT). White Alice Creek Stations 2 

and 5 are separated in the direction of increasing metals, and White Alice Creek Station 3 is 

slightly removed in the direction of poorer benthic communities and toxicity test results, and 

increasing DRO. Rainbow Creek Station 3 is well removed from the general cluster in the 

direction of poorer benthic communities, toxicity test results, and increasing DRO, and 

Reference Stream 2 Station 5 is well removed in the direction of increasing metals and poorer 

toxicity test results. 

Unlike the PCA of upland stream data, where the biological parameters are not included in the 

same eigenvectors as the chemical parameters, the PCA of lowland stream data shows some 

alignment of chemical and biological vectors. Toxicological vectors are aligned with increasing 

DRO and metals in principal component 1, and both benthic community and toxicological 

e vectors align with increasing DRO in principal component 2. 

- 
3.5.4.4.4 Benthic Invertebrate Risk Characterization 

In summary, chemical analyses indicated that a few drill or test site stations had higher overall 

chemical concentrations that the reference locations. The results of the laboratory toxicity tests 

found very few locations that showed greater toxicity than reference locations. The benthic 

macroinvertebrate community at site stream stations was generally comparable to the reference 

stations, 

The Triad analysis did not find clear indication of degraded conditions at any of the upland Drill 

Site streams. The great majority of endpoint rankings were within or better than the range of 

reference locations. No upland Triad location showed strong evidence of pollution-induced 

degradation, as would be indicated by poorer than reference ranks for all three Triad components 

at a single location. Probability analysis performed on the upland stream data did not indicate 

difference in quality between the Drill Site strearn and reference stream sampling stations. The 

PCA did not indicate a relationship between sediment chemistry and biological measurement 

endpoints for the upland stations. 



A few lowland stations were determined to have stronger concordance between chemical 

contamination, toxicity, and biolopical degradation, and were, therefore, determined to have 

sufficient weight-of-evidence to categorize them as potentially impacted stations. The 

probability analysis indicated that the lower stations on Rainbow Creek and a central station on 

White Alice Creek had rare or uncommon mean ranks in the direction indicating poorer sediment 

quality and biological ef'f'ects. The PCA of the lowland stream data also indicated that Rainbow 

Creek Station 3 was most different than the other lowland locations having high DRO and 

complete mortality in toxicity tests; however, this was not as apparent in the benthic community 

analysis. 

3.6 Uncertainty 

Uncertainty is inherent in most steps of the risk assessment process. The overall approach in the 

ecological risk assessment is to err on the side of conservatism, when possible and appropriate. 

Therefore, the risks in this ecological risk assessment are likely to be overestimated rather than 

underestimated. An understanding of the uncertainties associated with the risk estimates is 

important to place the risks into proper perspective in order to make informed risk management 

decisions. * 
One source of uncertainty is associated with the representativeness of the samples collected. For 

each water body, only a few samples of sediment or surface water were collected. These few 

samples were often taken over a large stream distance or at extreme locations in a lake or pond, 

or were located in only one portion (e.g., Cannikin Lake) where impacts were expected to be 

greatest. For much of the risk characterization process, an estimate of the average exposure 

concentration is needed. Since few samples were taken, the maximum detected concentration in 

a water body was used as a conservative estimate of the average concentration. Thus, exposure 

concentrations are likely to be biased high and risks are likely to be overestimated. 

Toxicity data, especially for avian wildlife, is limited. The risk assessment approach used both 

chronic NOAEL endpoints from toxicity tests and chronic LOAEL endpoints. These were often 

extrapolated from subchronic or acute data. In this ecological risk assessment, uncertainty 

factors were applied for this extrapolation. Though the uncertainty factors may result in a 

NOAEL that may either over- or under-estimate the actual NOAEL, studies indicate that the 

uncertainty factors tend to be conservative and are likely to overestimate the risk. In particular 

TRVs for PAHs and aluminum have a large degree of uncertainty. TRVs for PAHs were derived 

from acute toxicity endpoints in which PhHc were injectcd into chicken eggs that were then 



@ 
observed for mortality. Uncertainty factors from 20 to 250 were used in deriving chronic 

NOAELs for use in the risk characterization. The TRV for aluminum was taken from a test in 

which aluminum, as aluminum sulfate, was given to Ringed Doves over a period of 4 months. 

No effects on reproduction were observed. The highest concentration was considered a chronic 

NOAEL. However, there were no concentrations tested at which effects were observed. Thus, 

the LOAEL may be orders of magnitude greater than the reported NOAEL. In essence, 

alurninum was not shown to be toxic in the laboratory tests, yet the highest concentration tested 

was conservatively considered a NOAEL. 

Toxicity data used to derive TRVs may be of longer duration than the potential exposures at 

Amchitka. The Aleutian Canada Goose is migratory and spends about 6 months on Amchitka. 

'Though the Green-winged Teal is a year-round resident, it essentially spends only the 3-month 

breeding period in the freshwater areas, and spends the remaining time in the coastal areas. The 

chromium TRVs are based on a 10-month feeding study with black ducks. After the exposure, 

lower survival of offspring was observed. However, the pre-reproductive exposure periods for 

both the Aleutian Canada Goose and the Green-winged Teal are expected to be far less than 10- 

months. 

Exposure assumptions for wildlife (e.g., food ingestion rates, home range) for the target species 

were based primarily on available information. Conservative values were selected when 

conflicting information was presented or when adequate or applicable exposure information was 

not available. Several of these values are worth noting. It was assumed that half of the plant 

consumption for the Aleutian Canada Goose is from aquatic plants. This is a very conservative 

assumption based on site observations of Aleutian Canada Goose that indicate they are primarily 

upland grazers at Amchitka. It was also assumed that the incidental soillsediment ingestion for 

Aleutian Canada Goose and Green-winged Teal are entirely from sediments and not from upland 

soils. 

In the food chain models, contaminants were assumed to be bioavailable. Though this may be 

appropriate for some COPECs, it is greatly over-conservative for others. For instance, aluminum 

is a major component of sediments and is found in the form of aluminum silicates, which are not 

readily bioavailable and are not considered toxic. 

@ Biotransfer factors were not available for all COPECs. In certain instances, surrogate transfer 

factors were used. For instance, the benthic invertebrate BSAF for all PAHs used a measured 



value from benzo(a)pyrene only. This may over- or under-estimate bioaccurnulation of other 

PAHs, For several metals, benthic invertebrate BSAF values were based on a generic metals 

BSAF (the geometric mean of several metals evaluated). This may over- or under-estimate 

bioaccumulation of these metals. In particular, this generic BSAF was used for aluminum. As 

was mentioned previously, aluminum in sediments is not readily bioavailable, and this BSAF is 

expected to drastically overestimate the risk from consumption of benthic invertebrates. 

Toxicity tests were conducted on only one species of aquatic organisms, the midge, Chironomus 

tentans. Though this species is often used in toxicity tests, the other benthic organisms that are 

present or should be present in the Amchitka streams might be more or less sensitive to the 

COPECs present. Thus, toxicity tests could over- or under-estimate toxicity. 

The benthic community analysis showed similar benthic communities in site and reference areas. 

However, these communities did not represent the best quality communities. Thus, effects from 

COPECs might be indiscernible from the quality of the communities present. 

3.7 Summary and Conclusions 

@ Activities related to underground nuclear tests on Arnchitka Island necessitated the use of large 

volumes of drilling mud, which is a mixture of bentonite, diesel oil, and other compounds, 

including chrome lignosulfonate. Drilling mud releases occurred during the testing program, and 

some exposed mud pits were left in place and drilling mud may have subsequently entered 

nearby streams and ponds. The objective of this ecological risk assessment was to address the 

potential risks from these contaminants. 

Based on the surface water and sediment samples that were collected, several constituents were 

identified as Constituents of Potential Ecological Concern (COPEC). Constituents detected at 

concentrations above background and above conservative screening benchmarks or known to be 

bioaccumulative were identified as COPECs. These included several metals (aluminum, arsenic, 

barium, boron, cadmium, chromium, copper, iron, nickel, titanium, and zinc), polycyclic 

aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCB), and a few volatile organic 

compounds (VOC). 

Through the identification of complete exposure pathways, the following receptors that represent 

the trophic levels associated with mud pit release sites were chosen as the focus of the ecological 

risk assessment: 



Benthic macroinvertebrate communities 

Aquatic plants (Milfoil and Aquatic Mosses) 

Freshwater fish (Land-locked Dolly Varden) 

Omnivorous birds (Green-Winged Teal) 

I-Ierbivorous birds (Aleutian Canada Goose) 

Piscivorous birds (Bald Eagle) 

Several assessment endpoints were identified: 

The potential for significant adverse effects on benthic invertebrate community 

abundance and diversity; 

The potential for significant adverse effects on plant species abundance, diversity, 

and primary production; 

The potential for significant adverse effects on freshwater fish abundance; 

The potential for significant adverse effects on waterfowl abundance; and 

The potential for significant adverse effects on bald eagle abundance. 

The potential for significant adverse effects on benthic invertebrate communities was addressed 

through the Sediment Quality Triad approach in which measurements of chemistry, toxicity, and 

biology are made and a weight of evidence is used to determine whether effects due to chemical 

contamination are evident. Benthic community analysis and laboratory toxicity testing indicated 

that, for the most part, biological effects were not manifested to any significant degree above 

those in reference locations, even in areas where sediment chemical concentrations were 

elevated. A few individual lowland stream locations on Rainbow Creek and White Alice Creek 

appeared to have sufficient weight-of-evidence to categorize them as potentially impacted 

stations. Because it is only a few, the potential for significant effects on the overall benthic 

invertebrate communities due to contaminants in the sediment related to the drilling mud pits is 

judged to be low. 

The potential for significant effects to aquatic plant productivity was addressed through the 

comparison of surface water concentrations to the lowest chronic levels available in the 



literature. Aluminum and copper concentrations exceeded these levels in a few locations. 

Neither aluminum nor copper is known to be ir~sociated with drilling mud Aluminum is a major 

component of sediment and is usually found as aluminum silicates, which are not readily 

bioavailable. Copper was found at concentrations not much higher than background. Thus, 

these arc probably related to background conditions and suspendcd sediments in the surface 

water samples, and no significant effects to aquatic plant productivity are expected due to the 

drilling mud pits. 

The potential for significant effects on fish reproduction and populations was addressed through 

the comparison with concentrations that are correlated with 20% effects on population 

parameters (i.e., EC20), and through the comparison of tissue concentrations with tissue levels 

correlated--with reproductive effects. As with plants, aluminum and copper were found in a few 

samples above the EC20 values. These are probably related to background conditions and 

suspended sediments in the surface water samples, and no significant effects to fish populations 

are expected. Fish tissue analyses found detectable levels of PCBs in many of the fish sampled. 

A conservative residue effect threshold (RET) of approximately 0.1 mg/kg, based on a 4% 

average lipid content, was found to be associated with reproductive effects in salmonids. Of all 

the fish sampled, one fish from Falls Creek had a concentration greater than this benchmark. 

Thus, effects on fish populations from the drilling mud pit related constituents are expected to be 

insignificant. 

The potential for significant effects on waterfowl (e.g., Aleutian Canada Goose and Green- 

winged Teal) and on Bald Eagles were evaluated through the use of food chain models. The 

potential risk is presented as a Hazard Index (HI), which is the ratio of the estimated daily dose 

to the receptor based on the food chain models to conservative estimates of potential toxicity, 

either chronic No Observable Adverse Effect Levels (NOAEL) or chronic Lowest Observable 

Adverse Effect Level (LOAEL). HIS greater than one indicate that a potential hazard may exist. 

Bald Eagles are assumed to forage over a large area and obtain fish and waterfowl for their diet 

(which also consists of rats and upland birds) from any of the lakes and ponds in the Mud Pit 

Release Sites Area. The NOAEL-based HI for the Bald Eagle is 0.17. Therefore, no effects are 

expected to Bald Eagles on Amchitka Island due to contaminants related to the drilling mud pits, 

Field observations indicate that Bald Eagles are abundant on Amchitka. The birds have adapted 

well to the closure of the Island's landfill that attracted many eagles during the periods of high 

human occupation in the 1970s, 1980s and early 1990s. Numerous nests with fledglings were 



observed during 2001 field activities. 

Green-winged Teal are year-round residents at Amchitka Island but only spend the 3-month 

breeding season associated with the freshwater areas at the site. They eat both benthic 

invertebrates and aquatic plants. Three of the lakes and ponds had NOAEL-based HIS greater 

than 1.0 for the Green-winged Teal: Drill Site D Lake, Heart Lake, and Cannikin Lake. 

The NOAEL-based HI at Drill Site D Lake for Green-winged Teal was 16 based on the modeled 

concentration of chromium bioaccumulated from the sediment in benthic invertebrates upon 

which they might feed, The LOAEL-based HI, though still greater than 1 .O, was 2.0. Sources of 

uncertainty in the HI values include the limited sediment samples collected in the lake, the non- 

site specific biota-sediment accumulation factor (BSAF) used to model the benthic invertebrate 

concentrations, and, especially, the use of a 10-month exposure study whereas Green-winged 

Teal would only be exposed during the short pre-reproductive period that they spend associated 

with the lakes and ponds. Though a potential for effects from chromium exists at Drill Site D 

Lake, it is not considered to be significant, and is limited to Drill Site D Lake. 

@ The NOAEL-based HI at Heart Lake for Green-winged Teal was 30 based on the modeled 

concentration of aluminum bioaccumulated from the sediment in benthic invertebrates upon 

which they might feed. The LOAEL-based HI was 0.076. Aluminum in sediments is usually 

found in the form of aluminum silicates, which are not readily bioavailable. The BSAF used for 

modeling benthic invertebrate concentrations of aluminum was a generic metals BSAF. 

Aluminum in sediments is not expected to readily bioaccurnulate, The toxicity test on which the 

NOAEL was based tested only one dose and found no effects. Thus, no LOAEL has been 

established for aluminum. Aluminum is not considered to be related to drilling mud, and no 

significant effects are expected from exposure to aluminum from sediments. 

The NOAEL-based HI at Cannikin Lake for Green-winged Teal was 132 based on the modeled 

concentration of PAHs bioaccumulated from the sediment in benthic invertebrates upon which 

they might feed. The LOAEL-based HI, though still greater than 1.0, was 10. Sources of 

uncertainty in the HI values include the small number of samples collected in Cannikin Lake and 

their location in only one area nearest the mud pits (these are not thought to be representative of 

the entire lake), the BSAF used for all PAHs was based on a study of only one PAH 

(beruo(a)pyrene), and the TRVs were based on acute studies in which PAHs were injected into 

eggs and observed for subsequent mortality. The route of exposure may not be appropriate for 



a developing TRVs that will effect reproduction, and safety factors of 20 to 250 were used in 

extrapolating from acute endpoints to chronic NOAELs. Though a potential for effects is present 

at Cannikin Lake due to PAHs in sediment, it is expected to be limited to birds that would only 

feed in the one small portion of Cannikin Lake, which is unlikely. No significant effects on 

Green-winged Teal populations are expected from PAHs. This conclusion is supported by recent 

field observations. During sampling and remediation activities, Green-winged Teal were 

observed to be very abundant on Amchitka, and were successfully nesting and rearing young on 

most of the small ponds throughout the eastern lowland portion of the Island. 

The Aleutian Canada Goose is a migratory bird and spends about 6 months, including the 

breeding season, at Amchitka Island. They are primarily herbivorous and eat both upland and 

aquatic plants. Three of the lakes and ponds in the Mud Pit Release Sites area had NOAEL- 

based HIS greater than 1.0 for the Aleutian Canada Goose: Drill Site D Lake, Heart Lake, and 

Cannikin Lake, 

The NOAEL-based HI for Aleutian Canada Goose at Heart Lake (1.4) was just above 1.0 and 

was due to aluminum. The LOAEL-based HIS was 0.012. Based on the uncertainty presented 

earlier, and because aluminum is not considered to be related to drilling mud, no significant 

effects are expected from exposure to aluminum from sediments. 

The NOAEL-based HI at Drill Site D Lake is 3.1 and is due to chromium. The LOAEL-based 

HI is 0.49. In addition to the sources of uncertainty related to chromium at Drill Site D Lake 

discussed above for the Green-winged Teal, the risk for Aleutian Canada Goose assumes that 

half of their on-site plant consumption is aquatic plants. Based on site observations where 

Aleutian Canada Geese were almost entirely upland grazers, this is a very conservative 

assumption. The potential for significant effects to the Aleutian Canada Goose from chromium at 

Drill Site D Lake is considered unlikely. 

The NOAEL-based HI at Cannikin Lake is 5.2 and is due to PAHs. The LOAEL-based HI is 

0.36. Based on the uncertainty regarding PAH risks discussed for Green-winged Teal and the 

overly conservative assumptions in the Aleutian Canada Goose food chain model, it is unlikely 

that PAHs in Cannikin Lake would effect the Aleutian Canada Goose population at Arnchitka 

Island. 

e 
Field observations made during sampling and remediation work indicate that the Aleutian 



Canada Goose population on Amchitka has recovered very well. In the spring of 2001, counts 

made in the work areas and along Infantry Road found both small and large flocks of geese, 

some with over 100 birds, throughout the portion of the Island containing the drill sites. 

Observations included numerous mated pairs, several nests with eggs, and adults with goslings. 

At present, the greatest threat to Aleutian Canada Geese on Amchitka is predation by Bald 

Eagles. In June of 2001, an Aleutian Canada Goose nest with eggs was found along with 

numerous adult fkathers, indicating that the female had been taken by an eagle while at the nest. 

Eagles prevented the success of the Aleutian Canada Goose captive rearing and release program 

conducted on Arnchitka in the early 1980s. 

The mud pit stabilization capping and closure work performed on Amchitka by the DOE in 2001 

removed the sources of drilling mud that has historically entered several of the streams, ponds 

and lakes adjacent to the drill sites. Although some of this material remains in ponds and stream 

depositional areas, the risks posed to ecological receptors, as evaluated in this ecological risk 

assessment, are not substantial, and will diminish over time. In addition, the birds, fish and other 

biota of Amchitka appear to be thriving at present, and the disturbance and habitat disruption that 

a would result from further remediation is not warranted by the potential reduction of risk levels. 
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TABLE 2 - 1 
SUMMARY OF PRELIMINARY 

HUMAN HEALTH CONSTITUENTS OF CONCERN 
Mud Pit Release Sites 

Arnchitka Island, Alaska 

Falls Creek (Drill Site D) chromium 

Drill Site D Lake 

Drill Site E Stream 

.-~______"-_____~-__----------_---------~--------------------------------------------------------------------------------------~---------------*--- 
inorganic arsenic, total 
arsenic, cerium, 

Bridge Creek (Longshot Site) None aluminum cesium, thallium, 
thorium vanadium 

,-~~-----_~------~------------------"-------_---------+----------------------------------------*--------------------d------------L------------------- 

Reed Pond (Longshot Site) None DRO, cesium NAN 
._1__---___"-_-___----------------+--------d-------------------*_-------~--------**-------------------*-----d*-------------------------------------. 

