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Executive Summary

The Long-Term Surveillance and Maintenance (LTS&M) Plan for the U.S. Department of
Energy (DOE) Office of Legacy Management (LM) Amchitka Island sites describes how LM
plans to conduct its mission to protect human health and the environment at the three nuclear test
sites located on Amchitka Island, Alaska.

Amchitka Island, near the western end of the Aleutian Islands, is approximately 1,340 miles
west-southwest of Anchorage, Alaska. Amchitka is part of the Aleutian Island Unit of the Alaska
Maritime National Wildlife Refuge, which is administered by the U.S. Fish and Wildlife Service
(USFWS). Since World War II, Amchitka has been used by multiple U.S. government agencies
for various military and research activities. From 1943 to 1950, it was used as a forward air base
for the U.S. Armed Forces. During the middle 1960s and early 1970s, the U.S. Department of
Defense (DOD) and the U.S. Atomic Energy Commission (AEC) used a portion of the island as
a site for underground nuclear tests. During the late 1980s and early 1990s, the U.S. Navy
constructed and operated a radar station on the island.

Three underground nuclear tests were conducted on Amchitka Island. DOD, in conjunction with
AEC, conducted the first nuclear test (named Long Shot) in 1965 to provide data that would
improve the United States’ capability of detecting underground nuclear explosions. The second
nuclear test (Milrow) was a weapons-related test conducted by AEC in 1969 as a means to study
the feasibility of detonating a much larger device. Cannikin, the third nuclear test on Amchitka,
was a weapons-related test detonated on November 6, 1971. With the exception of small
concentrations of tritium detected in surface water shortly after the Long Shot test, radioactive
fission products from the tests remain in the subsurface at each test location.

As a continuation of the environmental monitoring that has taken place on Amchitka Island since
before 1965, LM in the summer of 2011 collected biological and seawater samples from the
marine and terrestrial environment of Amchitka Island adjacent to the three detonation sites and
at a background or reference site, Adak Island, 180 miles to the east. Consistent with the goals of
the Amchitka LTS&M Plan, four data quality objectives (DQOs) were developed for the 2011
sampling event, as follows:

o The first objective was to collect selected marine flora and fauna, lichen, soil, and marine
sediment and analyze the samples for test-related radionuclides to determine if subsistence-
and commercial-catch seafood is safe to eat.

e The second objective provided the rationale for using biota data from the first objective for
input in the RESRAD-BIOTA code to analyze the potential ecological risks from the
radionuclides.

e The third objective supported the collection of tritium data in seawater.

o The fourth objective supported the collection of reindeer lichen and soil beneath the lichen
and marine sediment and to analyze for cesium-137 (**'Cs).

Samples were analyzed for test-related radionuclides; americium-241 (241Am), 137Cs,
plutonium-239 (**Pu) and -240 (**’Pu), and tritium as well as uranium-234 (**U), -235 (**°U),
and -238 (***U). In planning for the 2011 sampling event, a group of stakeholders representing
the federal government, the State of Alaska, and the Aleutian Pribilof Island Association,
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collectively called the Amchitka Working Group, selected 14 biological species for analysis.

A similar sampling event was conducted at Adak, which is used as a background or reference
area unaffected by the underground nuclear tests at Amchitka. The previous investigations

used the island of Kiska, Alaska, as the background or reference area, but the Amchitka
Working Group decided that Adak would be a technically suitable reference or background
location for the 2011 sampling event. The species sampled were identified based on diet
information representing some of the subsistence- and commercial-catch seafood in the western
Aleutian Islands.

Biological sampling began June 20, 2011, and continued through July 21, 2011. Two ocean-
going research vessels provided the logistical support for the biological and seawater sampling
operations. Biological sampling operations varied from personnel collecting samples from the
island and along the shoreline to scientific divers performing two dives a day to collect the
majority of the biological samples. Overall, a total of 350 biological samples and 166 seawater
samples were collected.

The ranges of radionuclides measured in marine species and other media sampled during the
2011 monitoring program are summarized in Table ES-1.

A statistical comparison of the data collected from Amchitka and Adak (the reference location)
indicates that the concentrations of nuclides are statistically consistent to each other. Overall,
there is a pattern toward slightly higher concentration at the Amchitka site. The measures that
seem to show the most deviation have limited data above the detection limits.