Cloudberry Creek (Longshot Site) None beryllium, cesium, thallium cerium, thorium 
._____--__+*_--____---------*---------"---------*-----------------d-------~**"----------------------------------------**------d---------*~----------. 

aroclor-1260, inorganic 
Rainbow Creek (Longshot Site) None DRO, aroclor-1260 arsenic, thorium 
__t______-____-f___---**--------"--------_*----------*--------*-------"*----------------------"-----*-----+-------*-------------------------*m------ 

Longshot Pond (Longshot Site) None None NAN 
__l*_--___*_---____------~------------------d--------------------------------------"---------------------------*------~-------+--------~"-------*"-- 

aroclor-1260, cesium, 
Clevenger Creek (Millrow Site) arsenic DRO, aluminum. cerium, cesium inorganic arsenic, total 

arsenic 
_____--_____--_____"-------*-"-----*~~---------------------------+-----------------------d------_-------------------------------*-------m----------- 

Heart Lake (Millrow Site) None aluminum, cerium, thorium NAN 
.____---__~----_l_--------*------_+------------------_*-*~-----_--------~----------------------------------------------------------------*----------- 

GRO. DRO, p-isopropyltoluene, 
thorium, phenanthrene, chromium. aroclor-,260, thallium 

Cannikin Lake (Cannikin Site) arsenic, boron 
aroclor-I 260, aroclor-I 248, aluminum, 
cerium, cesium 

._____--______-____--------~*-----------------+-**------------------------+*-------------d-------*--------------------_------------------------------ 

aroclor-I 260, inorganic 
White Alice Creek (Cannikin Site) arsenic DRO, aluminum, arsenic arsenic, boron, total 

arsenic 

I 

NAN - No samples from this medium were analyzed. 

Location 

HHRA-COCsum (Table 2-1) Sheet1 (612412003) 

Preliminary Constituents of Concern I 



Table 2-2 
Summary of Sediment Data for Lower Stream Reaches - Upland Streams 

Mud Pit Release Sites 

Final Amchitka HHERA 

Arnchitka Island, Alaska 

Page 1 of 2 June 2003 

Limpet Creek 
Station 5 
(mglkg) 

Drill Site E Stream 
Station 5 
(mglkg) 

Upland Stream 
Background 

Conc. 
(mglkg) 

Falls Creek 
Station 5 
(mglkg) 



Table 2-2 
Summary of Sediment Data for Lower Stream Reaches - Upland Streams 

Mud Pit Release Sites 

Drill Site E Stream 

Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL 
ND Not detected (detection limit) 
- Not available 
rnglkg milligrams per kilogram 
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Summary of Sediment Data for Lower Stream Reaches - Lowland Streams 
Mud Pit Release Sites 

Amchitka Island, Alaska 

White Alice Creek 

Final Amchitka HHERA Page 1 of 2 June 2003 



Summary of Sediment Data for Lower Stream Reaches - Lowland Streams 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Lowland Stream 
White Allce Creek 

a Screening value is based on 1% organic carbon 
Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL 

ND Not detected (detection limit) 
- Not available 
mglkg milligrams per kilogram 

Final Arnchitka HHERA Page 2 of 2 June 2003 



Table 2-4 
Summary of Surface Water Data for Lower Stream Reaches 

Upland Streams 
Mud Pit Release Sites 

Drill Site E Stream 

Final Arnchitka HHEW Page I of 2 June 2003 



ND Not detected (detection limit) 
- Not available 

Final Amchitka HHERA Page 2 of 2 June 2003 



Table 2-5 
Summary of Surface Water Data for Lower Stream Reaches 

Lowland Streams 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Aroclor 1260 I 1 
Arodor 1262 
Arocior 1268 ! 1 
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Table 2-5 
Summary of Surface Water Data for Lower Stream Reaches 

Lowland Streams 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Rainbow Creek White Alice Creek 

ND Not detected (detection limit) 
- Not available 

i 

Final Amchitka HHERA Page 2 of 2 June 2003 



Final Amchitka HHERA 

Table 2-6 
Sediment PCB Concentrations at Lowest Reaches 

of Creeks in Near Shore Habitat 
Mud Pit Release Sites 

Arnchitka Island, Alaska 

ND - Not detected (detection limit) 

1 I 
Polychlorinated Biphenyls 

June 2003 Page 1 of ? 

Clevenger Creek Analyte Rainbow Creek 

ND(0.0022) 
ND(0.0022) 
ND(0.0022) 
ND(0.0022) 
ND(0.0022) 
ND(0.0022) 
ND(0.0022) 
ND(0.0022) 
ND(0.0022) 

Aroclor 101 6 (mglkg) 
Aroctor l221 (mglkg) 
Aroclor 1232 (mglkg) 
Aroclor 1242 m gl kg) 
Aroclor 1248 (mglkg) 
Aroclor 1254 (mglkg) 
Aroclor l26O (mglkg) 
Aroclor 1262 (m glkg) 
Aroclor 1268 (mglkg) 

Total Organic Carbon (mglkg) 1 990 I 270 

ND(0.003) 
ND(0.003) 
ND(0.003) 
ND(0.003) 
ND(0.003) 
ND(0.003) 
ND(0.003) 
ND(0.003) 
ND(0.003) 



Table 2-7 
Physical Constants for Select Chemicals 

Mud Pit Release Sites 
Amchitka Island, Alaska 
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Table 2-7 
Physical Constants for Select Chemicals 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Calculated from Henry's Law Constant by the equation VP = [H ' S (760 rnm Hglatm)]l[S] 
Calculated from the unitless Henry's Law Constant provided in ADEC (200b) by the equation H = H' ' 0.024 
From ADEC (2000b) 
Molecular Weight based on Equivalent Carbon Number (EC) provided by ADEC (2000b) and the maximum number 
of hydrogen atoms using the equation: MW = 12'EC + TEC + 2 
From Superfund Public Health Evaluation Manual (USEPA. 1986) 
From Basics of Pump-and-Treat Ground-Water Remediation Technology (USEPA, 1990). 
From Verscheuren (1 983) 
Calculated using the equation H = [VP * (1 atm1760 mm Hg) ' MW] I [S] 

Final Arnchitka HHERA 

Molecular 
Weight 

MW 
(glmole) 

Vapor 
Pressure 

VP 

(mm Hg) 

Page 2 of 2 

Metals 
Aluminum 0.0 N A 
Arsenic 0.0 N A 
Barium 0.0 N A 

June 2003 

Henry's Law 
Constant 

H 
(atm-m3/mol) 

Solubility 
S 

( W L )  



TABLE 2 - 8 
PARAMETERS FOR ON-SITE USFWS WORKER EXPOSURE PATHWAYS 

Amchitka Island, Alaska 

I I 

I Environmental Medium Exposure 
and Exposure Route Parameter Units Value I Rationale I 

Body Weight (BW) 
kg I 70 (a) Default value 

Exposure Duration (ED) years 1 1.5 (a) Default value 

Averaging Time (AT) 
Cancer 
Non-Cancer 

days 
25,550 (a) Default value 

547 (a) Equal to exposure duration 

I Dermal Permeability Constant (b) m l h r  1 (0) constituent-specfc value I 
I Surface Area of Exposed Skin (SA) cm2/event 

I Exposure Time (ET,) hrslday I 10 (c) Activity requires an entire workday to complete I 

95th percentile area of kad ,  arms, forearms, and hands of adult 
59700 (b) males and femates I 

95th percentile area of head, arms, fwearms, and hands of adult 
Surface Area of Exposed Skin (SA) cm2/event 5,700 (b) males a, ,males 

Sediment Adherence Factor (AF,,) mg/cm2 0.32 (d) Recommended value for adult soil contact 

I Exposure Frequency (EF,,) dayslyear 365 (c) Daily routine maintenadmonitwing activities I 

I Exposure Frequency (EF,,) eventslyear I 365 (c) Daily routine mainte~ncdmonitoring activities I 

Dermal Absorption Factor (ABSd,,,,,) unitless 
Other Organics 
Other Inorganics 

Ingestion Rate (IR,,,) kglday 0.0068 (b) 95th percentlie intake of recreational anglers In P a c k  region 

(d) Constituent-specifc value 

0.1 (d) Default value if chemical-spwiRc value is unavaHaMe 
0.01 (d) Default value if chemical-specif& value is unavailable 

Notes 
1. Reasonable Maximum Exposure (RME) parameters are based on upper bound (s.g. 90-95th percentile) exposure values. 
(a) USEPA. 1991b. Human Health Evaluation Manual. Supplemental Guidance. Standard Default Exposure Factors. OSWER Directive 9285.6-03. 

(b) USEPA. 1997d. Exposure Factors Handbook. EPN60WP-951M12F. 
(c) Site-specific risk assessment assumption. 
(d) USEPA. 1998. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual, Supplemental Guidance. Dermal Risk Assessment, Interim Guidance. 
(e) USEPA. 2001 b. Risk Assessment Guidance fw Superfund, Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Interim. 

Office d Emergency and Remedial Response. Washington. DC. EPA/540lFU901005. 

Exposure Frequency (EFfih) dayslyear 

Absorption Factor (ABS,,,,) unitless 

Final Arnchitka HHERA 1 o f 1  June 2003 

365 (b) Default. Ingestion rate based on a m l  average 

I (a) Default value 



TABLE 2 - 9 
PARAMETERS FOR PART - TIME SUBSISTENCE USER EXPOSURE PATHWAYS 

Amchitka Island. Alaska 

Final Arnchitka HHERA 

Environmental Medium Exposure 
and Exposure Route Parameter Units 

I of2 June 2003 

RME ' 
Value Rationale 

70 (a) Default value 
15 (a) Default value 

30 (a) 95th percentile for population mobility 
6 (a) Default value 

Cancer 25,550 (a) Default value 

Non-Cancer 10,950 (a) Equal to exposure duration 

Cancer 25.550 (a) Oefault value 

Absorption Factor (ABS,,,,) 1 (a) Default value 

Ingestion Rate (IR,,.,) 0.4 (c) 50 ml per hour for 8 hours a day 

Surface Area of Exposed Skin (SA) cm2/event 5.700 (b) adult males and females 

Dermal Permeability Constant (&) (e) Constituent-specific value 

(g, mme spent in direct contad with surface water during each 
Exposure Time (ET,,) 

Exposure Frequency (EF.,) 18 (g) Three day stay every other month 

Absorption Factor (ABS,,,,,,) unitless 

Ingestion Rate (IR,,) mg/day 

Exposure Frequency (El=,&) dayslyear 

1 (a) Default value 

100 (f) Upper percentile estimate for adult soil ingestion 

18 (g) Three day stay every other month 



TABLE 2 - 9 
PARAMETERS FOR PART - TIME SUBSISTENCE USER EXPOSURE PATHWAYS 

Amchitka Island. Alaska 

Notes: 
1. Reasonable Maximum Exposure (RME) parameters are based on upper bound (e.g, 90-95th percentile) exposure values. 
(a) USEPA, 1991b. Human Health Evaluation Manual, Supplemental Guidance, Standard Default Exposure Factors. 
OSWER Directive 9285.6-03. 

(b) USEPA, 1997d. Exposure Factors Handbook. EPN6001P-951002F. 
(c) USEPA, 1989a. Risk Assessment Guidance for Superfund. Volume I: Human Health Evaluation Manual. EPN540/1-891002. 
(d) USEPA. 1998, Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Supplemental Guidance, 

Dermal Risk Assessment, Interim Guidance. 
(e) USEPA, 2001b. Risk Assessment Guidance for Superfund. Volume I: Human Heatth Evaluation Manual (Part E, Supplemental Guidance for 
(9 Calabrese, et. al.. 1990. Preliminary Adult Soil Ingestion Estimates; Results of a Pilot Study. Regul. Toxicol. Pharmacol. 12: 88-95. 
(g) Site-specific risk assessment assumption. 

Environmental Medium Exposure 
and Exposure Route Parameter Units 

Final Amchitka HHERA 

RME ' 
Value Rationale 

June 2003 

Surface Area of Exposed Skin (SA) cmYday 5,700 (b) 95th percent118 area of head, arms, forearms, and hands of 
adult males and females 

Sediment Adherence Factor (AF,,,) mg/cm2 0.32 (d) Recommended RME so11 adherence factor for adults 

Dermal Absorption Factor (ABS,,,,,,) unitless (d) Const~tuent-spec~fic value 

Other Organics 0.1 (d) Default value ~f const~tuent-spec~fic value 1s unava~lable 
Other Inorganics 0.01 (d) Default value if const~tuent-spec~fic value is unava~lable 

Exposure Frequency (EF,,) 

Ingestion Rate (IR,,,,) kglday 

Adult 

Child 

Absorption Factor (ABSt,.,) unitless 

Exposure Frequency (EF,,,) dayslyear 
Adult 
Child 

Basad on a total fish ingestion rate of 360 glday for the 
0 036 (g) Aleutian Pacific region and the assumption that 10% of the 

total ~ngested fish come from Amch~tka 

Based on a total fish lngestlon rate of 77 glday for the 
0.0077 (g) Aleutian Pacific region and the assumption that 10% of the 

total ingested fish come from Amchltka 

1.0 (a) Defauil 

365 (b) Defauil lngestlon rate based on annual average 
365 (b) Default lngest~on rate based on annual average 



TABLE 2 - l O  
CARCINOGENIC EFFECTS OF 

PRELIMINARY CONSTITUENTS OF CONCERN 
Amchitka Island, Alaska 

Detected 
Constituents 

Weight Oral Dermal 
CAS of Slope Slope 

Number Evidence Factor Factor 
(mgJkg1day)-' (mglkglday~' 

Basis for 
Carcinogenic Classification 

Inorganics: 
Aluminum 7429-90-5 N A N A N A 
Arsenic (total) 7440-38-2 A 1.50E+00 a 1.50E-00 c Increased lung cancer mortality 
Arsenic (inorganic) 7440-38-2 A 1 .jOE+OO a 1 .SOE+00 c Increased lung cancer mortality 

B2 
Lung cancer In rats and monkeys via inhalation and osteosarcomas In rabbits via 

Beryllium 7440-4 1-7 4.30E+00 a 4.30€+02 c . 
~ntravenous or intramedullaw inlxtion 

Boron 7440-42-8 N A N A N A 
Chromtum (trivalent) 16065-83-1 D N A N A 
Chromium (hexavalent) 1 8 540-29-9 A N A N A 
Cerium 7440-45- 1 N A N A h' A 
Cesium 7440-46-2 N A N A N A 
Thallium 7440-28-0 N A N A N A 
Thorium 7440-29- 1 N A N A N A 
Uranium 7440-61 - I  N A N A N A 
Vanadium 7440-62-2 N A N A N A 

Petroleum Hvdrocarbons: 
Diesel Range Organics N A N A N A N A 
Gasoline Range Organics N A N A PU' A N A 

-ed Pesticides: 

1 1096-82-5 B2 2.00E+00 b 2.00E+00 c 
Hepatocellular adenomas, carcinomas, Cholangiomas, or cholangiocarcinomas in 

Aroclor-I 260 
female rats through dietary exposure 

Aroclor-I 248 12672-29-6 3 2  2.00E+00 b 2.00EMO 
Hepatocellular adenomas, carcinomas, Cholangiomas, or cholangiocarcinomas in 
female rats through dietary exposure 

-Aromatic Hvdrocarbons: - 
Benzo(g,h,i)perylene 19 1-24-2 D N A N A 
Phenanthrene 85-0 1-8 D NA N A 
p-lsopropyltoluene 25155-15-1 N A N A N A 

Notes: 
NA - Not Available 

Final Amchitka HHERA I of2 June 2003 



a 
TABLE 2 - 10 

CARClNOGENIC EFFECTS OF 
PRELIMINARY CONSTITUENTS OF CONCERN 

Amchitka Island, Alaska 

Basis for 
Constituents Carcinogenic Classification 

a - Integrated Risk Information Servise (IRIS), on-line, June, 2002. 
b - USEPA, 1996. Risk Assessment Issue Papers, Attachments 1 - 20. Superfund Technical Support Center. 
c - Calculated using the method provided in "Risk Assessment Guidance for Superfund Human Health EvaIuation Manual. Appendix .4" (USEPA, 1989). 

Final hmchitka HHERA 2 of2  June 2003 
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TABLE 2 - 11 
NON-CARCINOGENIC EFFECTS OF 

PRELIMINARY CONSTITUENTS OF CONCERN 
Amchitka Island, Alaska 

Constituents 
Of 

Concern 

Oral Dermal 
CAS Chronic Chronic 

Number RfD RfD 
Critical 
Effects 

Inornanics: 
Aluminum 7429-90-5 NA NA 
Arsenic (total) 7440-3 8-2 3.00E-04 a 3.00E-04 d Hyperpigmentation, keratosis, and possible vascular comp1ications 
Arsenic (inorganic) 7440-3 8-2 3.00E-04 a 7.00E-02 d Hyperpigmentation, keratosis, and possible vascular complications 
Beryllium 7440-4 1-7 2.00E-03 a 2.00E-05 d No adverse effects 
Boron 7440-42-8 9.00E-02 a 9.00E-02 d Testicular atrophy, spermatogenic arrest 
Chromium (trivalent) 16065-83-1 1.50E+00 a 7.5OE-03 d No adverse effects 
Chromium (hexavalent) 18540-29-9 3.00E-03 a 6.00E-05 d No adverse effects 
Cerium 7440-45- 1 NA NA 
Cesium 7440-46-2 NA NA 
Thallium 7440-28-0 9.00E-05 a 9.00E-05 d Increased levels of SGOT and LDH 
Thorium 7440-29- 1 N A N A 
Uranium 7440-6 1- 1 NA N A 
Vanadium 7440-62-2 7.00E-03 b 3.50E-04 d No adverse effects 

Petroleum Hvdrocarbons: 
Diesel Range Organics NA 4.00E-02 e 4.00E-02 d 
Gasoline Range Organics NA 2.00E-01 e 2.00E-01 d 

Chlorinated Pesticides: 
Aroclor-I 260 11096-82-5 N A N A 
Aroclor-1248 12672-29-6 NA N A 

Polvcyc~ic Aromatic Hvdrocarbons: 
Benzo(g, h,i)perylene 19 1-24-2 NA NA 

Phenanthrene 85-01-8 4.00E-02 c 4.00E-02 d Nephropathy, increased liver weight, hematological alterations, and clinical effects 

p-lsopropyltoluene 25 155-15-1 N A N A 
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TABLE 2 -11  
NON-CARCINOGENIC EFFECTS OF 

PRELIMINARY CONSTITUENTS OF CONCERN 
Amchitka Island, Alaska 

Constituents 
Of 

Oral Dermal 
CAS Chronic Chronic 

Number RfD RfD 

Critical 
Effects 

Concern 1 

Notes: 
NA - Not Available 
a - Integrated Risk Information Sewise (IRIS), on-line, June, 2002. 
b - Health Effects Assessment Summary Tables (HEAST). OERR 9200.6-303(97-I), 1997, EPA-540-R-97-036. 
c - Non-cancer reference doses for fluoranthene used as a surrogate. 
d - Calculated using the method provided in "Risk Assessment Guidance for Superfund: Human Health Evaluation Manual. Appendix A" (USEPA, 1989). 
e - ADEC, 2002. Cumulative Risk Guidance. 
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TABLE 2 - 12 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

FALLS CREEK (DRILL SITE D) 
Amchitka Island, Alaska 

USFWS Worker Exposure Pathway 

CARCINOGENIC RISKS 
Surface Water : 

Ingestion NA 
Dermal Contact NC 

Sediment : 
Ingestion NA 4.95E-08 
Dermal Contact 1.28E-07 1.26E-07 

Fish : 
lngestion 

TOTAL RISK 1.28E-07 1.76E-07 I 
NON-CARCINOGENIC HAZARDS 

Surface Water : 
Ingestion NA 1.58E-04 
Dermal Contact 4.71 E-02 1 .&6E-03 

Sediment : 
Ingestion NA 1.51 E-04 
Dermal Contact 4.52E-02 1.78E-03 

Fish : 
lngestion 

TOTAL HAZARD 9.23E-02 3.95E-03 

DRO HAZARD 1 . I  5E-02 8.75E-04 

NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environmental 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

1 Final Amchitka HHERA June 2003 



TABLE 2 -  13 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

DRILL SlTE D LAKE (DRILL SlTE D) 
Amchitka Island, Alaska 

Exposure Pathway USFWS Worker 

Surface Water : 
Ingestion NA 
Dermal Contact NC 

CARCINOGENIC RISKS 

Sediment : 
Ingestion NA 
Dermal Contact NC 

Fish : 
lngestion 

TOTAL RISK NC NC 1 
NON-CARCINOGENIC HAZARDS 

Surface Water : 
Ingestion NA 1.51 E-04 
Dermal Contact 4.52E-02 1.78E-03 

Sediment : 
Increstion 
~ e r m a l  Contact 4.37E-01 2.1 5E-02 

Fish : 
lngestion 

TOTAL HAZARD 4.82E-01 2.57E-02 

DRO HAZARD 9.52E-03 7.26E-04 

NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environmental 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

Final Amchitka HHERA June 2003 



TABLE 2 - 14 
SUMMARY OF CARCINOGENIC RISKS 
DRILL SlTE E STREAM (DRILL SlTE E) 

Amchitka Island, Alaska 

Exposure Pathway 

CARCINOGENIC RISKS 
Surface Water : 

Ingestion NA 
Dermal Contact NA 

Sediment : 
lngestion 
Dermal Contact 

Fish : - 
lngestion 

NON-CARCINOGENIC HAZARDS 
Surface Water : 

Ingestion NA NA 
Dermal Contact NA NA 

Sediment : 
Ingestion NA 1.24E-07 
Dermal Contact 4.58E-06 2.26E-07 

Fish : - 
lngestion 

TOTAL HAZARD 4.58E-06 3.50E-07 

DRO HAZARD 1.44E-03 1.1 OE-04 

NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environmental 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

Final Amchitka HHERA June 2003 



TABLE 2 - 15 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

BRIDGE CREEK (LONGSHOT SITE) 
Amchitka Island, Alaska 

Exposure Pathway USFWS Worker 

CARCINOGENIC RISKS 
Surface Water : 

lngestion 
Dermal Contact 

Sediment : 
lngestion 
Dermal Contact 

Fish : - 
lngestion 

NON-CARCINOGENIC HAZARDS 
Surface Water : 

lngestion 
Dermal Contact 

Sediment : 
Ingestion NA 
Dermal Contact NC 

Fish : - 
lngestion 

TOTAL HAZARD NC NC I 
NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environmental 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

Final Amchitka HHERA June 2003 



TABLE 2 - 16 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

REED POND (LONGSHOT SITE) 
Amchitka Island, Alaska 

Exposure Pathway USFWS Worker 

CARCINOGENIC RISKS 
Surface Water : 

Ingestion NA 
Dermal Contact NA 

Sediment : 
Ingestion NA 
Dermal Contact NC 

Fish : 
lngestion 

NON-CARCINOGENIC HAZARDS 
Surface Water : 

Ingestion NA NA 
Dermal Contact NA NA 

Sediment : 
Ingestion NA 
Dermal Contact NC 

Fish : 
lngestion 

TOTAL HAZARD NC NC 

DRO HAZARD 2.78E-03 2.1 2E-04 - 
NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environmental 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

Final Amchitka HHERA June 2003 



TABLE 2 - 17 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

CLOUDBERRY CREEK (LONGSHOT SITE) 
Amchitka Island, Alaska 

USFWS Worker Exposure Pathway 

CARCINOGENIC RISKS 
Surface Water : 

lngestion 
Dermal Contact 

Sediment : 
Ingestion NA 3.77E-07 
Dermal Contact 6.96E-08 6.87E-08 

Fish : 
lngestion 

NON-CARCINOGENIC HAZARDS 
Surface Water : 

lngestion 
Dermal Contact 

Sediment : 
Ingestion NA 3.1 9E-03 
Dermal Contact 1.1 8E-02 5.83E-04 

Fish : 
lngestion 

OTAL HAZARD 1.1 8E-02 3.77E-03 I 
NA - Not Applicable 

Final Amchitka HHERA 
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TABLE 2 -  18 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 
RAINBOW CREEK (LONGSHOT SITE) 

Amchitka Island. Alaska 

Exposure Pathway USFWS Worker 

CARCINOGENIC RISKS 
Surface Water : 

lngestion 
Dermal Conta~t 

Sediment : 
Ingestion NA 2.78E-08 
Dermal Contact 7.19E-08 7.09E-08 

Fish : 
lngestion 

TOTAL RISK 7.1 9E-08 9.87E-08 I 
NON-CARCINOGENIC HAZARDS 

Surface Water : 
lngestion 
Dermal Contact 

Sediment : 
lngestion 
Dermal Contact 

Fish : 
lngestion 

TOTAL HAZARD NC NC 

DRO HAZARD 1.38E-01 1.05E-02 

NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environmental 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

Final Amchitka HHERA June 2003 
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TABLE 2 - 1 9  
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 
CLEVENGER CREEK (MILLROW SITE) 

Amchitka Island, Alaska 

USFWS Worker Exposure Pathway 

CARCINOGENIC RISKS 
Surface Water : 

Ingestion NA 3.35E-07 
Dermal Contact 4.84E-08 3.82E-08 

Sediment : 
Ingestion NA 
Dermal Contact NC 

Fish : 
lngestion 

TOTAL RISK 4.84E-08 3.73E-07 I 
NON-CARCINOGENIC HAZARDS 

Surface Water : 
Ingestion NA 1.74E-03 
Dermal Contact 5.03E-03 1.98E-04 

Sediment : 
lngestion 
Dermal Contact 

Fish : - 
lngestion 

, 
TOTAL HAZARD 5.03E-03 1.94E-03 

DRO HAZARD 3.53E-02 2.70E-03 

NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environmental 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

Final Amchitka HHERA June 2003 



Exposure Pathway USFWS Worker 

TABLE 2 - 20 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

HEART LAKE (MILLROW SITE) 
Amchitka Island, Alaska 

CARCINOGENIC RISKS 
Surface Water : 

Ingestion NA NA 
Dermal Contact NA NA 

Sediment : 
Ingestion NA NC 
Dermal Contact NC NC 

Fish : - 
lnges tion NA NA 

NON-CARCINOGENIC HAZARDS 
Surface Water : 

Ingestion NA NA 
Dermal Contact NA NA 

Sediment : 
Ingestion NA NC 
Dermal Contact NC NC 

Fish : - 
Ingestion NA NA 

NA - Not Applicable 
NC - Not Calculated, no carcinogenic COPCs identified in environm 

media at this site, or non-carcinogenic COPCs do not have 
toxicity values. 

Final Amchitka HHERA 
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TABLE 2 - 21 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

CANNIKIN LAKE (CANNIKIN SITE) 
Amchitka Island, Alaska 

Exposure Pathway 

Surface Water : 
lngestion 
Dermal Contact 

Sediment : 
lngestion 
Dermal Contact 

Fish : 
lngestion (adult) 
lngestion (child) 

CANCER RISKS 

TOTAL RISK (adult) 3.50E-07 1.25E-05 

TOTAL RISK (child) NA 2.18E-06 
r 

NON-CARCINOGENIC HAZARDS 
Surface Water : 

lngestion 
Dermal Contact 

Sediment : 
lngestion 
Dermal Contact 

Fish : - 
lngestion (adult) 
lngestion (child) 

TOTAL HAZARD (adult) 2.41 E-01 3.04E-01 

TOTAL HAZARD (child) NA 2.85E-01 

DRO HAZARD 3.07E-01 2.34E-02 

GRO HAZARD 3.38E-04 2.57E-05 

NA - Not Applicable 

Final Amchitka HHERA June 2003 



TABLE 2 - 22 
SUMMARY OF CARCINOGENIC RISKS 
AND NON-CARCINOGENIC HAZARDS 

WHITE ALICE CREEK (CANNIKIN SITE) 
Amchitka Island, Alaska 

Exposure Pathway 

CARCINOGENIC RISKS 
Surface Water : 

Ingestion NA 1.16E-06 
Dermal Contact I .68E-07 1.33E-07 

Sediment : 
Ingestion NA 4.94E-06 
Dermal Contact 2.74E-06 2.7OE-06 

Fish : - 
lngestion 

NON-CARCINOGENIC HAZARDS 
Surface Water : 

lnaestion 
~ g r m a l  Contact 1.74E-02 6.87E-04 

Sediment : 
Ingestion NA 
Dermal Contact 2.84E-01 

Fish : - 
lngestion 

TOTAL HAZARD 3.01 E-01 4.63E-02 

DRO HAZARD 7.56E-03 5.77E-04 

NA - Not Applicable 
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Table 3-1 
Ecological Screening Values For Surface Water 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Suter and 

1,3,5-Trimethylbenzene 

Carbon Disulfide 

lsopropylbenzene 

Methylene chloride 

p-lsopropyltoluene 

sec-Butylbenzene 
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Table 3-1 
Ecological Screening Values For Surface Water 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Expressed in terms of dissolved metal in water 
Tier II Secondary Chronic Value. 

" Screening concentration is a function of hardness. Number presented is for a hardness of 100 mglL as CaCO,. 
"owest chronic value. 

Value is derived by dividing acute LOEL by 100. 
' Value is derived by dividing lowest LC,, by 250. 

Value for 1,2,4-Trimethylbenzene used as a surrogate. 
Value for tert-butyibenzene used as a surrogate. 

' Final Chronic Values calculated for derivation of equilibrium partitioning sediment guidelines (ESGs) 
Measured as total aqueous hydrocarbons 

NAV - Not available 
11glL - Micrograms per liter 
Values in bold are selected as ecological benchmarks for the risk assessment 
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Table 3-2 
Ecological Screening Values For Sediment 

Mud Pit Release Sites 
Arnchitka Island, Alaska 

Screening Concentration 
(m9lkg) 

Persaud et al., Equilibrium 

Parameter USEPA, 2000b 1993 Jones et al, 1997 partitioningg 

lnorqanics 

Aluminum NAV NAV 58,000~ N A 

Arsenic NAV 6 11.7' N A 

Barium NAV NAV NAV N A 
Beryllium N AV NAV NAV N A 
Boron NAV NAV N AV N A 
Cadmium NAV 0.6 0.6' N A 

Calcium NAV N AV NAV N A 
Cerium N AV NAV NAV N A 
Cesium NAV NAV NAV N A 

Chromium NAV 26 56' N A 

Cobalt NAV NAV NAV N A 

Copper NAV 16 25' N A 

Iron NAV 20,000 NAV N A 
Lithium NAV NAV NAV N A 
Magnesium N AV NAV NAV N A 

Manganese N AV 460 1.673' N A 

Molybdenum N AV NAV NAV N A 

Nickel N AV 16 40' N A 

Potassium NAV N AV NAV N A 
Selenium NAV NAV N AV N A 
Strontium NAV NAV NAV N A 
Thallium NAV NAV NAV N A 
Thorium N AV NAV NAV N A 
Titanium NAV NAV NAV N A 
Uranium N AV NAV N AV N A 
Vanadium N AV N AV N AV N A 

Zinc N AV 120 159' N A 

Volatile Oraanic Comoounds 
1,2,4-Trimethylbenzene NAV NAV NAV 1.2* 

I ,3,5-Trimethylbenzene NAV NAV NAV 0.76" 

2-Butanone NAV NAV NAV 14" 

Acetone NAV NAV NAV 1.5' 

Benzene NAV NAV NAV 0.16' 

Carbon disulfide N AV NAV NAV 0.OOIc 

Ethylbenzene NAV NAV NAV 0.089' 

lsopropylbenzene NAV NAV NAV 0.la 

m,p-Xylene NAV NAV NAV 0.18~ 

Methylene chloride NAV NAV NAV 2.2" 

n-Butylbenzene N AV N AV NAV 22" 

n-Propylbenzene NAV N AV NAV 0.2Sa 

o-Xylene NAV NAV NAV 0.16" 

p-lsopropyltoluene NAV N AV NAV 2.8a 
sec-Butyl benzene NAV N AV NAV 24a 

Toluene NAV NAV N AV 0.05' 

Xylene N AV N AV N AV 0.17~ 
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Table 3-2 
Ecological Screening Values For Sediment 

Mud Pit Release Sites 
Amchitka Island, Alaska 

a Screening concentration is based on 1 % Organic Carbon 
Screening concentration is for total PCBs 

" Since Log &, < 2, assumes VOC partitions completely to pore water and conservatively assumes 50% moisture content. 

Probable Effects Concentration from Assessment and Remediation of Contaminated Sediments Program 
Equilibrium Partitioning Approach using 15 uglL total aqueous hydrocarbon standard. and Koc values and percent aromatics and 
aliphatics from ADEC (2000b) 
Threshold Effectc Concentration from Assessment and Remediation of Contaminated Sediments Program 
Equilibirurn partitioning approach used for deriving sediment screening level based on surface water screening level in Table 3-1 
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Table 3-3 
Summary of Constituents of Potential Ecological Concern 

Mud Pit Release Sites 
Amchitka Island, Alaska 

alls Creek (Drill Site D) 
f_________-r_______------""--------------"---*----"----d-----_------"---"---------~-----d----"------------------------ 

DRO, PAHs, PCBs, barium, chromium, 
Drill Site D Lake PCBs, aluminum 

PCBs, aluminum DRO, PAHs, chromium, nickel 

----------*------------ 

Reed Pond (Longshot Site) 
.---___-___"___-_-------------~---------~----_-------"-*~----------------~"-----"--------*-------------*---------"------ 

Longshot Pond (Longshot Site) PCBs 
.___"-_____________-"---*-------------*-"----------"---"-------------~-----------*---------*--"------------------------- 

PCBs, aluminum, 
Clevenger Creek (Millrow Site) copper, iron, titanium 

DRO, aluminum, copper, nickel 
I----_-"~--_"f"__-_---~----*------------" -_-4-_r-----_-_-__--"------"--*--------------------------------------- 

Heart Lake (Millrow Site) PCBs Aluminum, copper 
-____-____-____r-__-------------------------*-"-_-----------~-----*---~-----_-----------"------------------------------ 

DRO, PAHs, PCBs, I ,2,4- 
trimethylbenzene, 1-3-5, 

Cannikin Lake (Cannikin Site) PCBs trimethylbenzene, xylene, n- 
propylbenzene, cadmium, chromium, 

Final Amchitka HHERA Page 1 of 1 June 2003 







E = Drill Site E 
F = Drill Site F 
RS = Reference Stream 
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Table 3-8 
Wildlife Life History Parameters 

Mud Pit Release Sites 
Arnchitka Island, Alaska 

a Based on tenitory radius (average at SE) of 0.93 krn for lakelwoods environment in Minnesota (Mahaffy and Frenzel, 1987) 
Based on average of male and female weights in Florida (Wiemeyer, 1991) 
Estimated based on allometric equation of Calder and Braun (1983): IR (Llday) = 0.059 BW*." (kg) 
Based on body-weig ht normalized ingestion rate for free-flying adults in Washington (Stalmaster and Gessaman, 1984) 
Based on two studies [Pfliefer (1975) and Kolehmainen (1974)] one kg of bluegitl includes 0.00168 kg sediment. Thus, 0.1 7% IR,,,, used. 

f Based on Amchitka specific data (Anthony et a[., 1999) 
Average of male and female adult home range in Minnesota for a wetlandslriver area (Kirby et al., 1985) 
Average of mean male and female weights from Patmer (1976) as cited in Dunning (1984) 

' Estimated based on allometric equation of Nagy (1987): IR {kglday) = 0.0582 BW'.~~'  (kg). 
Percent soil in blue-winged teal diet of <2 % dryldry is used (Beyer et al., 1994). 

k Swanson eta!., ( 7  985), mallard diet for North Dakotalprairie potholes is used. 
' Range for Canada Goose in a Washington river habitat is used (Eberhardt et al., 1989) 
Percent soil in Canada Goose diet of 8.2 O h  dryldry is used (Beyer et a!., 1994). 

"Observations made during site visits indicated most feeding was in upland areas, 50% aquatic is considered conservative 

Species 

Bald Eagle 
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Foraging 
Area 

(Ha) 
1900 

June 2003 

Body 
Weight 

(kg wet weight) 
3.5 l" 

Green-winged Teal 

Aleutian Canada Goose 

Footnotes 
' Cited in USEPA (1 993) 

0.341 

1.94 

580 l v g  

983 

Water 
Intake 

(Llday) 
0.14 

0.029 

0.09 

Food 
Intake 

(kgiday) 

0.75 invertebrates lvK 

0.25 plant matter 
0.50 aquatic plants " 
0.50 upland plants 

Incidental 
Soillsediemnt 

Ingestion 

(kg drylday) 

0.029 ' 
dry 

0.09 ' 
dry 

Dietary 
Fractions 

0.0006 ' 
0.007 

0.10 fish ' 
0.10 waterfowl 
0.50 other birds 
0.30 mammals 

0.42 
wet 

0.0002 e 



Table 3-9 
Sediment-to-Invertebrate Bioaccumulation Factors 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical B AF BAF Source 
Ikglkg dry) (kglkg wet) 

-" * inma& ~ $ a ~ & t ~ & .  &,- _* - & %  , :% &+=,z 
Aluminum 5.39 ht BAF, 83.3% moisture in 

earthworms assumed 
Arsenic 5.39 0.90 USEPA ( 7  999b) for wet weight BAF, 83.3% moisture in 

earthworms assumed 
Barium 5.39 0.90 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 

earthworms assumed 
Boron NA NA 
Cadmium 20.36 3.40 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 

earthworms assumed 
Chromium 2.34 0.39 USEPA (1999b) for wet weight 8AF, 83.3% moisture in 

earthworms assumed 
Copper 1.80 0.30 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 

earthworms assumed 
Iron NA NA 
Nicke 5.39 0.90 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 

earthworms assumed 
Titanium N A NA 
Zinc 3.41 0.57 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 

d 
-$-eiiy o ompo , - :;Ley=- -1; 3 ; 
ACENAPHTHENE 9.52 1.59 BAF for benzo(a)pyrene used as sunogate 
ACENAPHTHYLENE 9.52 1 -59 BAF for benzo(a)pyrene used as surrogate 
ANTHRACENE 9.52 1.59 BAF for benzo(a)pyrene used as surrogate 
BENZO[A]ANTHRACENE 8.68 1.45 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 

earthworms assumed 
BENZO[B]FLUORANTHENE 9.64 1.61 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 

earthworms assumed 
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Table 3-9 
Sediment-to-Invertebrate Bioaccumulation Factors 

Mud Pit Release Sites 
Amchitka Island, Alaska 

1.61 USEPA (1 999b) for wet weight BAF, 83.3% moisture in 
earthworms assumed 

1.38 USEPA (1999b) for wet weight BAF, 83.3% moisture in 
earthworms assumed 

1.61 USEPA (1999b) for wet weight BAF, 83.3% moisture in 
earthworms assumed 

1.59 BAF for benzo(a)pyrene used as surrogate 
1.59 BAF for benzo(a)pyrene used as surrogate 

earthworms assumed 
1.59 BAF for benzo(a)pyrene used as surrogate 
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Table 3-9 
Sediment-to-Invertebrate Bioaccumulation Factors 

Mud Pit Release Sites 
Arnchitka Island, Alaska 

assumed to convert to dry weight. 
27.1 6 BAF wet calculated using log BAF = 0.819 x log Kow - 

1.746 (Southworth et al., 19781, where log Kow = 3.15 
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Table 3-10 
Benthic Invertebrate Exposure Point Concentrations 

Mud Pit Release Sites 
Amchitka Island, Alaska 
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Table 3-11 
Sediment-to- Aquatic Plant Bioaccumulation Factors 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical BAF BAF Source Primary Reference 
Ikglkg dry) Ikglkg wet) 

0.004 0.0008 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 
Aluminum 

to convert to wet weight. 
Arsenic 0.036 0.0072 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 

to convert to wet weight. 
Barium 0.15 0.03 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 

to convert to wet weight. 
Boron 
Cadmium 0.364 0.0728 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 

to convert to wet weight. 
Chromium 0.0075 0.001 5 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 

to convert to wet weight. 
COPPER 0.4 0.08 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 

to convert to wet weight. 
IRON 
NICKEL 0.032 0.0064 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 

to convert to wet weight. 
TITAN1 UM 
ZINC 1.2E-12 2.457 3 USEPA, 1999b, for dry weight BAF. 80% moisture in plant assumed 

to convert to wet weight. 