To address the first DQO, risk calculations were done using tissue data from the various
seafood species collected in 2011 from Amchitka and Adak. A range of Aleut diets (based on
published surveys of four villages) and a composite diet were used as dietary intake information
for the risk estimates. The estimates for the five diets indicate that overall potential risks from
the ingestion of seafood are similar and are at 2 x 10> (2 in 100,000) or lower (i.e., within the
U.S. Environmental Protection Agency’s acceptable risk range of 1 x 10 °to 1 x 10 [1 in
1,000,000 to 1 in 10,000]). The primary contributors to the risk estimates are the B7Cs and
23423 and U concentrations.

The risk estimates using Amchitka data are higher by 1 x 10°° (1 in 1,000,000) than those using
Adak data. This difference is lower than the 1 x 10> (1 in 100,000) risk level used by the State
of Alaska as the benchmark for acceptable risk. Hence, based on the 2011 data collected for
Amchitka and Adak, seafood harvested at Amchitka and Adak is considered safe for
consumption at the intake levels for each of five diets evaluated. In addition, the increased
cesium concentrations detected in the samples, due to the Fukushima Dai-ichi event, have not
resulted in unacceptable risk levels from the ingestion of these seafoods.

For the second DQO, representative radionuclide concentrations in seawater, obtained from
sampling data for nine marine species, were used as input to the RESRAD-BIOTA code for
comparison with Biota Concentration Guidelines (BCGs) for water. The sum of ratios of
radionuclide concentrations to BCGs was much lower than the threshold value of 1 and far
below the potential radiation dose to marine species of 0.1 rad/day; therefore, no further analysis
was required.
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Table ES-1. Ranges of Radionuclides Measured in Marine Species and other Media: 2011 Monitoring

Species 1370g 2418 239p,| 240p,, 234 235 238

Dragon kelp

Amchitka (n=27) | 0.24-3.2 | 0.003-0.033 | 0.003-0.16 | 0.007-0.13 | 12.4-44.6 | 0.41-1.5 | 9.6-354

Adak (n =18) 0.2-2.0 0.006-0.027 | 0.014-0.11 0.01-0.09 | 7.3-46.8 | 0.27-1.6 | 6.3-38.2
Sea urchin

Amchitka (n = 9) 1.8-9.9 0.08-0.2 0.033-0.09 |<0.02-0.065 | 16.7-26.4 | 0.57-0.83 | 13.5-19.5

Adak (n = 6) 2.7-9.4 0.07-0.12 <0.04-0.07 ND (<0.04) | 17.4-28.5|0.20-0.83 | 4.7-19.3
Horse mussel

Amchitka (n = 9) 5.9-<44 0.11—-<04 0.1-<2.0 ND (<1.0) |23.4-80.8 | 0.53-2.9 | 12.2-671

Adak (n = 6) 3.4-15 0.09-0.15 0.073-<0.2 ND (<0.1) 9.7-49.8 | 0.29-1.8 | 6.8-41.1
Chiton

Amchitka (n = 9) 1.6-4.1 0.07-0.14 0.03 —<0.07 | ND (<0.04) | 5.0-32.4 | 0.12-1.1 2.9-26.8

Adak (n = 6) 0.8-1.3 0.017-0.08 <0.03-0.06 ND (<0.03) | 5.1-32.5 | 0.15-0.99 | 3.6-23.2
Rockfish

Amchitka (n = 26) 1.1-6.4 0.009-0.07 ND (<0.06) ND (<0.03) | 2.3-19.5 | 0.08-0.60 | 1.9-14.2

Adak (n=15) —9.4 ND (<0.02) ND (<0.06) ND (<0.03) | 1.3-13.4 | 0.04-0.48 | 1.0-11.4
Greenling

Amchitka (n = 27) 1.9-7.8 0.03-0.05 0.018-<0.08 | ND (<0.04) | 2.5-11.4 | 0.08-0.39 1.8-9.1

Adak (n = 18) 0.9-7.4 0.009-0.033 ND (<0.07) ND (<0.04) | 2.0-10.7 | 0.05-0.31 1.1-7.3
Irish lord

Amchitka (n = 27) 1.2-9.5 0.006-0.05 ND (<0.08) ND (<0.04) | 3.0-19.3 | 0.09-0.68 | 2.0-16.1

Adak (n = 18) 1.8-13 <0.003-0.03 ND (<0.07) ND (<0.04) 1.9-16 | 0.06-0.55 1.5-13
Octopus