-@egggo1 
"Y" -*> 2#L - :gg *:=* a=* . zg* - -??& =,s -I; 

Acenapthene 0.125 0.025 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 
Acenaphthylene 0.275 0.055 M I S ,  2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 
Anthracene 0.1 1 0.022 M I S ,  2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 
Benzo(a)anthracene 0.0202 0.00404 RAIS, 2002 McKone, 1994, for wet weight 8AF, 80% moisture assumed 
BenzoI b)fluoranthene 0.0101 0.00202 MIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 
Benzo(a) pyrene 0.01 1 0.0022 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 
Benzo(g,h, 1)perylene 0.0055 0,0011 MIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 
Benzo(k)fluoranthene 0.0101 0.00202 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 
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Table 3-1 I 
Sediment-to- Aquatic Plant Bioaccumulation Factors 

Mud Pit Release Sites 
Arnchitka Island, Alaska 

I Chemical B AF BAF Source Primary Reference 
(kglkgdry) (kgikgwet) 

. :-+-:::&: . . .. .,,(.I 

. . 
F . .  . ' ... .P.. " k,, A,..: anic: n-$* ,&>$ .;;,..*.i . .  - x i :  .; :' ,;".. .. . . ': , 2 , 7.. - ,+, 4 

Chrysene 0.0187 0.00374 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 
Dibenz(a, h)anthracene 0.0064 0.00128 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 
Fluoranthene 0.055 0.011 RAIS3 2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 
Fluorene 0.11 0.022 RAISl 2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 
Ideno(l,2,3-cd)pyrene 0.0039 0.00078 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 
Na pthalene 0.47 0.094 M I S ,  2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 
P henanthrene 0.085 0.017 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumeda 

I Pyrene 0 moisture 
E%yc hl Biph *>s -%&+ 

r -am 

PCB 1248 0.01 7 0.0033 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 
I~roc lor  1254 0.01 7 0.0033 Aroclor 1260 used as a surrogate I 

I n-propylbenz&e NO DATA 
Xylenes (Total) 0.470 0.094 RAIS, 2002 McKone, 1994, for wet weight BAF, 80% moisture assumed 

a Used soil value. 
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Table 3-12 
Surface Water-to- Aquatic Plant Bioaccumulation Factors 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical BAF B AF Source Primary Reference 
(kglkgdry) (kgfkgwet) 

2428.57 833 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 
Aluminum assumed to convert to wet weight. 
Arsenic 854.23 293 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 

assumed to convert to wet weight. 
Barium 758.02 260 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 

assumed to convert to wet weight. 
Boron 
Cadmium 2279.88 782 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 

assumed to convert to wet weight. 
Chromium 12845.48 4406 USEPA, 1999b, for dry weight BAF. 65.7% mo~sture in plant 

assumed to convert to wet weight. 
COPPER 1577.26 54 1 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 

assumed to convert to wet weight. 
IRON 
NICKEL 177.84 61 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 

assumed to convert to wet weight. 
TITANIUM 
ZINC 6341 .I 1 2?75 USEPA, 1999b, for dry weight BAF. 65.7% rnorsture in plant 

assumed to convert to wet weight. 

-- 
E@iV,ola@ e + ~  r G*;- -=%3 

.p̂1$&-";-. -* --&gg 
L-k:--*&y+- A- >;3 Zxi -. r- 

Acenapthene surrogate 
Acenaphthylene ? 5329.45 5258 Benzo(a)pyrene used as surrogate 
Anthracene 15329.45 5258 Benzo(a)pyrene used as surrogate 

15329.45 5258 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 
Benzo(a)anthracene assumed to convert to wet weight. 

15329.45 5258 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 
Benzo(b)fluoranthene assumed to convert to wet weight. 
Benzo(a)pyrene 15329.45 5258 USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 

assumed to convert to wet weight. 
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Table 3-12 
Surface Water-to- Aquatic Plant Bioaccumulation Factors 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical 8 AF B AF Source Primary Reference 
(kglkg dry) (kgJkg wet) 

I~enzo(g, h,l)perylene 15329.45 5258 Benzo(a)pyrene used as surrogate 
Benzo(k)fluoranthene 

Chrysene 

Dibenz(a, h janthracene 

Fluoranthene 
Fluorene 
Ideno(l,2,3-cd)pyrene 

Napthalene 
Phenanthrene 

USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 
assumed to convert to wet weight. 
USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 
assumed to convert to wet weight. 
USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 
assumed to convert to wet weight. 
8enzoIa)pyrene used as surrogate 
Benzo(a)pyrene used as surrogate 
USEPA, 1999b, for dry weight BAF. 65.7% moisture in plant 
assumed to convert to wet weight. 
Benzo(a)pyrene used as surrogate 
Benzo(a)pyrene used as surrogate 

15329.45 5258 Benzo(a)pyrene used as surrogate 
&& - :j>? 

[PCB 1260 NO DATA . 
.>*W. .: .,.,>--?!'.- ,..*:.. .* . :;i;;, ." :&.:. ;.;&*?; , jj:iy.<; 

. ; . .  . .  ~ w .  -., -: 
... ~ --- .. -. , L... - % 

C l i .  . . . .&$@$ 
? ,2,4-Trimethylbenzene NO DATA 
n-propyl benzene NO DATA 
Xylenes (Total) NO DATA 

a Used soil vaiue. 
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Table 3-1 3 
Aquatic Plant Exposure Point Concentrations 

Mud Pit Release Sites 
Amchitka Island, Alaska 
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Chemical 

ROCLOR 1248 

T,,,,,,, 
(Ukg wet) 

T,,,,, 
(kglkg 
wet) 

Aquatlc Plant EPCs 

Falts 
Creek 

(mgkg) 

Drill Site 
D Lake 

(mgJkg) 

Drill S~te E 
Stream 

(mgkg) 

Limpet 
Creek 

(mglkg) 

Br~dge 
Creek 

(mgkg) 

Reed 
Pond 

(mglkg) 

Long Shot 
Pond 

(mglkg) 

Cloudberry 
Creek 

(mgJkg) 

Rainbow 
Creek 

(mg/kg) 

Heart 
Lake 

(mglkg) 

Clevenger 
Creek 

(mglkg) 

Cannik~n 
Lake 

(mglkg) 

White 
Al~ce 
Creek 

Imglkg) 



Table 3-1 4 
Estimated Daily Dose to Bald Eagle 

Mud Pit Release Sites 
Amchitka Island, Alaska 

1 Maximum detected concentration in Lakes and Ponds used as exposure point concentration 
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Chemical 

,, 4 I1 111 I I1 1 I Ill 14l I1 *# ,v < 1: .' i ~iprgbni~  hha/fidS lbl l / I&d~\~~il  +lgs 
Aluminum 
Arsenic 

Daily Dose 
Fish 

(mglkg-day) 

' @'''{\ 
1.4E-02 

Exposure Point Concentrations 
Sediment 

(mglkg) 

{:! ' / ~ ~ ~ j ~ # d r f ~ ~  
77500 
BKG 

Fish 

(mglkg) 

kn 1 ~?!$IJ 
BKG 
0.564 

Total 

(mglkg-day) 

jj~b~~\~/~~[~[/ll\~l~\{~~j~~ 

4.4E+00 
1.4E-02 

Surface 
Water 

(mglkg-day) 

~~~~Il[~@&&~~,~j' ' 1 ~  

7.4E-03 
3.OE-04 

Surface 
Water 
(mg1L) 

#Ili 1 ,It 

0.186 
0.00753 

Sediment 

(mglkg-day) 

'i!#jlIili# #lh~l l i  ~ g + ~ ~  

4.4E+00 



Table 3-1 5 
Estimated Daily Dose to Green-winged Teal - Site D Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical 
Water Invertebrates 

1 ~ & ~ 3 6 r ~ ~ ~ i f i # $ $ ; ! ~ : ~ l ,  ), t < ; 
Alum~num 2 4 f  *00 
Arsen~c ND 
Barium 1545 ND 

ENZO[A]ANTHRACENE 
ENZO[B]FLUORANTHENE 

ENZO[G.H.I]PERYLENE 
ENZO[KJFLUORANTHENE 

APHTHALENE 

' Maximum detected concentration used as exposure point concentration 
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Table 3-1 6 
Estimated Daily Dose to Green-winged Teal - Reed Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

' Maximum detected concentration used as exposure point concentration 
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Table 3-1 7 
Estimated Daily Dose to Green-winged Teal - Long Shot Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

' Maximum detected concentration used as exposure point concentration 
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Table 3-1 8 
Estimated Daily Dose to Green-winged Teal - Heart Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Maximum detected concentration used as exposure point concentration 
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Table 3-1 9 
Estimated Daily Dose to Green-winged Teal 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Cannikin Lake 

Exposure Po~nt Concentrations Dally Dose 
Chemical Aquat~c Surface Benthic Sediment ' Aquatic Surface Benth~c I Sed~ment Total 

Plants Water ' Invertebrates Plants Water Invertebrates 

Arsen~c 2 20629 0 00753 
Bar~um ND BKG 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 

DlBENZ[A,H]ANTHRACENE 

Maximum detected concentration used as exposure point concentration 
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Table 3-20 
Estimated Daily Dose to Aleutian Canada Goose - Site D Pond 

Mud Pit Release Sites 
Achitka Island, Alaska 

1 Maximum detected concentration used as exposure point concentration 

b 

Chemical 

i I 

Aluminum 
Arsenic 
Barium 
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Exposure 
Aquatic 
Plants 

(mg/kg) 

I l l , , , , ,  

154.938 

Point 

Surface 
Water 
(mg/L) 

11'11,,1,1 
0.186 
ND 

Aquatic 
Plants 

(mglkg-day) 

I 1 , '  . 1 

, , I ; 1 4  
5.2€+00 

I 
15.45 

Boron 
Cadmium 
Chromium 50.669 
Copper 7.864 
Iron 
Nickel 0.11712 
Titanium 
Zinc 

Dose 
Sediment 

(mglkg-day) 

1 ! 

Concentrations 
Sediment 

(mglkg) 

! !  

BKG 
BKG 

ND 
ND 
ND 

0.01 15 
BKG 
ND 

0.00192 
0.00883 

ND 

j ~ ~ j ~ # ; ' ~ ~ ~ f ~ ~ t ~ ~ ~  
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
NO 

f # # # ~ ~ ~ ~ ~ ~  
ND 
ND 
ND 

ll~~~j~@@~$lJ; 
ND 
ND 
ND 

Daily 
Surface 
Water 

(mglkg-day) 

# 
4.3E-03 

5.2E-01 

1.7E+00 
2.7E-01 

4.OE-03 

j~[l ! l l l ] ]~i[~i j~~~$~ 

1.6E-05 

3.2E-05 

1.2E-04 
1.3E-05 

#(1@9/\ j j ~ ~ ~ / [ ~ ~ ~ ~  

1 .I E-06 

~ l / ~ ~ @ t , ~ ) ' ~ l t  p!k##l) 

4 "1" vi , , w i " t 8 1  I ,  , nr 1'" r 'sl 

$ l & i , & ~ ~ ~ l ~ & / ~ ~ ~ ~ ~ ~ @ [ ~ @ ~ ~ ~ $  
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Bento(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[K]FLUOWNTHENE 
CHRYSENE 
DlBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
IDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 
Pyrene 

# & ~ ~ ~ $ [ @ ~ ~ # [ ~ ~ & f i ~ ~ ~ ~ f s  l l / l b l  

AROCLOR 1248 
Aroclor 1254 
AROCLOR 1260 
" ~ * " l r  I U I  11 1 "  4 ~ ~ ~ ~ ~ ~ # ~ @ ~ # ~ f i ~ & ~ ~ ~ l l ~ ~ ~ ~ ~ [ ~ ! ~ \ ~ ~ l ! ~ ~ ~ ~ ( t ~  
1,2,4-TRIMETHYLBENZENE 
n-Propyl benzene 
Xylenes (Total) 

Total 

tmg/kg-da~) 

g$$,+&<g#$hfij, 
5.2E+00 

9.3E-01 

1.3E+00 
I BE-01 

3.5E+00 

~ ~ { ~ ~ ; ' ~ l ~ ~ i $ ~ ~ .  

3.9E-05 

7.8E-05 

3.7E-04 
6.5E-05 

~jl$\!jN#[jl/F#@ 

I .OE-04 

~ ~ ~ l a , f ~ ~ # ~ ~ ~ ~ ~ ~ ~ ~ ~ t  

51 5 
ND 
ND 
695 
98.3 
BKG 
BKG 
1950 
BKG 

il$#~$~~~~~hjI~lI/l 7!, 

ND 
ND 

0.0216 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.0432 
ND 
N A 

0.207 
0.036 

~@l j#~~Q~&i i~#l ;  
ND 
ND 

0.056 
" " " g ; l#\l~lh~~ b:j ;!(pt: 

ND 
ND 
ND 

2.7E-04 

4.5E-05 
2.OE-04 

i4~?jl~]~~~~~@3{j,, 

~ & $ ! l ~ ~ i l , \ { / / ~ ~ ~ ~ ~ ~ $ $  

~l,~i&;fif$/l[ll~ 

f l ~ ~ ~ ~ i  I; 2$ 

0.000475 

0.00095 

0.003519 
0.000396 

'~fj!~/l~\~/ll![~~f${j 

3.3E-05 
;:t x+!y~t$$G~ 

?.5E+00 

3.OE+00 
4.4E-01 

4.OE-03 
3.5E+00 

~ ~ ~ # ! ~ ~ ~ j ~ ~ #  

5.5E-05 

I .I E-04 

4.9E-04 
7.8E-05 

~@l11Ijyf~# j,$b 

1 .OE-04 
# & ) , r ~ ! ~ $ ~ ~ ~ ~ l ~ j ; ~  

- 



Table 3-21 
Estimated Daily Dose to Aleutian Canada Goose - Reed Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Page 1 of 1 June 2003 

* 

1 

Chemical 

~ f i ~ ~ ~ ~ ~ ~ & ~ ~ ~ ~ ~ &  $bl; 2 1; lIl 
Aluminum 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel 
Titanium 
Zinc 

$#~[#~~~ij&~fl&$fl[&~ 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[K]FLUORANTHENE 
CHRYSENE 
DlBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
IDEN0(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 
Pyrene 

~#fiJ#g@g#:~[fi~~igf$;* 
AROCLOR 1248 
Aroclor 1254 
AROCLOR 1260 
~ + ~ ~ ! ~ ~ ~ & ~ ~ ~ @ ~ ~ ~ ~ ~ ~ l P j ~ ~ l ~ l / ~ l  ~ / I~#~\I  
I ,2,4-TRIMETHYLBENZENE 
n-Propyl benzene 
Xylenes (Total) 

Maximum detected concentration used as exposure point concentration 

* 
Final Amchitka HHERA 

Total 

(mglkg-day) 

,, itl /,jl~lpfl~~~lfj{~ 

4.7E-01 

$ ~ & i 4 & ~ @ ~ # ~ ~ # ,  

fa I 

##@mglBl 

Exposure Point Concentrations 

Aquatic 
Plants 

(mglkg-day) 

3-1, ya;l'l ,;:lt\lj~l\\l~j, 

4.7E-01 

&#@//l&jjbjjb 

#h\4!L 

B#g$jtdhH#d 

Aquatic 
Plants 

(mglkg) 

* 9 j l l ; k 1 ] j \ j / j b 4 1 \ 1 i j i  

13.78 

Daily 
Surface 

Water 
(mglkg-day) 

{i'! 

I .2E-03 

&$kg, #@&$[#I[ 

~ ~ $ " ~ # g ~ ~ ; ; \  ;,i#/f@ 

' ' 1  ' !ljjl ~ ] j ~ ~ / ~ l ~ j ! ~  I/#{\ , 

Surface 
Water ' 
(mglL) 

~ ~ ~ ~ ~ n ~ I ~ ~ ~ I ! ~ ~ ~ ' ~ ~ f l ~ ~  
BKG 
ND 

0.053 
ND 
ND 

Dose 
Sediment 

(mglkg-day) 

ijh;4$$~~j3$&4tj 

j # ~ ~ ~ ~ / ~ i ; ~ i ~ ~ ~ ~ j ~ ~ ~ ~ ~ ; , ~  jM 

{~~ f$ ;~ l~ / j~~~ l~ i !~#~~~\~  

iJi$pU e < f  Lh !;:$ L ; :$ 

Sediment ' 

(mglkg) 

Qi#$c *$;,:j& 
BKG 
BKG 
BKG 
ND 
ND 

BKG BKG 

e##fl@$3dg#& 

,A:/jiwfil\ if 

1[f/j\\I~\l[i~\lt~!411 

BKG 
BKG 
ND 

BKG 
ND 

j$d,jFj#@ifl 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

M/W&), 
ND 
ND 
ND 

2 ~ @ ~ ~ ~ l ~ / N ~ ~ l l  
ND 
ND 
ND 

BKG 
BKG 
BKG 
BKG 
ND 

#~ l~ j i~ / !~ j j / !~~~~ / l  
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

~j ;~j~u!;yf l~,  
ND 
ND 
ND 

@ ~$![~~/;#~~~# 
ND 
ND 
ND 



Table 3-22 
Estimated Daily Dose to Aleutian Canada Goose - Long Shot Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

1 Maximum detected concentration used as exposure point concentration 

Final Arnchitka HHERA Page I of I June 2003 

w 

Chemical 

~ f i ~ f ~ $ f i ~ ~ ~ ~ # & # ~ ~ ! ~ l ~ # j l ~ ~ # #  
Aluminum 
Arsenic 

Daily Dose - Exposure Point Concentrations 
Total 

(mglkg-day) 

~ ~ b ~ ~ l t ~ ~ ~ ~ ~  i, 

Sediment 

(mglkg-day) 

g$ i ;~ ! f ~~ t i ~~ j~ l \ l J~  

Aquatic 
Plants 

(mglkg-day) 

4q$J&\$l;iflRl/l; 

Sediment 

(mglkg) 

11 Y: ~ l i \ l l ~ ~ ~ ~ & ~ 7 : ; $  
N A 
N A 

Aquatic 
Plants 

(mglkg) 

~~j~~!~~j~~p,:~~~2p~, 

Surface 
Water 

(mglkg-day) 

~ ~ [ / ~ ~ ~ ~ ~ ,  

Surface 
Water 
(mglL) 

~!!p:j;l~,ljlj~/~~l~~ 
N A 
N A 



Table 3-23 * Estimated Daily Dose to Aleutian Canada Goose - Heart Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Maximum detected concentration used as exposure point concentration 

Chemical 

f ~ ~ ~ # # f ~ ~ ~ $ ~ ~ $ ~  jb2 ,~:~'~~~~~jl 
Aluminum 
Arsenic 
Barium 

Final Amchitka HHERA Page 1 of 1 June 2003 

Exposure Point Concentrations 
Aquatic 
Plants 

(mglkg) 

l~iI\~/~~!\jJ\~[~[~/~l~il 
62 

Daily Dose 

Aquatic 
Plants 

(mglkg-day) 

i , j j { ~ ~ i ~ ~ ~ ~ # ~ l i j l l  
2.1 E+00 

Surface 
Water 
(mglL) 

~ / ! ~ ~ ~ ~ i ~ ~ I ~ / ~ ~ ~ ~ ~ [ \ ] ~ \ / ~ ~ \ l  
BKG 
ND 
ND 

Surface 
Water 

(mglkg-day) 

I~J~<{~~$$$;@A 

Sediment ' 

(mglkg) 

'~~/~~i,jl'j~@&$fillb ! 
77500 

ND 
BKG 

Sediment 

(mglkg-day) 

~ j ~ ~ / f ~ ~ ~ ~ ~ ~ ~ k ; , !  
1.4€+02 

Total 

(mglkg-day) 

I 3 ldk;$Bijii 
1.4E+02 



Table 3-24 
Estimated Daily Dose to Aleutian Canada Goose - Cannikin Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

1 Maximum detected concentration used as exposure point concentration 
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Table 3-25 
Wildife Toxicity Reference Values - NOAELs 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Test Target 
Test Test Result Uncertainty Species Target Species 

COEC Species Endpoint Value Reference Factor NOAEL Species NO AEL 
(mglkglday) I m g W d a y )  (meMtIdau) 

Semi-Volatile Organics 
Acenaphthene - - Dala for anmracene, benzo(g.h,l)perylene. 0.015 Green-Winged Teal 0.015 

fluoranthene. fluorsne, phenanthrme, and pyrene Aleutran Canada Goose 0.015 
used as a surrogate American Bald Eagle 0.015 

Acenapthylene - Data for antfiracene, benzo(g,h,l)perylene. 0.015 Green-Winged Teal 0.015 
fluoranthane. fluorene, phenanthrene, and pyrene Aleutian Canada Goose 0.015 

used as a surrogate American Bald Eagle 0.015 
Anthracene Chicken Embryo Acute NOAEL 0.3 ( 8 ~ n s t m m  et aalt991) 20 0.015 Green-Winged Teal 0.015 

Aleulian Canada Goose 0.015 
American Bald Eagle 0.015 

Benzo(a)an!hracene Chicken Emblyo acute LO50 0.079 (hnstrom et al., 1991) 250 0.00032 Green-Winged Teal 0.00032 
Aleutian Canada Goose 0.00032 

Ametican Bald Eagle 0.00032 
6enzNa)pyrene Chicken Embryo Acute NOAEL 0.10 (Brunstrom et al.. 1991) 20 0.0050 Green-Winged Teal 0.0050 

Aleutian Canada Goose 0.0050 
American Bald Eagle 0.0050 

Benzo{bjfluoranthene - Data for benzo(k)fluoranthene used 0.000056 Green-Winged Teal 0.000056 
Aleutian Canada Goose 0.000056 

American Bald Eagle 0.000056 
Benz@g,h.i)perylene Chicken Embryo Acute NOAEL 0.3 ( N n s t m  etal., 1991) 20 0.015 Grm-Winged Teai 0.015 

Aleutian Canada Goose 0.015 
American Bald Eagle 0.015 

knz@k)lluwanthene Chicken Embryo Aarte LD50 0.014 (B~nstmm et a!., 1991) 250 0.000056 Green-Wlnged Teal 0.000056 
Aleutian Canada Goose 0.000056 

Amerlcan Bald Eagle 0.000056 
Chrysene Chicken Embryo Acute LOAEL 0.10 (8runstmm et al.. 1991) 100 0.0010 Green-Winged Teal 0,0010 

ALeutian Canada Goose 0.0010 
American Bald Eagle 0.0010 

Drbenzo(a,h)anlhracene Chrcken Embryo Acute LD50 0.039 (8runstrom el  al., 1991) 250 0.00016 Green-Winged Teal 0.0001 6 
Aleutian Canada Gwse 0.0001 6 

American Bald Eagle 0.0001 6 
Fluoranrhene Chicken Embryo Acute NOAEL 0.3 (Wunstrom et al.. 1991) 20 0.015 Green-Winged Teal 0.015 

Aleutian Canada Goose 0.015 
American Bald Eagle 0.015 

Fluorene Chicken Embryo Acute NOAEL 0.3 (Brunsbom et al., 1991 1 20 0.015 Green-Winged Teal 0.015 
Aleutian Canada Goose 0.015 

American Bald Eagle 0.015 
Indeno(l.2,3-c,d)pyrene Chicken Embryo Acute LOAEL 0 , l  (BrvnsIrom et al., 1991 ) 100 0,0010 Green-Winged Teal 0.0010 

Aleutian Canada Goose 0.0010 
American Bald Eagle 0.001 0 

Naphthalene - - Data for anhracene, benzo(g.h.l)perylene, 0.015 Green-Winged Teal 0.0t5 
fluoranthene, fluorene, phenanthrene, and pyrene Aleutian Canada Goose 0.015 

used as a surrogate American Bald Eagle 0.015 
Phenanlhrene Chicken Embryo Acute NOAEF 0.3 ( B ~ n s t m m  et al., $991) 20 0.015 Green-Winged Teal 0.015 

Aleutian Canada Goose 0.015 
American Bald Eagle 0.015 

Pyrene Chicken Embryo Acute NOAEL 0.3 (B~nstmm et al.. 1991) 20 0.015 Green-Winged Teal 0.015 
Aleutian Canada Goose 0.015 

American Bald Eagle 0.015 
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Table 3-25 
Wiidife Toxicity Reference Values - NOAELs 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Test Target 
Test Test Resufi Uncertainty Species Target Species 

COEC Specks Endpoint Value Reference Factor NOAEL Species NO AEL 
(mglkglda~) {mg/kg/dayJ (mglkgldayl 

Polychlorinated Biphenyls 
Aroclor-1254 Ring-necked Pheasant chronic COAEL 1.8 (Dahlgren et al.. 1972) 5 0.36 Green-Winged Teal 0.36 

Aleutian Canada Goose 0.36 
American Bald Eagle 0.36 

Amdw- 1260 Ring-necked Pheasant chronic LOAEL 1 .8 (Dahlgren et al.. 1972) 5 0.36 Green-Winged Teal 0.36 
Aleutian Canada Gowe 0.36 

American Bald Eagle 0.36 
Total PCBs Ring-necked Fheasant chronic LOAEL 1 .8 (Dahlgren el  al., 1972) 5 0.36 Green-Winged Teal 0.36 

Aleutian Canada Goose 0.36 
American Bald Eagle 0.36 

Metals 
Aluminum Ringed Dove chronic NOAEL - reproduction 109.7 (Sample et al., 1996) 1 109.7 Green-Winged Teal 109.7 

Aleutian Canada Goose 109.7 
American Bald Eagle 109.7 

Arsenrc &ownheaded Cowbird chronic NOAEL-mortality 2.46 (Sample et al., 1996) 1 2.46 Green-Winged Teal 2.5 
Aleutian Canada Goose 2.5 

American Bald Eagle 2.5 
Barium Chicks Subchrmic NOAEL - mortality 208 (Sample et al., 1996) 5 41.6 Green-Winged Teal 41.6 

Aleutian Canada Goose 41.6 
American Bald Eagle 41.6 

Boron Mallard Duck Chmnic NOAEF - Reproduction 28.8 (Sample et al.. 1996) 1 28.8 Green-Winged Teal 28.8 
Meutian Canada Goose 28.8 

American Bald Eagle 28.8 
Cadmium Mallard Duck Chronic NOAEL - Reproduction 1.45 (Sample et al., 1996) 1 1.45 Green-Winged Tea 1.45 

Aleutian Canada Goose 1.45 
American Bald Eagle 1.45 

Chromium (trivalent) Black Duck chronic NOAEC 1 (Sample et al.. 1996) 1 1 .O Green-Winged Teal 1 .O 
Aleutian Canada Goose 1 .O 

American Bald Eagle 1.0 

copper Chicken chronic ~ ~ ~ ~ ~ - g r o w t h . m w t a ~ i t y  47 (Sample et ak., 1996) 1 47 Green-Winged Teal 47.0 
Aleutian Canada Goose 47.0 

American Bald Eagle 47.0 

Iron NO DATA 

Nickel Mallard Duck Chronic NOAEL - morllaity, gcovdh, behavior 77.4 (Sample et at.. 1996) 1 77.4 Green-Winged Teal 77.4 
Aleulian Canada Goose 77.4 

American Bald Eagle 77.4 
Titanium NO DATA 

L n c  While Leghorn Chronic NOAEL - reproduction 14.49 (Sam~le et al., 1996) 1 14.49 Green-Winged Teal 14.5 
Aleutian Canada Goose 14.5 

American Bald Eagle 14.5 



Table 3-25 
Wildife Toxicity Reference Values - NOAELs 

Mud Pit Release Sites 
Arnchitka Island, Alaska 

Test Target 
Test Test Result Uncertainty Species Target Species 

COEC Species Endpoint Value Reference Factor N O E L  Species NOAEL 
(mg/kg/da~J (mgkglday) ImglkgldayJ 

Volatile Organic Compounds 
1.24-Trimethylbenzene NO DATA 

n-Propyl benzene NO DATA 

Xylene Japanese Quail NOAEL - mortality 3600 20 180 Green-Winged Teal 180 
Aleutian Canada Goose 180 

American Bald Eagle 180 

Brunstrom. 6.. D. Bmman, and C. Naf, 1991, "Toxicily and EROD-inducing potency of 24 polycydic hydmcarbms [PAHs) in Chick Embryos.' Archives of Toxicology. Vol. 65. pp. 485-489. 
Dahlgren. R.B.. R.L. Linder, and C.W. Carism, 1972. "Polychlorinated biphenfls: their effects on penned pheasants,' Environmental Health Perspectives, Vol. 1, pp. 89-101. 
Sample. B.E., Opresko. D.M., and G.W. Suter. 1996, Toxicolgoical Benchmarks for Wildlife: 1996 Revision. Oak Ridge National Laboratory. Oak Ridge, Tennessee. 
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Table 3-26 
Wildife Toxicity Reference Values - LOAELs 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Final Amchitke HHEW Page 1 of 3 June 2003 

- 

Test Target 
Test Test Result Uncertainty Species Target Specles 

COEC Specles Endpoint Value Reference Factor NO AEL Species NOAEL 
(mgkglday) (mglkglday) I w l k g l d a ~  l 

Semi-volatile Organlcs 
Acenaphthene Data for anlhracene, benzo(g,h,l)perylene, 0.075 Green-Winged Teal 0.075 

fluoranthene. fluorene, phenanthrene, and pyrene Aleutian Canada G w e  0.075 
used as a surrogate American Bald Eagle 0.075 

Acenapthy4ene - Dala fw anthracene, benzo(g.h,l)pwlene, 0.075 Green-Winged Teal 0.075 
fluoranthene. fluorene, phenanthrene, and pyrene Aleuljan Canada Goose 0.075 

used as a surrogale American Bald Eagle 0.075 
Anthracene Chicken Embryo Acute NOAEL 0.3 ( 6~ns tmm et al.. 1991) 5 0.06 Green-Winged Teal 0.06 

Aleutian Canada Goose 0.06 
American Bald Eagle 0.06 

Benzo(a)anthracene Chicken Embryo acute LD50 0.079 (BlunstrOm et al.. 1991) 50 0.00158 Green-W~nged Teal 0.00158 
Aleuban Canada Gwse 0.00158 

American Bald Eagle 0.00158 
Benzo(a)pyrene Chicken Embryo Acute NOAEL 0.10 (Bmnstmm et al., 199t) 4 0.025C Green-Winged Teal 0.0250 

Aleutian Canada Goose 0.0250 
American Bald Eagle 0.0250 

Benzo(b)fluoranthene - - Data for benzo(k)fluoranthene used 0.00028 Green-Winged Teal 0.00028 
Aleulian Canada G m e  0.00028 

Amencan Bald Eagle 0,00028 
Benzo(g,h.i)perylene Chicken Embryo Acute N O E L  0.3 (B~nstmm et al., 1991) 4 0.075 Green-Winged Teal 0.075 

Aleutian Canada Goose 0.075 
American Bald Eagle 0.075 

Benzo(k)fluoranthene Chicken Embryo Acute a 5 0  0.014 (Brunstmm el al., 1991 ) 50 0.00028 Green-Winged Teal 0.000280 
Aleutian Canada Goose 0.000280 

Amencan Bald Eagle 0.000280 
Chrysene Chicken Embryo Acute L O E L  0.10 (Brunstrom et al., 1991) 20 0.0050 Green-Winged Teal 0.0050 

Aleutian Canada Goose 0.0050 
American Bald Eagle 0.0050 

Dibenzo(a.h)anthracene Chicken Embryo Acute LD50 0.039 (Brunstmm el al., 1991) 50 0.00078 Green-Winged Teal 0.00078 
Aleutian Canada Goose 0.00078 

American Bald Eagle 0.00078 
FluoranVlene Ch~cken Embryo Acute NOAEC 0.3 (8runstrom et al., 1991) 4 0.075 Green-Winged Teal 0.075 

Aleutian Canada Goose 0.075 
American Bald Eagle 0.075 

Flurene Chacken Embryo Acute NOAEL 0.3 (Brunstrom et al., 1991) 4 0.075 Green-Winged Teal 0.075 
Aleutian Canada Goose 0.075 

American Bald Eagle 0.075 
Indeno(1 ,Z,%c,d)pyrene Chicken Embryo Awte LOAEL 0.1 (Brunstrom et al., t991) 20 0.0050 Green-Winged Teal 0.0050 

Aleutian Canada Goose 0.0050 
American Bald Eagle 0.0050 

Naphthalene - - Data for anthracene. benzo(g.h.l)perylene. 0.075 Green-Winged Teal 0.075 
fluoranthene, fluorene, phenanthrene, and pyrene Aleutian Canada Goose 0.075 

used as a surrogate American Bald Eagle 0.075 
Phenanthrene Chicken Embryo Awte N O E L  0.3 (B~nstrom et al., 1991 ) 4 0.075 Green-Winged Teal 0.075 

Aleutian Canada Gwse 0.075 
American Bald Eagle 0.075 

brene Chicken Embryo Acute NOAEL 0.3 (Brunstmm el al., 1991 ) 4 0.075 Green-Winged Teal 0.075 
Aleutian Canada Gwse 0.075 

American Bald Eagle 0.075 



Tab te 3-26 
Wildife Toxicity Reference Values - LOAELs 

Mud Pit ReIease Sites 
Amchitka Island, Alaska 

Test Target 
Test Result Uncertainty Species Target Species Test 

Endpoint Value Reference Factor N O E L  Species NO AEL COEC Species 
(mglkgfday) WwkgldayJ Imgkglday) 

Polychlorinated Biphenyls 
chronic LOAEL 1.8 (Dahlgren et al.. 1972) 1 I .a Green-Winged Teal 1.80 Aroclor-I254 Ring-necked Pheasant Aleutian Canada Goose 1.80 

American Bald Eagle 1 .a0 
chronic LOAEL 1.8 (Dahlgren et al., 1972) 1 1.8 Green-Winged Teal 1 .80 Arodor-1260 Bng-necked Pheasant Aleutian Canada Goose 1.80 

American Bald Eagle 1.80 
chronic LOAEt 1 .a (Dahtgren et al.. 1972) 1 1.8 Green-Winged Teal 1.80 Total PCBs Ring-necked Pheasant Aleutian Canada Goose 1.80 

American Bald Eagle 1.80 

Metals 

I Alum~num NO DATA I 
chronic LOAEL-mortality 7.38 (Sample et al., 1996) 1 7.38 Green-Winged Teal 7.4 Afsenic Brownheaded Cowbird Aleutian Canada Goose 7.4 

American Bald Eagle 7.4 
Subchronic LOAEL - mortality 416.5 (Sample et al., 1996) 5 83.3 Green-Winged Teal 83.3 Barium Chicks Aieutian Canada Goose 83.3 

Ametican Bald Eagle 83.3 
Chronic LOAEL - Reproduction 1 00 (Sample et al., 1996) I 100 Green-Winged Teal 1 W.0 Boron Mallard Duck Aleutian Canada Goose 

100.0 
American Bald Eaqle 100.0 

Chronic LOAEL - Repmduction 20 (Sample et al., 1996) 1 20 Green-Wlnged Teal 20.0 Cadmium Maltard Duck Aleutian Canada Goose 20.0 

American Bald Eagle 20.0 
Chronic LOAEL 1 (Sample et al.. 1996) 1 5.0 Green-Winged Teal 5.0 Chromium (tnvalentl Black Duck Aleutian Canada Goose 5.0 

American Bald Eagle 5.0 
chronic LOAEL-growth,morlality 62 (Sample et al., 1996) 1 62 Green-Winged Teal 62.0 Copper Chicken Aleutian Canada Goose 62.0 

American Bald Eagle 62.0 

Imn NO DATA 

Chronic LOAEL - mortlaity. gmwlh, behavior 107 (Sample et al., 1996) 1 107 Green-Wingd Teal 107.0 Nickel Mallard Duck Aleutian Canada Goose 107.0 

American Bald Eagle 107.0 

T~tanium NO DATA 

White Leghorn Chronic LOAEL - reproduction 130.9 (Sample et al., 1996) 1 130.9 Green-Winged Teal 131 Zinc Aleutian Canada Goose 131 

American Bald Eagle 131 
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Table 3-26 
Wildife Toxicity Reference Values - LOAEts 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Test Target 
Test Test Result Uncertainty Species Target Species 

COEC Specles Endpoint Value Reference Factor NOAEL Specles NO AEL 
{mg/kg/da~) Ima/kg/davl (mgfiglda~) 

Volatile Organic Compounds 
1,24-Trimethylbenzene NO DATA 

n-Propyi benzene NO DATA 

Xyiene Japanme Quait NOAEL - mortality 7200 20 360 Green-Winged Teal 360 
Aleutian Canada Goose 360 

American Bald Eagle 360 

Brunstrom, B., D. Bmman. and C. Naf, 1991, "Toxiciiy and EROD-inducing potency of 24 polycyctic hydrocarbons (PAHs) in Chick Embryos," Archives of Toxicology, Voi. 65, pp. 485-489. 
Dahigren, R.B.. R.L. Linder, and C.W. Carison, 1972. "Polychlorinated biphenyls: their effects on penned pheasants," Environmental Health Perspectives. Vot. 1, pp. 89-101. 
Sample. B.E.. Opresko. D.M., and G.W. Suter. 1996. Toxicoigoicai Benchmarks for Wildlife: 1996 Revisian, Oak Ridge National Laboratory, Oak Ridge. Tennessee. 
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I Chemical 

Aluminum 
Arsenic 
Barium 
Boron 
Cadmlum 
Chromium 
Copper 