Amchitka (n = 3) 0.23-2.1 0.009-0.019 | 0.027-0.031 | ND (<0.03) | 10.6-21.8 | 0.37-0.77 | 8.5-18.1

Adak (n=1) 0.7 0.015 0.02 ND (<0.01) 13.6 0.45 10.7
Pacific cod

Amchitka (n = 3) 2.1-3.8 | ND(<0.003) | ND(<0.01) | ND(<0.003) | 2.5-3.0 |0.03-0.09 | 0.8-2.1

Adak (n = 2) 2.0-3.0 ND (<0.001) ND (<0.01) | ND (<0.003) 1.9 | 0.05-0.06 1.2-14
Halibut

Amchitka (n = 3) 0.82-1.5 ND (<0.001) ND (<0.01) | ND (<0.003) | 0.6—<1.6 | 0.01-0.03 | 0.2-0.65

Adak (n=1) 1.0 | ND (<0.001) ND (<0.01) | ND (<0.003) 1.6 0.04 0.86
Rockweed

Amchitka (n = 27) 1.3-5.8 0.003-0.011 | 0.002-0.012 | 0.005-0.008 | 35.0-144 | 1.2-5.1 29-121

Adak (n = 18) 1.0-7.3 0.006-0.015 | 0.002-0.019 |0.006-0.011 | 45.5-144 | 1.6-5.1 37-120
Reindeer lichen

Amchitka (n = 3) | 404-1523

Adak (n = 3) 2855-6236
Gull eggs

Amchitka (n = 1) 4.2 ND (<0.008) ND (<0.03) ND (<0.02) 0.6 0.0007 0.015
Dolly Varden

Amchitka (n = 1) 98 | ND(<0.001) | ND(<0.01) | ND (<0.01) | ND (<1.3) 0.01 0.23

Adak (n=1) 447 | ND(<0.003) | ND(<0.01) | ND (<0.01) 0.9 0.02 0.36
Soil

Amchitka (n = 3) 312-6110

Adak (n = 3) 1135-7264
Sediment

Amchitka (n = 2) 11.9-36.3

All units in picocuries per kilogram (pCi/kg) wet weight except for soil and sediment, which are reported in dry weight.
Maximum values listed are the maximum reported, even if below the minimum detectable concentration (MDC)
(U-flagged). For example, the maximum 37Cs for horse mussel on Amchitka listed above (44U pCi/kg) was below the

MDC, vs. the maximum detected result of 14 pCi/kg.
ND — Not Detected (all results <MDC). Reindeer lichen, soil, and sediment analyzed for '*'Cs only.
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For the third DQO, samples were collected in 2011 to develop a baseline of tritium
concentrations for seawater near Amchitka and Adak. Previous studies and contaminant transport
modeling predict that trittum will be the leading indicator of migration from the detonation
points. Therefore, this study used low detection levels and targeted the most likely locations to
obtain a baseline for tritium in seawater at Amchitka. The results showed that the activity of
tritium in the marine environment surrounding Amchitka and Adak is similar to that resulting
from global fallout from nuclear testing and natural tritium levels in the northern hemisphere.
The data from the 2011 sampling event are in agreement with previous sampling results.
Amchitka Island tritium levels from the 2011 sampling event ranged from 1.2 to 2.8 picocuries
per liter.

For the fourth DQO, "*’Cs was measured in the reindeer lichen and soil on Amchitka and Adak.
The data will provide perspective to long-term baseline data considered for Amchitka and Adak.
The "*’Cs concentrations varied significantly among different samples, especially '*'Cs
concentrations in soil beneath the lichen, for which the maximum values were 5-20 times higher
than the minimum values. The lichen and soil beneath the lichen showed that '*’Cs levels in
Adak were higher than the levels in Amchitka. The concentrations of '**Cs in samples collected
from Amchitka and Adak indicate that atmospheric transport of airborne contamination from the
Fukushima Dai-ichi event may have contributed to the levels detected.
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1.0 Introduction

1.1 Amchitka Island History

Amchitka Island, near the western end of the Aleutian Islands, is approximately 1,340 miles
west-southwest of Anchorage, Alaska (Figure 1). Amchitka is part of the Aleutian Island Unit of
the Alaska Maritime National Wildlife Refuge, which is administered by the U.S. Fish and
Wildlife Service (USFWS). Since World War I, Amchitka has been used by multiple

U.S. government agencies for various military and research activities. From 1943 to 1950, it was
used as a forward air base for the U.S. Armed Forces. During the middle 1960s and early 1970s,
the U.S. Department of Defense (DOD) and the U.S. Atomic Energy Commission (AEC) used a
portion of the island as a site for underground nuclear tests. During the late 1980s and early
1990s, the U.S. Navy constructed and operated a radar station on the island.