iron 
Nickel 
Titanium 

ACENAPHTHYLENE 
ANTHRACENE 
BENZOWANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[KJFLUORANTHENE 
CHRYSENE 
DlSENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
lDENO(1,2,3*C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

I AROCLOR 1248 
AROCLOR 1254 

n-Propyl benzene 

Table 3-27 
Risk Characterization for Bald Eagle 

Mud Pit Release Sites 
Arnchitka Island, Alaska 

Exposure Point Concentrations 
Fish ' 1 Surface I Sediment ' 

BKG 
0.564 
BKG 
BKG 

0.0535 
BKG 
I .86 
BKG 
0.21 
5.48 

0.00753 
0.053 
0.468 

ND 
0.01 15 
BKG 
BKG 

0.00192 
0.00883 

BKG 
515 
15.6 
0.876 
695 
203 
BKG 
66.9 
2 950 

Daily Dose 
fish I Surface Sediment 1) Total 

(mgkg-day) (mgkg-day) (mgfkg-day) (mglkg-da) 
I w a t e r I  I1 

Maximum detected concentration in Lakes and Ponds used as exposure point concentration 

Final Amchitka HHERA Page Z of 1 

NOAEL 
Based 
TRV 

(mglkg-day 

2.5 
20.8 
28.8 
1.45 
2 .o 
47 

77.4 

14.5 
L";3 :*-+$gg 

0.015 
0.01 5 
0.01 5 

0.00032 
0.000056 

0.005 
0.01 5 

0.000056 
0.001 

0.0007 6 
0.015 
0.015 

0.0010 
0.015 
0.015 

0.36 
0.36 

6 
1 

35.7 
TOTAL 

NOAEL 
Based 
Hazard 

0.0055 
0.001 5 
0.00068 

0 0009200 
0.040 
0.001 2 

0.00012 

0.001 5 

0.00086 
0.019 

0.0053 
0.046 

0.001 3 
'Y> 

- 
,- -.a 

0.000025 

0.000002~ - 
0.1 7 

June 2003 



Table 3-28 
Risk Characterization for Green-winged Teal - Site D Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

t Exposure Point Concentrations 
Chemical Aquatic Surface Benthic Sediment ' Aquatic 

Plants Water ' Invertebrates Plants 
(mgkg) (mglL) (mgfkg) I m g W  (mgfkgday) 

0.186 
NO 
ND 
ND 
ND 

0.01 15 
BKG 
NO 

0.001 92 
0.00883 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[AjANTHRACENE 
BENZOIBIFLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,l]PERYLENE 
BENZO[K]FLUORANTHENE 
CHRYSENE 
DIBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
IDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

BKG 
463.5 51 5 

ND 
ND 

271.05 695 
29.49 98.3 

BKG 
BKG 
1950 

n-&opyl benzene I NO ND 
Xytenes (Totar) ND ND 

Maximum detected concentration used as exposure point concentration 

Daily Dose 
Surface I Benthic 1 Sediment 1) Total 
Water Ilnvertebrates, 

(mglkg-day) Imgfkg-day) (mglkgday) (mgfkg-day) R 

35.7 1 
TOTAL 16 
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Chemical I 
Aluminum 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel 
Titanium 
Zinc 

ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A)ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzqa)pyrene 
BENZO(G,H,I]PERYLENE 
BENZO[WFLUORANTHENE 
CHRYSENE 
DlBENZ[A,H]ANTHRACENE 
Fluoranthene 
f LUORENE 
IDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

Table 3-28 
Risk Characterization for Green-winged Teal - Site D Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

ND 
ND 
ND 
NO 

0.01 08 
BKG 
NO 

0.001 8 
0.0047 

.. $2 
BKG 
BKG 
366 
ND 
ND 
420 
72.4 
BKG 
BUG 
1293 

260 
GTc 
THY 

n-Prop$ benzene I ND ND 
Xylenes (Total) ND ND 

Average concentration used as exposure point concentration 

Aquabc 
Plants 

(mglkgday) 

1.7E-01 

7.4E-01 
9.OE-02 

1.7E-03 

3.1 E-06 

5.1 E-06 

1.6E-05 
2.5E-06 

&-@~2 

2.OE-07 
Ef Z*" gs 

Daily Dose 

360 I 
TOTAL 2.0 
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Table 3-29 
Risk Characterization for Green-winged Teal - Reed Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Maximum detected concentration used as exposure point concentration 



Table 3-30 
Risk Characterization for Green-winged Teal - Long Shot Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Maximum detected concentration used as exposure point concentration 
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Table 3-31 
Risk Characterization for Green-winged Teal - Heart Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

' Maximum detected concentration used as exposure point concentration 
I 
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Chemical Aquatic 
Plants 

(mgtkg) t- 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel 
Titanium 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[KlFLUORANTHENE 
CHRYSENE 
DlBENZIA,H]ANTHRACENE 
Auoranthene 
FLUORENE 
lDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

AROCLOR 1260 
..-% 

-9:. Ad.* @;-gg@j 
1,2 -4-TRIMETHYLBENZENE 
n-Propyl benzene 
Xgenes (Total) I 

Average concentration used as expos! 

Table 3-31 
Risk Characterization for Green-winged Teal - Heart Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

cposure Point Concentrations 
Surface 1 Benthic I Sediment ' 
Water ' tnvertebrates 
1 1 Imdk.1 1 IWk.I 

ND 
NO 
ND 
ND 
ND 

BKG 
BKG 

0,00157 
0.00803 

ND 
BKG 
ND 
N D 
14 
96 

BKG 
BKG 
BKG 

e point concentration 

Daily Dose LOAEL- LOAEL- 
Aquatic ] Surface I Benthic I Sediment 11 Total Based Based 
Plants / Water (lnvsrtebnte 

Imgkg-day) (mglkgday) (rnglkg-day) (mg/kgday) Imglkg-day) Img/kg-da~) I I TRv I 

I 1 360 
TOTAL 0.076 
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- - * 
Table 3-32 

Risk Characterization for Green-winged Teal - Cannikin Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Maximum detected concentration used as exposure point concentration 
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Chemical 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHWCENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO(KlFLU0RANTHENE 
CHRYSENE 
DIBENZ[A,H]ANTHRACENE 
Ftuoranthene 
FLUORENE 
IDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

n-Propyl benzene 

Table 3-32 
Risk Characterization for Green-winged Teat - Cannikin Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Exposure Point Concentrations 
Aquatic I Surface I Benthic 1 sedimentT 
Plants Water ' Invertebrates 

( m i l k g l  iWU / Wwlkgl 1 bl9ibl 

2.1096 0.0072 
ND 

0.445 
0.042006 NO 

0.2625 BKG 
11.36 BKG 

BKG 
0.21 952 0.00073 

BKG 

FY%F ;, 
44200 
BKG 
BKG 
11 

0.577 
175 
1 42 
BKG 
34.3 
BKG 

Average concentration used as exposure point concentration 

Daily Dose 
Aquatic I Surface ] Benthic I Sediment 11 Total 
Plants I Water /tnverIebrates, /I 

(rngikg-day) (mglkgday) (mglkg-day) (rnglkg-day) (rnglkg-day) 
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Table 3-33 
Risk Characterization for Aleutian Canada Goose - Site D Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical 

I I Plants 

! Point Concentrations Daily Dose NOAEL 
Surface Sediment ' Aquatic Surface Sediment Total Based 
Water ' Plants Water TRV 
(mglL) Imglkg) (mglkg-day) (mglkg-day) (mglkg-day) (mglkg-day) (mglkg-da) 

ND 
ND 
ND 
ND 

0.01 15 
BKG 
ND 

0.001 92 
0.00883 

BKG 
515 5.2E-01 
NO 
ND 
695 1.7E+00 
98.3 2.7E-01 
BKG 
BKG 4.OE-03 
1950 

- 
NOAEL 
Based 
Hazard 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
8ENZOMFtUORANTHENE 
CHRYSENE 
DlBENZ[A,HJANTHRACENE 
Fluoranthene 
FLUORENE 
IDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

n-Propyl benzene I ND ND 
Xylenes (Total) ND ND 

Maximum detected concentration used as exposure point concentration 

0.01 5 
0.01 5 

0.00032 
0.000056 

0.005 
0.01 5 

0.000056 
0.001 

0.00016 
0.01 5 
0.07 5 
0.001 0 
0.015 
0.015 
0.015 

-k 

0.36 

*- 72" 

35.7 
TOTAL 
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Table 3-33 
Risk Characterization for Aleutian Canada Goose - Site D Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical 

Aluminum 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel 
Titanium 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[K]FLUORANTHENE 
CHRYSENE 
DlBENZ(A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
IDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

nPropyi benzene 

Average concentration used 

Exposure Point Concentrations 

ND 
10.98 ND 

ND 
ND 

47.5848 0.0108 
5.792 BKG 

ND 
0.1 098 0.001 8 

0.0047 

. d d  --" 
BKG 
BKG 
366 
ND 
ND 
420 
72.4 
BKG 
BKG 
1293 
BKG 

L -3fE-- 
ND 
ND 

0.009 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.015 
ND 
N A 

0.061 

as exposure point concentration 

Daily Dose 

Plants Water 

Final Amchitka HHERA Page 2 of 2 
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Table 3-34 
Risk Characterization for Aleutian Canada Goose - Reed Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical I 
Exposure Point Concentrations Daily Dose 
Aquatic Surface Sediment ' Aquatic Surface Sediment Total 
Plants Water Plants Water 

(mglkg) (mglt) Imglkg) Imglkg-day) Imglkg-day) (mgfkgday) (mgfkgday: 

Alumi BKG 109.7 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
lron 
Nickel 
Titanium 

ACENAPHTHYLENE 
ANTHRACENE 
BENZOfAIANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,l]PERYLENE 
BENZO[K]FLUORANTHENE 
CHRYSENE 
DlBENZ[A,H]ANTHRACENE 
Fluorantfiene 
FLUORENE 
IDENO(l,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

I AROCLOR 1248 
Aroclor 1254 

n-Propyl benzene 

ND 
13.78 0.053 

ND 
ND 

BKG 
BKG 
BKG 
ND 

BKG 

Maximum detected concentration used as exposure point concentration 

35.7 1 
TOTAL 0.022 
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Table 3-35 
Risk Characterization for Aleutian Canada Goose - Long Shot Pond 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Exposure Point Concentrations Daily Dose NOAEL NOAEL 
Chemical Aquatic Surface Sediment ' Aquatic Surface Sediment Total Based Based 

Plants Water Plants Water TRV Hazard 
(mglkg) (mgW (mglkg) (mglkgday) (mdkg-day) (mglkg-day) Imgkg-day) (W!M-day) 

Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel ' 

Titanium 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[flFLUORANTHENE 
CHRYSENE 
DIBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
lDENO(1 ,Z,3-C,DJPYRENE 
NAPHTHALENE 
PHENANTHRENE 

I N A N A 
N A N A 35.7 

TOTAL 0 . - .. .- 
I Maximum detected concentration used as exposure point concentration 

1 
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Table 3-36 
Risk Characterization for Aleutian Canada Goose - Heart Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical 

Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel 
Titanium 

ACENAPHTHYLENE 
ANTHMCENE 
BENZO[AY\NTHRACENE 
BENZO~JFLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[UFLUORANTHENE 
CHRYSENE 
DIBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
lDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

Plants Water1 
(mglkg) (mgJL) 

ND 
ND 
ND 
ND 

0.03255 ND 
15.36 BKG 

BKG 
0.11041 0.00181 

0.00821 

 centr rations 
Sediment 

(mgkg) 

ND 
BKG 
ND 
ND 

21.7 
192 
BKG 
BKG 
BKG 

ND 
ND 
ND 
ND 
ND 
NU 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

Plants Water 
(mglkg-day) (mgkg-day) 

ND 

ENE 

I NO ND 
ND ND 35.7 

TOTAL 1.4 . - 

Maximum detected concentration used as exposure point concentration 
I 
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Table 3-36 
Risk Characterization for Aleutian Canada Goose - Heart Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical 

Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel 
Titanium 

I Plants 
(mglkg) 

1 ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[KIFLUORANTHENE 
CHRYSENE 
DlBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
IDENO(1,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

n-Propyl benzene 
Xytenes (Total) I 

Average concentration used as exposr 

! Point Concentrations I Dail) 
Surface [ Sediment ' 1 Aquatic I Surface 
Water ' Plants Water 
(mg/L) I (mglkg) I (mg/kgdayIl (mdkgday) 

ND NO 
ND BKG 
ND ND 
ND ND 
ND 14 

BKG 96 
BKG BKG 

0.00157 BKG 
0.00803 BKG 

.e point concentration 
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Final Amchitka HHERA 

Risk C 

Chemical 

Aluminum 
Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
Iron 
Nickel 
Titanium 
Zinc 

i&@ 
ACENAPHTHENE 
ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,l]PERYtENE 
BENZO[K]FLUORANTHENE 
CHRYSENE 
DlBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
IDENO(7 3-3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

n-Propyl benzene 

Maximum detected concenb 

Table 3-37 
~aracterization for Aleutian Canada Goose - Can ni kin Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Exposure Point Concentrations Daily Dose NOAEL NOAEL 
Aquatic Surface Sediment ' Aquatic Surface Sediment Total Based Based 
Plants Water ' Plants Water TRV Hazard 

(mglkg) (mglL) Imglkg) (mgkg-day) Imglkg-da~) (mglkg-day) (mglkg-da~) (mgkg-day) 

2.20629 0.00753 
ND 
0.468 

0.063773 ND 
0.3855 BKG 
16.24 BKG 

BKG 
0.42816 0.0012 

BKG 

w 
E -,2% 

55900 
BKG 
BKG 
15.6 
0.876 
257 
203 
BKG 
66.9 
BKG 

O.OE+OO 1.3E-03 1.3E-03 
9.5E-03 5.4E-03 1.5E-02 

TOTAL 5 2 . - 
ation used as exposure point concentration 
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Table 3-37 
Risk Characterization for Aleutian Canada Goose - Cannikin Lake 

Mud Pit Release Sites 
Amchitka Island, Alaska 

Chemical 
Water ' Plants 

Surface 
Water 

(mglkg-day) 

g& $$:-4 
1.7E-04 

1 .OE-02 

1.7E-05 

Dose LOAEL- LOAEL- 
Sediment 11 Total Based Based 

I Plants 
Imglkgl 

- 3  .;:q 
BKG 44200 

Arsenic 
Barium 
Boron 
Cadmium 
Chromium 
Copper 
lron 
Nickel 
Titanium 

0.0072 BKG 
ND BKG 

0.445 11 
ND 0.577 

BKG 175 
BKG 142 
BKG BKG 

0.00073 34.3 
BKG BKG 

BKG 

0.771 
ND 

0.184 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0.097 
2.06 
ND 

0.483 
5.49 

ACENAPHTHYLENE 
ANTHRACENE 
BENZO[A]ANTHRACENE 
BENZO[B]FLUORANTHENE 
Benzo(a)pyrene 
BENZO[G,H,I]PERYLENE 
BENZO[WFLUORANTHENE 
CHRYSENE 
DlBENZ[A,H]ANTHRACENE 
Fluoranthene 
FLUORENE 
IDENO(l,2,3-C,D)PYRENE 
NAPHTHALENE 
PHENANTHRENE 

n-Propyt benzene 
Xylenes (Total) 

9.2E-04 9.2E-04 
2.8E-03 7.6E-03 

TOTAL 0.40 . - . - 

Average concentration used as exposure point concentration 
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Table 3-38 
Surface Water Exposure Point Concentrations 

Mud Pit Release Sites 
Amchitka Island, Alaska 



Table 3-39 
Sediment Exposure Point Concentrations 

Mud Pit Release Sites 
Amchitka Island, Alaska 
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Sediment Chemistry Data - Lowland Stations 
Mud Pit Release Sites 

Amchitka Island Alaska 



Table 3-42 
Summary of Triad Results for Upland Stations 

Mud Pit Release Sites 
Amchitka Island Alaska 

D = Drill Site D 

E = Drill Site E 
F = Drill Site F 
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Table 3-43 
Summary of Triad Results for Lowland Stations 

Mud Pit Release Sites 
Amchitka Island, Alaska 
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FIGURE 2-1 
HUMAN HEALTH CONCEPTUAL SITE MODEL 

MUD PIT RELEASE SITES 
Arnchltka Island, Alaska 

On-Stie Parf-Time 
Workers I Subsistence 
Residents Users 

X - Complete Exposure Pathway 
I - lns~gnlficant Complete Exposure Pathway 
0 - Incomplete Ewosure Pathway - 
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Figure 3-1 
Ecological Conceptual Site M d e l  

Mud Pit Release Sites 
Amchitka Island, Alaska 

Aleutian 
Bald Land-Locked Green-Wlnged Canada 
Eagle Dolly Varden Teal Goose 

X -Complete Exposure Pathway 

X ' -Complete but Inslgnrkant Exposure Pathway 
0 - Incomplete Exposure Pathway 
a -These prrrnaly receptors w~ll be assessed In the ecolog~cal r~sk assessment as well as the speclfic specles rdent~fied as secondary receptors 
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Figure 3-2 
Probability Analysis for Mean Relative Ranks - Upland Stream Sampling Stations 

Mud Pit Release Sites 
Arnchitka Island, Alaska 

Station Locations 

I + Stream D Stream E Stream F x Reference Stream 3 X Reference Stream 4 
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V 

Probability Analysis for Mean Relative Ranks - Lowland Stream Sampling Stations 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Upstream 
20 

Central Stream Downstream 
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APPENDIX A 

Human Health Screening Tables for 
Constituents of Potential Concern 



TABLE A-I  
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SURFACE WATER IN FALLS CREEK 

(DRILL SITE D) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(uglL) (uglL) (uglL) (uglL) (uglL) IuglL) (uglL) 

Metals : 
Chromium +3 
Chromium +6 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

b -Total Chromium concentration partitioned as six parts Trivalent Chromium (Chromium +3) and one part Hexavalent Chromium (Chromium +6) 

e - One-tenth USEPA Region 111 risk-based concentrations for tap water (USEPA, 2001a). 

FallsCrDrillSite~RISKrev4 sw data (712212003) 



TABLE A-2 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN FALLS CREEK 

(DRILL SITE D) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 
(mgfkg) Imglkg) (mglkg) (mglkg) (mgfkg) (mglkg) (mglkg) 

Petroleum Hydrocarbons: 
Diesel Range Organics 20% (I of 5) 1 76 N D(4 -0) 39.97 31,236 -- 20 c 

Polvcvclic Aromatic Hydrocarbons : 
Benzo(ghi)perylene 20% (1of5) 0.0143 ND(0.0033) 0.0068 0.04 -- N A 
Phenanthrene 20% (I of 5) 0.125 ND(0.0033) 0.02894 14.15 -- N A 
Polychlorinated Biphenyls: 
Aroclor 1260 67% (2 of 3) 0.82 ND(0.033) 0.292f 66667 4.71 E+16 1 
Metals : 
Cerium 100% (5 of 5) 14.6 3.71 8.91 19.71 NA 
Chromium +3 
Chromium +6 

100% (5 of 5) 226 20.6 67.42 698.92 18.9 50.7 c 

Uranium 20% (1 of 5) 2.49 ND(0.5) 1.095 6.76 1.6 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

b - Total Chromium concentration partitioned as six parts Trivalent Chromium (Chromium +3) and one part Hexavalent Chromium (Chromium +6) 

c - One-tenth State of Alaska so l  clean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (18 AAC 75, Articles 3 and 9) 

FallsCrDrillSiteD-RISKrev4 sed data (712212003) 



TABLE A-3 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN FALLS CREEK 

(DRILL SlTE D) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) (mglkg) Imglkg) (mglkg) (mglkg) (mglkg) 

Polychlorinated Biphenvls : 
Aroclor I260 100% (2of2) 0.183 0.0325 0.1 0775 NA -- 0.00016 0.183 
Metals : 
Chromium +3 0.65 b 
Chromium +6 100% (2 of 2) 0.758 

0.312 0.535 NA 0.684 0.41 0.1 1 b 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

b - Total Chromium concentration partitioned as six parts Trivalent Chromium (Chromium +3) and one part Hexavalent Chromium (Chromium +6) 

FallsCrDrillSiteD-RtSKrev4 fish data (712212003) 



TABLE A-4 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SURFACE WATER IN DRILL SITE D LAKE 

(DRILL SITE D) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(uglL) (uglL) (uglL) IuglL) (uglL1 ( uglu (uglL) 

Metals: - 
Chromium +3 
Chromium +6 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

c - Total Chromium concentration partitioned as six parts Trivalent Chromium (Chromium +3) and one part Hexavalent Chromium (Chromium +6) 

e - One-tenth USEPA Region Ill risk-based concentrations for tap water (USEPA, 2001a). 

DrillSiteDLake-RISKrev4 sw data (712212003) 



TABLE A-5 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN DRILL SITE D LAKE 

(DRILL SITE D) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected . Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Petroleum Hydrocarbons: 
Diesel Range Organics 100% (5 of 5) 146 66.2 11 2.9 167.63 - 20 c 146 
Polvcvclic Aromatic Hydrocarbons : 
Phenanthrene 80% (4 of 5) 0.207 0.00588 0.060646 13.1 0 -- NA 0.207 
Metals : 
Cerium 
Chromium +3 
Chromium +6 
Thorium 100% (5 of 5) 16.8 0.91 7.758 221.68 ND N A 16.8 

NO - Not detected (detection limit), NA - Not available, -- Not analyzed 

b -Total Chromium concentration partitioned as six parts Trivalent Chromium (Chromium +3) and one part Hexavalent Chromium (Chromium +6) 

c - One-tenth State of Alaska soil clean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (18 AAC 75, Articles 3 and 9) 

DrillSiteDLake-RISKrev4 sed data (712212003) 



TABLE A-6 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN DRILL SITE E STREAM 

(DRILL SITE E) 
Arnchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) I m g W  (mgfkg) (mgfkg) (mgfkg) (mgfkg) 

Petroleum Hydrocarbons: 
Diesel Range Organics 20% ( 9  of 5) 22.1 ND(4.0) 7.541 53.54 -- 20 c 22.1 
Polvcvclic Aromatic Hvdrocarbons : 
Phenanthrene 20% (I of 5) 0.0702 ND(0.0033) 0.01 7525 2.79 -- NA 0.0702 
Metals: 
Cerium 100% (5 of 5) 19.7 8.03 1 1.87 18.23 13 NA 18.23 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

c - One-tenth State of Alaska soil clean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (18 AAC 75, Artides 3 and 9) 

DrillSiteEStrearn-RISKrev4 sed data (712212003) 



TABLE A-7 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN DRILL SITE E STREAM 

(DRILL SITE E) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Cone. 

(mglkg) (mglkg) b-nglkg) Imglkg) (mglkg) (mglkg) (melkg) 

Metals: 
Cesium 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

DrillSiteEStrearn-RISKrev4 fish data (712212003) 



TABLE A-8 
SUMMARY OF CONSTITUENT OF POTENTIAL CONCERN FOR FISH TISSUE IN LIMPET CREEK 

(DRl L L SITE F) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Upland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) (mglkg) (mgfkg)  (mglkg) Imgfkg) (mglkg) 

Polvchlorinated Biphenyls : 
Aroclor 1260 67% (2 of 3) 0.0204 ND(O.01) 0.01 18 1.20 -- 0.0001 6 0.0204 

ND - Not detected (detection limit), NA - Not available, - Not analyzed 

LimpetCrDrillSiteF-RISKrev4 fish data (712212003) 



TABLE A-9 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN BRIDGE CREEK 

(LONG SHOT SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

Metals : 
Aluminum 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

d - One-tenth USEPA Region Ill risk-based concentration for residential soil (USEPA, 2001a). 