Three underground nuclear tests were conducted on Amchitka Island. DOD, in conjunction with
AEC, conducted the first nuclear test (named Long Shot) in 1965 to provide data that would
improve the United States’ capability of detecting underground nuclear explosions. The second
nuclear test (Milrow) was a weapons-related test conducted by AEC in 1969 as a means to study
the feasibility of detonating a much larger device. Cannikin, the third nuclear test on Amchitka
was a weapons-related test detonated on November 6, 1971. With the exception of tritium
detected in surface water in several locations shortly after the Long Shot test, radioactive fission
products from the tests remain in the subsurface at each test location.

The U.S. Department of Energy (DOE) Office of Legacy Management (LM) retains
responsibility for those areas on Amchitka Island that were agreed to in the 2001 Letter of
Agreement between USFWS and DOE (DOE 2001). As detailed in the USFWS Remedial
Action/Removal Action Environmental Assessment Finding of No Significant Impact
(USFWS 2000), LM has responsibility for portions of the island where drilling mud is
encapsulated in engineered disposal cells. LM has long-term surveillance and maintenance
(LTS&M) responsibility for three underground test sites and seven surface-closed sites where
drilling mud is stored.

The Long-Term Surveillance and Maintenance Plan for the U.S. Department of Energy
Amchitka, Alaska, Site (DOE 2008) describes how LM intends to fulfill its mission to maintain
protection of human health and the environment and fulfill its obligations for LTS&M at
Amchitka. The LTS&M Plan is reviewed and updated, if necessary, every 5 years by LM.
Surface remediation has been accomplished through capping the mud pits and closing the asphalt
tanks in place. The Alaska Department of Environmental Conservation (ADEC) has accepted
this work as being protective of human health and the environment (ADEC 2004).

Radioactive fission products remain in and around the subsurface cavities formed by the nuclear
tests. Data collected since the detonations do not indicate that radionuclides have migrated into
the accessible environment. Other than small quantities of radionuclides from Long Shot, there
was no exposure to humans or the environment from the detonations (Merritt and Fuller 1977;
DOE 1982; DOE 2000; Dasher et al. 2002; CRESP 2005; Burger et al. 2006; Burger et al. 2007a
and 2007b). No feasible technology exists for removing the subsurface radioactivity associated
with the nuclear test cavities; therefore, LM conducts monitoring near these sites to protect the
public safety.
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Computer modeling has indicated that over time, some of the subsurface residual radionuclides
will migrate away from the blast cavities and may eventually reach the near-surface marine
environment (DOE 2002b). Breakthrough of radionuclides to the marine environment is not
expected for more than 2000 years (Hassan and Chapman 2006).

The potential for residual radionuclide release and the fact that Aleuts living in the Aleutian
Islands harvest fish and other subsistence foods from this area and commercial fisheries operate
in the area are the basis for the biological and terrestrial sampling conducted on Amchitka and
Adak Islands during the late spring and early summer of 2011. LM wants to assess the possibility
that selected residual radionuclides from the nuclear tests conducted on Amchitka Island might
be entering the marine food chain, resulting in potential ecological and human health effects.

1.2 Previous Environmental Studies

This section summarizes previous scientific studies performed on and around Amchitka that
were similar in purpose to the 2011 sampling event.

The Environment of Amchitka Island, Alaska (Merritt and Fuller 1977) is a multidisciplinary
work that provides a concise review of the geology, ecology, and radionuclides in air, water, and
biota with an emphasis on “the search for and identity of radionuclides of Amchitka origin in the
samples and [contributing] to the general knowledge of the distribution of radionuclides in the
environment.” This evaluation found no evidence that any test-related radionuclides had escaped
from the three underground nuclear test sites at Amchitka except for trace quantities of
radionuclides, principally tritium, in water and soil gas samples taken in the immediate vicinity
of the Long Shot test.

The Amchitka Radiobiological Program began in 1970 and continued through 1979. The
program’s principal objective was to collect biological and groundwater samples for
radiobiological analyses and to determine the extent of radionuclide contamination from
worldwide atmospheric fallout and from the detonation of the three underground nuclear tests on
Amchitka. Migration of radionuclides from the underground test sites would be suspected if the
concentration of radionuclides were significantly greater than could be attributed to worldwide
fallout or if an unexpected assemblage of radionuclides were detected. In the Amchitka
Radiobiological Program Final Report July 1970 to December 1979 (DOE 1982), it was
determined that no radionuclides from the underground sites were detected, except for tritium
from the Long Shot test, which produced increased tritium concentrations in surface water and
freshwater plants near the site.

The Long Term Hydrologic Monitoring Program (LTHMP) monitored Amchitka radioactivity
levels in groundwater as part of the Off-Site Environmental Monitoring Program for the Nevada
Test Site and Other Test Areas Used for Underground Nuclear Detonations. Amchitka
monitoring under this program began in 1977, and since then, sampling occurred from 1977
through 1989 and in 1991, 1993, 1997, and 2001. The U.S. Environmental Protection Agency
(EPA) carried out this program and monitored Amchitka to measure levels and trends of
radioactivity in the offsite environment surrounding the test areas to ensure that radioactivity
levels are below existing radiation protection standards.
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In 1997, the LTHMP at Amchitka included radiobiological sampling and analysis. These
samples were collected because of a survey of selected aquatic biota that Greenpeace conducted
on the island (Greenpeace 1996). Greenpeace speculated that several long-lived manmade
radionuclides were migrating into the surface environment from nuclear test cavities several
thousand feet below the surface of the island (DOE 2000). The results of the 1997 LTHMP
radiobiological sampling indicated there was no evidence of migration from the underground
test cavities into the terrestrial or freshwater environments on Amchitka (DOE 2000;

Dasher et al. 2002).

In 2004, the Consortium for Risk Evaluation and Stakeholder Participation II (CRESP), a group
of independent universities, prepared the Amchitka Independent Science Assessment: Biological
and Geophysical Aspects of Potential Radionuclide Exposures in the Amchitka Marine
Environment (CRESP 2005). The CRESP study concluded that the foods consumed by humans
are safe with respect to radionuclides, levels of radionuclides are well below published human
health risk guidance levels, and data collected do not suggest that radionuclides in biota collected
from Amchitka are attributable to the Amchitka test shots.

1.3 Stakeholder Participation

Amchitka Island is within the Aleutian Island Unit of the Alaska Maritime Refuge, created
through an executive order by President William Howard Taft in 1913. LM has a Memorandum
of Understanding with USFWS, the purpose of which is to define the roles and responsibilities of
both agencies, specify the means of access to and egress from Amchitka, and explain how LM
will exercise institutional controls. USFWS issued access permits to LM in conjunction with the
2011 monitoring and sampling events.

LM provides a financial assistance grant to ADEC and regularly meets with representatives from
ADEC, which has partnered with the University of Alaska Fairbanks (UAF) to obtain technical
support on the Amchitka project. LM collaborated with ADEC, UAF, and others to plan the
2011 sampling event. UAF provided technical assistance, and the UAF marine biology team
supported the 2004 CRESP and 2011 sampling events by providing the scientific diving team
that collected the biological samples from the marine environment.

LM provides a financial assistance grant to Aleutian Pribilof Islands Association Inc. (APIA).
APIA is the federally recognized tribal organization of the Aleut people in Alaska and is an
important component of the LM mission at Amchitka. APIA represents the interests of the
Aleuts and assists LM with communications with the Aleut people and ADEC. APIA participates
in developing work scope related to the LM mission on Amchitka, participates in regular
planning meetings, and assisted with sample collection during the 2011 sampling event.