Bridgecreeklongshot-RKKrev4 sed data (712212003) 



TABLE A-10 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN BRIDGE CREEK 

(LONG SHOT SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) (m£#lkg) (mglkg) Imglkgl (mglkg) (mglkg) 

Metals : 
Arsenic (total) 100% (20f2)  0.257 0.0508 0.1 539 NA 0.127 0.00021 0.257 
Arsenic (inorganic) 100% (20 f2 )  0.1 54 0.01 09 0.08245 NA 0.0208 0.00021 0.154 
Cerium 50% (I of 2) 0.088 ND(0.025) 0.05025 NA 0.0280 b NA 0.088 
Cesium 50% (I of 2) 0.0305 ND(0.025) 0.021 5 NA 0.0258 b N A 0.0305 
Thallium 50% (I of 2) 0.0503 ND(0.025) 0.031 4 NA 0.0283 b 0.0095 0.0503 
Thorium 50% (I of 2) 4.06 ND(2.5) 2.655 NA 3.43 b N A 4.06 
Vanadium 100% (2 of 2) 2.6 0.389 1.4945 NA 1.05 0.95 2.6 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

b - Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL 

BridgeCreekLongshot-RISKrev4 fish data (712212003) 



TABLE A-?I 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN REED POND 

(LONG SHOT SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

Img/kg) m g M l )  Imglkg) (mgikg) (mglkg) (mglkg) (mglkg) 

Petroleum Hvdrocarbons: 
Diesel Range Organics 50% 110f2) 42.6 ND(27.4) 28.15 N A -- 20 c 42.6 
Metals: - 
Cesium 50% (1 of 2) 5.72 NDI3.42) 3.71 5 NA ND NA 5.72 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

c - One-tenth State of Alaska soil clean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (1 8 AAC 75, Articles 3 and 9) 

ReedPondLongshot-RISKrev4 sed data (712212003) 



TABLE A-12 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN CLOUDBERRY CREEK 

(LONG SHOT SITE) 
Arnchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(m9lkg) (mglkg) (mglk9) b w k g )  (mglkg) (mglkg) Imglkg) 

Metals : 
Beryllium 
Cesium 
Thallium 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

b - Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL . 
c - One-tenth State of Alaska soil clean-up level, Discharge Reporting. Cleanup, and Disposal of Oil and other Hazardous Substances (18 AAC 75, Articles 3 and 9) 

d - One-tenth USEPA Region Ill risk-based concentration for residential soil (USEPA, 2001a). 

CloudberryCreekLongshot-RISKrev4 sed data (712212003) 



TABLE A-1 3 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN CLOUDBERRY CREEK 

(LONG SHOT SITE) 
Arnchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mg1k.l) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Metals : 
Cerium 
Thorium 

ND - Not detected (detection Limit), NA - Not available, -- Not analyzed 

b - Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL . 

CloudbenyCreekLongshot-RISKrev4 fish data (7122/2003) 



TAB @ A-I4 
SUMMARY OF CONSTITUTENTS OF POTENTIAL CONCERN FOR SEDIMENT IN RAINBOW CREEK 

(LONG SHOT SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Petroleum Hydrocarbons: 
Dieset Range Organics 80% (4 of 5) 2110 ND(19.9) 682.87 95,454,212 -- 20 c 2110 
Polychlorinated Biphenyls : 
Aroclor 1260 50% ( l o r n )  0.46 ND(0.056) 0.244 NA -- I c 0.46 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

c - One-tenth State of Alaska soil dean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (18 AAC 75, Articles 3 and 9) 

RainbowCrLongshot-RISKrev4 sed data (712212003) 



TAB a A-15 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN RAINBOW CREEK 

(LONG SHOT SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) Imglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Polychlorinated Bi~henvls 
Aroclor 1260 100% (1of1)  0.0161 0.0161 0.0161 N A -- 0.0001 6 0.0161 
Metals 
Arsenic (inorganic) 100% (2 of 2) 0.0236 0.00521 0.01 441 NA 0.0208 0.00021 0.0236 
Thorium 50% (I of 2) 5.4 ND(2.5) 3.325 N A 3.43 b N A 5.4 

ND - Not detected (detection limit), NA - Not available, - Not analyzed 
b - Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL . 

RainbowCrLongshot-RISKrev4 fish data (7/22/2003) 



TABLE A-1 6 
SUMMARY O f  CONSTlTUENTS OF POTENTIAL CONCERN FOR SURFACE WATER IN CLEVENGER CREEK 

(MILROW SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(uglL) (uglL) (uglL) (uglL) (uglL) I WlL) (ug/L) 

Metals: 
Arsenic 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

c - One-tenth National Recommended Water Quality Criteria for Toxic Pollutants based on ingestion of water and organisms (USEPA, 1999a). 

ClevengerCrMillrow_R1SKrev4 sw data (712212003) 



TAB b A-17 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN CLEVENGER CREEK 

(MILROW SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

Petroleum Hydrocarbons: 
Diesel Range Organics 67% (4 of 6) 542 ND(8.5) 129.89 36,240 -- 20 c 542 
Metals: 
Aluminum 100% (6o f6 )  9 0 , 6 0 0  16,000 33,583 83,564 45,400 7,800 d 83,564 
Cerium 100% (6 of 6) 30.9 7.58 13.39 25.16 14.2 NA 25.26 
Cesium 33% (2 of 6) 4.26 1.8 2.09 3.62 ND NA 3.62 

ND - Not detected (detection limit), NA - Not available, - Not analyzed 

c - One-tenth State of Alaska soil clean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (18 AAC 75, Articles 3 and 9) 

d - One-tenth USEPA Region Ill risk-based concentration for residenlial soil (USEPA, 2001a). 

ClevengerCrMillrow-RISKrev4 sed data (712212003) 



TAB a--1 8 
SUMMARY OF CONSITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN CLEVENGER CREEK 

(MILROW SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Polychlorinated Biphenyls : 
Aroclor 1260 67% (2 of 3) 0.0094 0.0065 0.0070 0.01 87 - 0.0001 6 0.0094 
Metals : 
Arsenic (total) 100% (3 of 3) 0.225 0.0533 0.1 301 16.9956 0.127 0.00021 0.225 
Arsenic (inorganic) 100% (3 of 3) 0.0551 0.01 38 0.0319 2.8306 0.0208 0.00021 0.0551 
Cesium 67% (2 of 3) 0.0285 ND(0.025) 0.0224 0.1 535 0.0258 b NA 0.0285 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

b - Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL . 

ClevengerCrMillrow-RISKrev4 fish data (712212003) 



TABLE A-19 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDlMENT IN HEART LAKE 

(MILROW SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 
(wlkg)  Imglkg) (mglkg) (mglkg) (mg/kg) (mglkg) Im glkg 1 

Metals : 
Aluminum 
Cerium 
Thorium 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

d - One-tenth USEPA Region Ill risk-based concentration for residential soil (USEPA, 2001a). 

HeartLake Milrow-R1SKrev4 sed data (712212003) 



TABLE A-20 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SURFACE WATER IN CANNIKIN LAKE 

(CANNIKIN SITE) 
Amchitka Island, Alaska 

Constituent of 
Potential Concern 

Metals: 
Arsenic 
Boron 

Maximum Minimum Mean 95% Lowland Strearr Human Health Exposure 
Detection Detected Detected Detected UCL Background Screening Point 
Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(uglL) (uglL) (ugll) (uglL) (uglL) (uglL1 IuglL) 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

c - One-tenth National Recommended Water Quality Criteria for Toxic Poltutants based on ingestion of water and organisms (USEPA, 1999a). 

e - One-tenth USEPA Region Ill risk-based concentrations for tap water (USEPA, 2001a). 



TABLE A-21 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT IN CANNlKlN LAKE 

(CANN [KIN SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health 
Constituent of Detection Detected Detected Detected UCL Background Screening 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value 

Petroleum Hydrocarbons : 
Gasoline Range Organics 33% 
Diesel Range Organics 100% 
Volatile Oraanic Com~ounds : 
p-lsopropyltoluene 67% 
Polvc~clic Aromatic Hvdrocarbons : 
Phenanthrene 67% 
Polvchlorinated Bi~henvls: 
Aroclor 1248 33% 
Aroclor 1260 67% 
Metals: 
Aluminum 100% 
Cerium 100% 
Cesium 33% 
Chromium +3 
Chromium +6 
Thorium 

ND - Not detected (detection limit), NA - Not available, - Not analyzed 
b - Total Chromium concentration partitioned as six parts Trivalent Chromium (Chromium +3) and one part Hexavalent Chromium (Chromium +6) 

c - One-tenth State of Alaska soil dean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (1 8 AAC 75, Articles 3 and 9) 

Exposure 
Point 
Conc. 

Imglkg) 

I Cannikinlake-RISKrev4 sed data (7/22/2003) 



TABLE A-22 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN CANNlKlN LAKE 

(CANNIKIN SITE) 
Amchitka Island, Alaska 

Constituent of 
Potential Concern 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Detection Detected Detected Detected UCL Background Screening Point 
Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Polychlorinated Biphenyls : 
Aroclor 1260 100% (2 of 2) 0.0248 0.019 0.021 9 NA -- 0.0001 6 0.0248 
Metals: 
Thallium 50% (1 of 2)  0.05 ND(0.05) 0.0375 NA 0.0283 b 0.0095 0.05 

ND - Not detected (detection limit), NA - Not available. -- Not analyzed 

b - Maximum detected concentration in background samples due to insufficient detection frequency to calculate UTL . 

Canni kinLake-RISKrev4 fish data (7/2212003) 



TABLE A-23 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SURFACE WATER IN WHITE ALICE CREEK 

(CANNIKIN SITE) 
Amchitka Island, Alaska 

Constituent of 
Potential Concern 

Metals: 
Arsenic 

Maximum Minimum Mean 95% Lowland Strearr Human Health Exposure 
Detection Detected Detected Detected UCL Background Screening Point 
Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 

(uglL) (uglL) (uglL) (uglL) IuglL) (uglL) (uglL) 

ND - Not detected (detection limit), NA - Not available, - Not analyzed 

c - One-tenth National Recommended Water Quality Criteria for Toxic Pollutants based on ingestion of water and organisms (USEPA, 7999a). 



TABLE A-24 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR SEDIMENT 1N WHITE ALICE CREEK 

(CANNIKIN SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 
bglkg)  (mglkg) Imglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Petroleum Hydrocarbons : 
Diesel Range Organics 100% (5of5)  116 32.6 54.44 11 7.90 -- 20 c 116 
Metals: 
Aluminum 100% (50 f5 )  68,300 6,480 44,856 54544 4 45,400 7,800 d 68,300 
Arsenic 80% (4 of 5) 109 ND(5.86) 46.686 9097.59 100 0.55 c 109 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

c - One-tenth State of Alaska soil dean-up level, Discharge Reporting, Cleanup, and Disposal of Oil and other Hazardous Substances (18 AAC 75, Articles 3 and 9) 

d - One-tenth USEPA Region Ill risk-based concentration for residential soil (USEPA, 2001a). 

W hiteAliceCreek-RISKrev4 sed data (7122/2003) 



TABLE A-25 
SUMMARY OF CONSTITUENTS OF POTENTIAL CONCERN FOR FISH TISSUE IN WHITE ALICE CREEK 

(CANNIKIN SITE) 
Amchitka Island, Alaska 

Maximum Minimum Mean 95% Lowland Stream Human Health Exposure 
Constituent of Detection Detected Detected Detected UCL Background Screening Point 

Potential Concern Frequency Conc. Conc. Conc. Conc. Conc. Value Conc. 
(mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) (mglkg) 

Polvchlorinated Biphenvls : 
Aroclor 1260 100% (5 of 5) 0.0394 0.01 15 0.02036 0.0443 - 0.0001 6 0.0394 
Metals: 
Arsenic (total) 80% (40f5)  0.135 0.0415 0.06726 0.6037 0.1 27 0.00021 0.135 
Arsenic (inorganic) 80% (4 of 5) 0.0457 0.0033 0.01 43438 72424.2935 0.0208 0.00021 0.0457 
Boron 100% (5 of 5) 37.2 9.08 16.376 39.9822 28.6 12 37.2 

ND - Not detected (detection limit), NA - Not available, -- Not analyzed 

WhiteAliceCreek-RISKrev4 fish data (712212003) 



1, TABL A-26 
SURFACE WATER IN FALLS CREEK (DRILL SITE D) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

Metals : 
Chromium +3 3.59E-07 1.68E-05 1.24E-06 2.90E-06 2.83E-07 6.61 E-07 N A 5.59E-04 N A 1.93E-06 N A 2.20E-05 

NA - Not Applicable 

FallsCrDrillSiteD-R1SKrev4 SW RISK (7122/2003) 



TABL 9 A-27 
SEDIMENT IN FALLS CREEK (DRILL SITE D) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

--. ---.-- 
USFWS Worker Part-time Subsistence User 

Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer 
Constituent CDI CDI CDI CDI CDI CDI 
of Potential From From From From From From 

Concern Dermal Dermal Ingestion Ingestion Dermal Dermal 

USFWS Worker 1 Part-time Subsistence User 
Carcinogenic Non-Cancer 1 Carcinogenic Non-Cancer Carcinogenic Non-Cancer 

~ i s k  Hazard ~ i s k  Hazard Risk Hazard 
From From I From From From From 

Dermal Dermal Ingestion Ingestion Dermal Dermal 

Petroleum Hvdrocarbons: 
Diesel Range Organics 1 9.83E-06 4.59E-04 
Polvcvclic Aromatic Hvdrocerbons : 
Benzo(ghi)perylene 7.98E-70 3.73E-08 
Phenanthrene 6.98E-09 3.26E-07 
Polvchlorinated Biphenvls: 
Aroclor 1260 6.41 E-08 2.99E-06 
Metals : 
Cerium 8.15E-08 3.81 E-06 
Chromium +3 1.08E-06 5.05E-05 
Chromium +6 1.80E-07 8.42E-06 

a Petroteurn Hydrocarbons are not included in the Cummulation RisklHazard totals as per Alaska Department of Environmental Commission 
NA - Not Applicable 

FallsCrDrillSiteD-RISKrev4 SED RISK (71222003) 



a 
TABLE A-28 

SURFACE WATER IN DRILL SlTE D LAKE (DRILL SlTE D) 
EXPOSURES, RISKS, AND HEALTH HAZARDS 

Amchitka Island, Alaska 

I Constituent CDI CDI CDI CDI CDI CDI Risk Hazard Risk Hazard Risk Hazard 
of Potential I From From I From From from From I iron F r o  I From From From From I 

Concern Dermal Dermal Ingestion Ingestion Dermal Dermal Dermal Dermal ingestion Ingestion Dermal Dermal 

I 

NA - Not Applicable 

DrillSiteDLake-RISKrev4 SW RISK (712212003) 

EXPOSURE 
USFWS Worker I Part-time Subsistence User 

Carcinogenic Non-Cancer ICarcinogenic Non-Cancer Carcinogenic Non-Cancer 

RlSKlH AZARD 
USFWS Worker 1 Part-time Subsistence User 

Carcinogenic Non-Cancer ICarcinogenic Non-Cancer Carcinogenic Non-Cancer 



e 
TABLE A-29 

SEDIMENT IN DRILL SlTE D LAKE (DRILL SlTE D) 
EXPOSURES, RISKS, AND HEALTH HAZARDS 

Arnchitka Island, Alaska 

I 

USFWS Worker I Part-time Subsistence User USFWS Worker 
Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer 

Constituent CDI CDI CDI CDI CDI CDI Risk Hazard 
Of Potential From From From From From From From From 

Concern Dermal Dermal Ingestion Ingestion Dermal Dermal Dermal Dermal 

Part-time Subsistence User 
Carcinoaenic Non-Cancer Carcinoaenic Non-Cancer 

~ i s k  Hazard ~ i s k  Hazard 
From From From From 

Ingestion Ingestion Dermal Dermal 

Petroleum Hvdrocarbons: 
Diesel Range Organ~cs 8.75E-06 3.87E-04 4.41 E-06 1.03E-05 8.04f -06 1.88E-05 N A 9.52E-03 

Phenanthrene 1 .I 6E-08 5.40E-07 6.25E-09 1.46E-08 1.14E-08 2.66E-08 N A 1.35E-05 
Metals : 
Cerrum 3.43E-07 1.60E-05 1.85E-06 4.33E-06 3.38E-07 7.89E-07 N A N A 
Chromium +3 3.33E-06 1.55E-04 1.80E-05 4.20E-05 3.28E-06 7.65E-06 N A 5.28E-03 
Chromium +6 5.54507 2.59E-05 3.00E-06 6.99E-06 5.47E-07 3.28E-06 N A 4.32E-01 

a Petroleum Hydrocarbons are not included in the Cummulation RisklHazard totals as per Alaska Department of Environmental Commission 
NA - Not Applicable 

DrillSiteDLake-RISKrev4 SED RISK (7/22/2003) 



TABL 9 A-30 
SEDIMENT IN DRILL SlTE E STREAM (DRILL SITE E) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Arnchltka Island, Alaska 

I I 
. . . - . - . . . - . . .- 

USFWS Worker I Part-time Subsistence User I USFWS Worker I Part-time Subsistence User 
I 1 Carcinogenic Non-Cancer 1 Carcinogenic Non-Cancer Carcinogenic Non-Cancer )Carcinogenic Non-Cancer 1 Carcinogenic Non-Cancer Carcinogenic Non-Cancer 

I Constituent CDI C D ~  CDI C D ~  CDI ~ i s k  ~ i s k  Hazard ~ i s k  Hazard 
of PotentiaI /ram I ~ r o m  From From From From From I 

Concern Dermal Dermal lnaestion lnaestion Dermal Dermal Dermal lnaestion Dermal Dermal 

I Petroleum Hydrocarbons: 
Diesel Range Organics I 1.23E-06 5.7BE-05 I 6.67E-07 1.56E-06 1 .ZZE-06 2.84E-06 I NA 1.44E-03 3.89E-05 N A 7.10E-05 

I Polvcvclic Aromatic Hvdrocarbons : 
Phenanthrene 1 3.92E-09 1.83E-07 I 2.1 2E-09 4.95E-09 3.87E-09 9.02E-09 4.58E-06 1.24E-07 N A 2.26E-07 I 

a Petroleum Hydrocarbons are not included in the Cummulation RiskMazard totals as per Alaska Department of Environmental Commission 
NA - Not Applicable 

DrillSiteEStream-RISKrev4 SED RISK (712212003) 



TABL A-31 
SEDIMENT IN BRIDGE CREEK (LONG SHOT SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

t 
--.. ---.-- I . -. - . - . . . - . . -- 

USFWS Worker 1 Part-time Subsistence User I USFWS Worker I Part-time Subsistence User 
I I Carcinogenic Non-Cancer I Carcinogenic Non-Cancer Carcinogenic Non-Cancer I Carcinogenic Non-Cancer 1 Carcinogenic Non-Cancer Carcinogenic Non-Cancer 

Constituent 
of Potential 

Concern 

CDI CDI C D ~  CDI Risk Hazard ~ i s k  Hazard Risk Hazard 
From From irom I / ror  From I From From From From 

Dermal Ingestion Dermal Dermal Dermal Dermal Ingestion Ingestion Dermal Dermal 

NA - Not Applicable 

BridgeCreekLongshot-RfSKrev4 SED RISK (7122/2003) 



0 
TABLE A-32 

SEDIMENT IN REED POND, LONG SHOT SITE 
EXPOSURES, RISKS, AND HEALTH HAZARDS 

Amchitka Island, Alaska 

a Petroleum Hydrocarbons are not included in the Cummulation RisklHazard totals as per Alaska Department of Environmental Commission 
NA - Not Applicable 

RaedPondLongshot-RlSKrev4 SED RISK (712212003) 



TABLE A-33 
SEDIMENT IN CLOUDBERRY CREEK (LONG SHOT SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

of Potential 

NA - Not Applicable 

CloudberryCreekLongshot-RISKrev4 SED RISK (712212003) 



TABL ? A-34 
SEDIMENT IN RAINBOW CREEK (LONG SHOT SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

iesel Range Organics 

a Petroleum Hydrocarbons are not included in the Cummulation RisWHazard totals as per Alaska Department of Environmental Commission 
NA - Not Applicable 

RainbowCrLongshot-RISKrev4 SED RISK (7/22/2003) 



TABL 9 A-35 
SURFACE WATER IN CLEVENGER CREEK (MILROW SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

lnaestion lnaestion 

Metals: I I I I 

NA - Not Applicable 

ClevengerCrMillrow-RISKrev4 SW RISK (712212003) 



TABL 1, A-36 
SEDIMENT IN CLNENGER CREEK (MILROW SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

EXPOSURE RISWHAZARD 
USFWS Worker Part-time Subsistence User USFWS Worker Part-time Subsistence User 

Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer 
Constituent CDI CDI CDI CDI CD1 CDI Risk Hazard Risk Hazard Risk Hazard 
of Potential From From From From From From From From From From From From 

Concern Dermal Dermal ingestion Ingestion Dermal Dermal Dermal Dermal Ingestion Ingestion Dermal Dermal 

a Petroleum Hydrocarbons are not included in the Cummu[ation RisklHazard totals as per Alaska Department of Environmental Commission 
NA - Not Applicable 

Petroleum Hydrocarbons: 
Diesel Range Organics 
Metals: 
Aluminum 
Cerium 

ClevengerCrMillrow-RISKrev4 SED RISK (7l2u22003) 

3.03E-05 1.41 E-03 

4.67E-04 2.18E-02 
1.41 E-07 6.59E-06 

1 .WE-05 3.82E-05 2.98E-05 6.96E-05 

2.52E03 5.89E-03 4.60E-04 1.07E-03 
7.63E-07 1.78E-06 1.39E-07 3.25E-07 

N A 3.53E-02 

N A N A 
N A N A 

N A 9.55E-04 N A 1.74E-03 

N A NA N A N A 
N A N A N A N A 



TABLE A-37 
SEDIMENT IN HEART LAKE (MILROW SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Arnchitka Island, Alaska 

EXPOSURE RfSWHAZARD 
USFWS Worker Part-time Subsistence User USFWS Worker Part-time Subsistence User 

Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer 
Constituent CDI CDI CDI CDI CDI CDI Risk Hazard Risk Hazard Risk Hazard 
of Potentlaf From From From From From From From From From From From From 

Concern Dermal Denal  Ingestion Ingestion Dena l  Dermal Dermal Dermal Ingestion Ingestion Dermal Dermal 

NA - Not Applicable 

HeartLake Mitrow-RISKrev4 SED RISK (712212003) 

1TOTAL CUMULATIVE CANCER RISK : 1 O.OOE+OO 1 0,00E+00 !a 

)TOTAL CUMULATlVE HAZAUD INDEX : I n nn~+nn 1 0.00E+00 b 



TABL c, A-38 
SURFACE WATER IN CANNIKIN LAKE (CANNIKIN SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Arnchitka Island, Alaska 

USFWS Worker Part-time Subsistence User USFWS Worker Part-time Subsistence User 
Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer 

Constituent CDI CD I CDI CDI CDI CDI Risk Hazard Risk Hazard Risk Hazard 
of Potential From From From From From From From From From From From From 

Concern Dermal Dermal Ingestion Ingestion Dermal Dermal Dermal Dermal Ingestion Ingestion Dermal Dermal 

NA - Not Applicable 



TABL ? A-39 
SEDIMENT 1N CANNlKlN tAKE (CANNIKIN SITE) 
EXPOSURES, RISKS, AND HEALTH HAZARDS 

Arnchitka Island, Alaska 

RISWHAZARD 
Part-time Subsistence User I USFWS Worker 

Carcinoaenic Non-Cancer 
I USFWS Worker I Part-time Subsistence User 
1 Carcinoaenic Non-Cancer I Carcinoaenic Non-Cancer Carcinoaenic Non-Cancer 

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

Carcinwenic Non-Cancer Carcinogenic Non-Cancer b 
Constituent 
of Potential 

Concern 

CDI C D ~  CDI C D ~  CDI 
From I From From From from 

Dermal Dermal Ingestion Ingestion Dermal Dermal 

~ i s k  Hazard 
From From 

Dermal Dermal 

~ i s i  Hazard ~ i s i  Hazard 
From From From From 

Ingestion Ingestion Dermal Dermal 

Petroleum Hvdrocarbons : 
Gasoline Range Organics I 1.45E-06 6.751-05 
Diesel Range Organics 1 2.63E-04 
Volatile Orqanic Compounds : 
p-lsopropyltoluene 1.70E-08 
Polvcvclic Aromatic Hvdrocarbons : 
Phenanthrene 6.76E-07 
Polychlorinated Biphenyls: 
Aroclor 1248 1.45E-08 
Aroclor 1260 8.36E-09 
Metals: 
Aluminum 3.12E-04 
Cerium 1.18E-07 
Cesium 6.20E-09 
Chromium +3 1.23E-06 
Chromium +6 2.05E-07 

a Petroleum Hydrocarbons are not included in the Cummulation RisklHazard totals as per Alaska Department of Environmental Commission 

I CannikinCake-RISKrev4 SED RISK (7/22/2003) 



* 
TABLE A-40 

I Constituent 
of Potential 

Concern 

FISH TISSUE IN CANNIKIN LAKE (CANNIKIN SITE) 
EXPOSURES, RISKS, AND HEALTH HAZARDS 

Amchitka Island, Alaska 

EXPOSURE I RISKIHAZARD 1 - - -  . . . - . - . . . - - -- 
USFWS Worker Part-time Subsistence User USFWS Worker Part-time Subsistence User 

Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer Carcinogenic Non-Cancer 
CDI CDI CDI CDI CDI CDI Risk Hazard Risk Hazard Risk Hazard 