LM, ADEC, USFWS, and APIA, constitute the Amchitka Working Group. Additionally, LM
retained Argonne National Laboratory (ANL) through a work order to help develop the
biological Sampling Plan (DOE 2011) and provide technical support with data analysis, risk
assessment (human health and ecological), and other technical issues, as required. ANL provided
assistance with the sample collection during the 2011 sampling event and the data analysis and
human health and ecological risk evaluation (Sections 6 through 9 of this report).
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LM also retained Lawrence Livermore National Laboratory (LLNL) through a work order to
provide support in the radionuclide analysis of the biological samples collected in 2011. The
University of Miami Rosenstiel School of Marine and Atmospheric Science provided tritium
data on all seawater samples collected.
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2.0 Purpose of Report

2.1 Data Quality Objectives

LM, in conjunction with representatives from the Amchitka Working Group, ANL, and LLNL,
met in late 2010 to plan for the 2011 sampling event. Their collaborative work resulted in the
Sampling Plan for the Amchitka, Alaska, Site 2011 Sampling Event (DOE 2011), which outlined
the following four sets of data quality objectives (DQOs) that provided the rationale for the
2011 sampling effort.

1. To ensure that subsistence- and commercial-catch seafood near Amchitka is safe to eat, the
presence of selected (test-related) radionuclides will be determined from 14 marine plant and
biological species.

2. The results from DQO #1 will be entered into the RESRAD-BIOTA code to analyze the
potential ecological risks from the radionuclides of interest.

3. Tritium data will be determined from seawater samples collected to establish a baseline
tritium concentration in seawater.

4. Cesium-137 (**'Cs) data will be determined from reindeer lichen, soil beneath the lichen, and
marine sediment to establish baseline '*’Cs concentrations in reindeer lichen, soil beneath the
lichen, and marine sediments.

This report summarizes the work that was performed in the collection of the data to meet these
DQOs, presents the results of the laboratory analyses from all the samples collected, and
provides an evaluation of the ecological health of the Amchitka and Adak environments.

2.2 Objective of the Sampling Event

The objectives of this sampling program are to examine the concentrations of a selected group of
radionuclides in selected microalgae, invertebrates, fish, gull eggs, and sediments in the
terrestrial and marine ecosystem on and adjacent to Amchitka Island and to compare the results
to the reference site of Adak Island. Interspecific (differences between species) and interisland
changes in radionuclide concentrations have been evaluated, and the data have been entered into
a database for the continued development of a baseline for past and future comparison and to
assess whether the radionuclide concentrations found in the ecosystems of Amchitka and Adak
Islands are similar to those found in other parts of the Northern Hemisphere.

To meet the objective of qualitatively comparing the 2011 data to the 2004 data, the sampling
locations were in the same general areas as those included in the CRESP sampling event with
one exception: Adak Island, instead of Kiska Island, was chosen to be the new reference
location. The Amchitka Working Group selected Adak as the reference location for the

2011 sampling event because Adak is easier to access for sampling purposes. It was expected
that, like Kiska, data from Adak would be representative of an area considered to be not
influenced by the underground tests conducted at Amchitka and would therefore provide data
useful for comparison with the Amchitka data.

For the samples collected during the 2011 sampling event, LLNL provided analytical methods
with adequately low detection limits to measure the baseline activities of radionuclides in
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important biological media, ocean-bottom sediments, and seawater. The radionuclides analyzed
were °’Cs, americium-241 (**' Am), plutonium-239 (**°Pu), plutonium-240 (**°Pu), uranium-234
(***U), uranium-235 (**°U), and uranium-238 (>**U).

LM also collected baseline data on tritium (*H) in seawater off the shoreline of the Cannikin site,
and reindeer lichen and soil beneath the lichen were also collected and tested for "*'Cs.
Following the atmospheric releases from the Fukushima Dai-ichi nuclear power plant in

March 2011, the Amchitka Working Group questioned whether these releases might affect the
ability to interpret background activity concentrations of target radionuclides from the Amchitka
2011 sampling event. Therefore, reindeer lichen and soil beneath the lichen were also tested for
cesium-134 (**Cs).
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3.0  Description of Sampling

3.1 Location and Sampling Sites

The Amchitka and Adak sample locations are shown in Figure 2 and Figure 3, respectively.
Adak Island, located approximately 200 miles east of Amchitka Island, was selected as the
reference location (DOE 2011) for the 2011 sampling event.

Figure 4 through Figure 8 show the locations of the individual samples collected from the three
sites on Amchitka and two areas on Adak. These figures also show the overnight anchorage
location of the Research Vessel (R/V) Norseman during sampling activities. The R/V Norseman
provided logistical support during the 2011 biological sampling event. As set forth in the
biological Sampling Plan (DOE 2011), each sampling location consists of two separate areas—
the shoreline transect and the 2-mile limit. For each sampling location, the shoreline transect
extends from the shoreline to approximately 1,000 feet into the ocean and for approximately

3 miles along the shoreline. This 3-mile transect is broken into three separate transects, each
approximately 1 mile in length. The shoreline transect is where the divers collected the
biological species identified in the Sampling Plan as well as marine sediment. Sampling
personnel working from the ship also employed hook-and-line fishing for fish in the shoreline
transects. In addition, the terrestrial sampling team worked along the shoreline transects to
collect littoral zone samples of algae.

In addition to the three transects at each of the five sites, a fourth transect extending 2 miles
away from the shoreline at each of the five sites was employed. The 2-mile limit extended

2 miles into the ocean from the shoreline and was not divided into smaller transects. Sampling
personnel at the 2-mile limit employed hook-and-line fishing to collect samples of rockfish,
greenling, and/or Irish lords, halibut, and Pacific cod from the fantail of the R/V Norseman.

As depicted in Figure 4 through Figure 6, actual sample collection locations from the three areas
on Amchitka conformed reasonably well to the sampling locations proposed in the Sampling
Plan. However, the geographic features of Adak—a rugged coastline deeply indented by fiords,
and coastline erosion that has created imposing cliffs as much as 2,500 feet above sea level—
prevented access to some of the proposed sampling locations. As a result, each of the three
transects along both the north and south sides of Adak were more spread out along the island’s
coastline, as shown in Figure 7 and Figure 8. Coordinates of sampling locations were obtained
from the GPS units managed by the individual sampling teams. In some instances the
coordinates mark the beginning and end of the transect, not each individual location where
multiple samples of the same species were collected. Several individual samples may have been
picked up at various locations along the same transect. For the final location to be depicted on
the figure, either the beginning or the end transect location was chosen as the location placed on
the figure for that composite sample.

Figure 9 shows the locations where seawater samples were collected off the coastline of the
Cannikin site. The majority of the samples were collected from the deck of the R/V Ocean
Pioneer during the vessel’s support of the terrestrial inspection of the seven earthen caps on
Amchitka. The seawater samples that were closer into the shoreline and not easily accessible by
the larger R/V Ocean Pioneer were collected from the smaller R/V Norseman and from skiffs.
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Figure 5. Long Shot Sample Locations
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Figure 6. Cannikin Sample Locations
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Figure 8. Adak South Sample Locations
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Figure 9. Cannikin Seawater Sample Locations



Additional seawater samples were collected by divers within 1 meter of the seabed off the
coastlines of Cannikin, Long Shot, and Milrow sites, as well as the northeast and southeast
coastlines of Adak. Divers also collected marine sediment from the seabed from these same
general areas.

Finally, sampling personnel collected gull eggs and reindeer lichen and soil beneath the lichen at
random locations across both islands. No gull eggs were collected from Adak Island because
either the eggs had already hatched or local island residents had collected them.

3.2 Sample Types

Results of biota sampling conducted by CRESP in 2004 indicate that concentrations of target
radionuclides in biota (including subsistence- and commercial-catch species) are sufficiently low
that the species are safe for human consumption (CRESP 2005), and the CRESP data do not
suggest that radionuclides in biota collected from Amchitka are attributable to the Amchitka test
shots. Subsistence- and commercial-catch species near Amchitka continue to be harvested for
consumption; therefore, the species that are likely to be a food source were targeted for sampling
in 2011 to verify that these species continue to be safe to eat. Reindeer lichen was sampled
because it is a good indicator species for the uptake of '*’Cs in the local environment.

The following biological species were selected for sampling during 2011. Appendix A provides
pictures of these species.

e Dragon kelp (Eualaria fistulosa),

e Rockweed (Fucus distichus),

e Reindeer lichen (Cladina reindeer lichen),

e Gumboot or Pacific chiton (Cryptochiton stelleri),

e Horse mussel (Modiolus modiolus),

e Sea urchin(Strongylocentrotus polyacanthus),

e Rockfish (Sebastes melanops and S. cilatus),

e Irish lord (Hemilepidotus jordani and H. hemilepidotus),
e Rock greenling (Hexagrammos lagocephalus),

o Pacific halibut (Hippoglossus stenolepis),

e Pacific cod (Gadus macrocephalus),

e North Pacific giant octopus (Enteroctopus dofleini),
e Dolly Varden (Salvelinus malma), and

e Glaucous-winged gull (Larus glaucescens) eggs.