From From From From From From From From From From From From 

Ingestion Ingestion fidult IngestiorAdult IngestiorChild lngestiorchifd lngestior tngestion Ingestion Adult Adult Child Child 

NA - Not Applicable 

CannikinLake-RISKrev4 FISH RISK (7/22/2003) 



SURFACE WATER 1N WHITE ALICE CREEK (CANNIKIN SITE) 
EXPOSURES, RISKS, AND HEALTH HAZARDS 

Arnchitka Island, Alaska 

I Constituent CDI CD I CDI CDI CDI CD I Risk Hazard Risk Hazard Risk Hazard 
of Potential I From F r o  I From From From Fmm 1 From From I From From From From 
Concern Dermal Dermal ingestion Ingestion Dermal Dermal Dermal Dermal Ingestion Ingestion Dermal Dermal 

NA - Not Available 

WhiteAliceCreek-RlSKrev4 SW RISK (712212003) 



TABL 1, A-42 
SEDIMENT IN WHITE ALICE CREEK (CANNIKIN SITE) 

EXPOSURES, RISKS, AND HEALTH HAZARDS 
Amchitka Island, Alaska 

I Petroleum Hydrocarbons : 
Diesel Range Organics I 6.48E-06 3.031-04 I 3.50E-06 8.1i'E-06 6.39E-06 1.491-05 7.56E-03 2.04E-04 N A 3.73E-04 

a Petroleum Hydrocarbons are not included in the Cummulation RisklHazard totals as per Alaska Department of Environmental Commission 
NA - Not Applicable 

WhiteAliceCreek-RISKrev4 SED RISK (712212003) 



APPENDIX B 

Ecological Risk Assessment Screening Tables for 
Constituents of Potential Concern 



Table B-I 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Falls Creek, Drill Site D 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-I 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Falls Creek, Drill Site D 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses 
NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
pglL - Micrograms per liter 

Final Arnchitka HHERA Page 2 of 2 July 2003 



Table 8-2 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Falls Creek, Drill Site D 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table 8-2 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Falls Creek, Drill Site D 
Mud Pit Release Sites 

Amchitka Island, Alaska 

' Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted, 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appmprlate background samples. 

' Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mgkg - Milligrams per kilogram 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-3 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Drill Site D Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page I of 2 July 2003 



Table B-3 
Summary of Analytical Results and Ecological Rlsk Assessment Screening 

For Surface Water in Drill Site D Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses 
pglL - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-4 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Drill Site D Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 



Table B-4 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Drill Site D Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Background concentratlons, which are presented only for metals, are upper tolerance limits (UTL) unless othetwlse noted. 
'This metal was not detected in a suffcient number of reference stream samples to allow calculatlon of a valid UTL. The 

concentration shown is the maximum detected concentratlon in the appropriate backgmund samples. 
" Screening concentration based on 1% organlc carbon 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 

Final Amchtlka HHERA Page 2 of 2 July 2003 



Table 8-5 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Drill Site E Stream 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-5 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Drill Site E Stream 
Mud Pit Release Sites 

Amchitka Island. Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses 
NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
pg/L - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-6 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Drill Site E Stream 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchiia HHERA Page 1 of 2 July 2003 



Table B-6 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Drill Site E Stream 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Background concentrakns, which are presented only for metals, are upper tolerance llmlts (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valld UTL. The 
concentration shown is the maximum detected concenttatin in the appropriate background samples. 

" Screening concentratlon based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mgkg -Milligrams per kilogram 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-7 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Limpet Creek, Drill Site F 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page I of 2 July 2003 



Table 8-7 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Limpet Creek, Drill Site F 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
  his metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses 
NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
pg/L - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-8 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Limpet Creek, Drill Site F 
Mud Pit Release Sites 

Arnchitka Island, Alaska 

Final Amchiia HHERA Page 1 of 2 July 2003 



Table 8-8 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Limpet Creek, Drill Site F 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Backgmund concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless othelwlse noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentraf~n shown is the maxlrnurn detected concentration in the appropriate background samples. 

' Screening concentration based on 1% organic carbon 

ND - Analyie not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
rnglkg -Milligrams per kilogram 

Final Arnchitka HHERA Page 2 of 2 July 2003 



Table B-9 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Bridge Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island. Alaska 

Final Amchitka HHERA Page I of 2 July 2003 



Table B-9 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Bridge Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
pg/L - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-10 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Bridge Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table 6-10 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Bridge Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

' Background concentrations, whkh are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
' This metal was not detected in a s u k k n t  number of reference stream samples to allow calculation of a valid UTL. The 

concentration shown is the maximum detected concentration in the appropriate background samples. 
"Screening concentralion based on 1% organic carbon. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN -Not analyzed 
NAV - Not available 
mgkg - Mllllgrams per kilogram 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-I I 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reed Pond, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-I I 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reed Pond, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
pg/L - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-12 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reed Pond. Long Shot Site 
Mud Pit Release Sites 

Arnchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table 6-12 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reed Pond. Long Shot Site 
Mud Plt Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals. are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concenbation shown is the maximum detected concentration In the appropriate background samples. 
Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reportlng Ilmlt, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 

Final Arnchiika HHERA Page 2 of 2 
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Table B-13 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Long Shot Pond 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table B-13 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Long Shot Pond 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otheNvise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples, 

ND - Analyle not detected at a concentration above the reporting limit, which is shown in parentheses 
NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
vglL - Micrograms per liter 

Final Amchitka HHERA Paga 2 of 2 July 2003 



Table B-14 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Long Shot Pond 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table B-14 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Long Shot Pond 
Mud Pit Release Sites 

Arnchitka Island, Alaska 

Backgmund concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 
Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
rngkg - Milligrams per kilogram 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-15 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Cloudberry Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table B-15 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water In Cloudberry Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid WL. The 
concentration show is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses 
NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
pg/L - Micrograms per liter 
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Table 6-16 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Cloudberry Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchiika HHERA Page 1 of 2 Jub 2003 



Table 6-16 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Cloudberry Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

* Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufilent number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 
' Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limlt, which is shown in parentheses 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 
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Table 8-17 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water In Rainbow Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table 8-17 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Rainbow Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration In the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown In parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not avallable 
pglL - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-18 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Rainbow Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table B-18 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Rainbow Creek, Long Shot Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples, 

" Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentratlon above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-19 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Clevenger Creek, Milrow Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table 6-19 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Clevenger Creek, Milrow Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
pglL - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-20 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Clevenger Creek, Milrow Site 
Mud Pit Release Sites 

Amchitka island. Alaska 
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Table B-20 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Clevenger Creek, Milrow Slte 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream sampbs to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 
Screening concentration based on 1% organic carbon. 

ND - Analyte not detected at a concentration above the repotting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-21 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Heart Lake, Milrow Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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fable 6-21 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Heart Lake, Milrow Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses 
NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
pglL - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-22 
Summary of Analytical Results and Ecological Rlsk Assessment Screening 

For Sediment In Heart Lake, Milrow Site 
Mud Pit Release Sites 

Arnchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-22 
Summary of Analytical Results and Ecological Risk Assessment Screenlng 

For Sediment in Heart Lake, Milrow Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, whlch are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
 his metal was not detected in a sufficient number of reference stream samples to allow calculatiin of a valid UTL. The 
ConcentraUon shown is the maximum detected concentration in the appropriate background samples. 

" Screening concentration based on 1% organlc carbon 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mghg - Milligrams per kilogram 
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Table 6-23 
Summary of Analytlcal Results and Ecological Risk Assessment Screening 

For Surface Water in Cannikin Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table B-23 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Cannikin Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a - Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted 
b - This metal was not detected In a sufficient number of reference stream samples to allow calculation of a valid UTL. The 

concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyle not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
pg/L - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-24 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Cannikin Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchlka HHERA Page 1 of 2 July 2003 



Table B-24 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Cannikin Lake 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Backgmund concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted 
Thls metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appmpriate background samples. 

Screening concentration based on 1% organic carbon. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 

Final Arnchilka HHERA Page 2 of 2 July 2003 



Table B-25 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in White Alice Creek, Cannikin Site 
Mud Pit Release Sites 

Amchitka Island. Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table 8-25 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in White Alice Creek, Cannikin Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyie not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
pglL - Micrograms per liter 

Final Amch~tka HHERA Page 2 of 2 July 2003 
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Table B-26 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in White Alice Creek, Cannikin Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA 
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Table 8-26 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in White Alice Creek, Cannikin Site 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance llmlts (UTL) unless otherwise noted. 
Thls metal was not detected in a sufficient number of reference stream samples to allow calculetbn of a valid UTL. The 
concentration shown is the maximum detected concentratlon In the appropriate background samples. 
Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limil, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mgikg -Milligrams per kilogram 
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Table B-27 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. 1 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table B-27 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. I 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
pg/L - Micrograms per liter 
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Table B-28 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Stream No. 1 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table 8-28 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Stream No. 1 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

" Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 
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Table B-29 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. 2 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-29 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. 2 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Metals 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
pglL - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table B-30 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Stream No. 2 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-30 
Summary of Analytical Results and Ecologleal Risk Assessment Screening 

For Sediment In Reference Stream No. 2 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, whkh are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 
Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limb, whlch Is shown in parentheses. 
NA - Not applicable 
NAN -Not analyzed 
NAV - Not available 
mgikg - Milligrams per kilogram 
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Table B-31 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. 3 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-31 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. 3 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless othelwise noted. 
This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

NA - Not applicable 
NAN - Not Analyzed 
NAV - Not Available 
ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses 
pglL - Micrograms per liter 
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Table B-32 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Stream No. 3 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchhitka HHERA Page 1 of 2 July 2003 



Table 8-32 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Stream No. 3 
Mud Pit Release Sites 

Amchitka Island, Alaska 

' Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
' This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 

concentration shown is the maxlmum detected concentfation in the appropriate background samples. 
Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limit, whkh is shown In parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mglkg - Milligrams per kilogram 

Final Amchhttka HHERA Page 2 of 2 July 2003 



Table 8-33 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. 4 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table 8-33 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Stream No. 4 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
  his metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
vglL - Micrograms per liter 
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Table 6-34 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Stream No. 4 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Arnchitka HHERA Page 1 of 2 July 2003 



Table 8-34 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Stream No. 4 
Mud Pit Release Sites 

Amchitka Island, Alaska 

a Backgmund concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless oU~erwise noted 
This metal was not detected in a sufRcient number of reference swam samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

" Screening concentration based on 1 % organic carbon 

ND - Anawe not detected at a concentration above the reporting lirnil, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV -Not available 
mglkg - Milligrams per kilogram 
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Table B-35 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Pond 
Mud Pit Release Sites 

Amchitka Island, Alaska 
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Table B-35 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Surface Water in Reference Pond 
Mud Pit Release Sites 

Amchitka Island, Alaska 

" Background concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
This metal was not detected in a saclent number of reference stream samples to allow calculation of a valid UTL. The 
concentration shown is the maximum detected concentration in the appropriate background samples. 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
pg1L - Micrograms per liter 

Final Amchitka HHERA Page 2 of 2 July 2003 



Table 8-36 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Pond 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Final Amchitka HHERA Page 1 of 2 July 2003 



Table B-36 
Summary of Analytical Results and Ecological Risk Assessment Screening 

For Sediment in Reference Pond 
Mud Pit Release Sites 

Amchitka Island, Alaska 

Backgmund concentrations, which are presented only for metals, are upper tolerance limits (UTL) unless otherwise noted. 
' This metal was not detected in a sufficient number of reference stream samples to allow calculation of a valid UTL. The 

concentration shown k the maximum detected concentration in the appropriate background samples. 
" Screening concentration based on 1% organic carbon 

ND - Analyte not detected at a concentration above the reporting limit, which is shown in parentheses. 
NA - Not applicable 
NAN - Not analyzed 
NAV - Not available 
mgkg - Mill~rams per kilogram 

Final Arnchitka HHERA Page 2 of 2 July 2003 
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APPENDIX D 

Sediment Triad Sample Location Maps 


