The abbreviated sample names in Figure 4 through Figure 8 can be referenced to the following
standard labeling system for all the samples collected:

[Species or sample material]-[Site Location]-[ Transect Location]-[Sample Number]
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Table 1 shows the labeling system that was used for sample identification.

Table 1. Labeling System

Species/Media to be Sampled Species/Media Identification
Dragon kelp EUAL
Rockweed FUCU
Reindeer lichen STRL
Chiton CHIT
Horse mussel HMUS
Blue mussel BMUS
Sea urchin URCH
Rockfish ROCK
Red or yellow Irish lord ILOR
Rock greenling GREN
Halibut HALI
Pacific cod PCOD
Octopus OCTP
Dolly Varden DOLL
Glaucous-winged gull eggs GWGU
Seawater SEAW
Marine sediment SEDI
Soil SOIL

Site Location Location Identifier
Amchitka Island Al
Adak Island AD
Cannikin CN
Long Shot LS
Milrow ML
Adak, North AN
Adak, South AS
Transect Location Transect Identifier
Cannikin CT1, CT2,CT3, and C2M
Long Shot LT1,LT2, LT3, and L2M
Milrow MT1, MT2, MT3, and M2M
Adak, North ANT1, ANT2, ANT3, and AN2M
Adak, South AST1, AST2, AST3, and AS2M
Sample Number

Sample Number | 1-3

3.3 Sample Collection and Preparation

Sampling began the week of June 19, 2011, with the arrival of the inspection and terrestrial
sampling teams on Amchitka Island. The terrestrial sampling team consisted of Doug Dasher
(ADEC), Karen Pletnikoff (APIA), Michael McCoy (APIA), Pauline Melovidov (APIA),

Jason Nguyen (LM), Lauren Goodknight (S.M. Stoller Corporation [Stoller]), and Mary Picel
(ANL). Doug and Karen were the co-leads directing the terrestrial sampling efforts. Rockweed,
reindeer lichen, the soil beneath the lichen, gull eggs, and Dolly Varden were collected from the
designated sampling areas along the shoreline where pedestrian access was possible (rockweed),
Cannikin Lake (Dolly Varden), and opportunistically (gull eggs, reindeer lichen, and soil beneath
the lichen) across Amchitka. The Amchitka terrestrial sampling was completed by noon on
Friday, June 24, 2011. The majority of the seawater samples were collected from the deck of the
R/V Ocean Pioneer on the afternoon and evening of Friday, June 24, 2011. The Ocean Pioneer
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arrived back in Adak on Sunday, June 26, and all samples were shipped out on Alaska Airlines
to LLNL, the Tritium Laboratory at the University of Miami Rosenstiel School of Marine and
Atmospheric Science in Miami, Florida, or the University of Alaska Anchorage that same day.

The terrestrial sampling on Adak Island began Sunday, June 26, and was completed on
Wednesday, June 29. The samplers collected the lichen and soil beneath the lichen and collected
Dolly Varden from lakes but were unable to collect samples of either rockweed or gull eggs on
Adak. There are no roads to the island’s coastline and thus no access to the proposed sampling
locations. Also, apparently local residents collect gull eggs for personal consumption, and the
sampling team was unable to locate any. All samples collected on Adak were shipped out on
Alaska Airlines to LLNL on Thursday, June 30.

The R/V Norseman, the vessel chartered for the biological sampling, arrived at Sweepers Cove
pier, Adak Island, on Wednesday, June 29. The dive team arrived via Alaska Airlines the
following day. The scientific dive team from UAF included divemaster Stephen Jewett and
divers Heloise Chenolet, Max Hoberg, Jared Weems, and Shona Snater. Also along as part of
UAF’s dive team were Piotr Kuklinski from the Institute of Oceanology Polish Academy of
Sciences, David Scheel from the Alaska Pacific University, and a contract diver, Roger Clark.
The scientific team aboard the R/V Norseman included Mark Kautsky, LM’s site manager,
Paul Darr, Stoller’s project manager, Karen Pletnikoff and Michael McCoy from APIA,
Lauren Goodknight, Stoller’s sample coordinator, and Marty Dombrowski, Stoller’s
videographer.

Biological sampling activities began July 1 and continued through July 21. Typically, dive
operations occurred twice a day, once in the morning and once in the afternoon. There were three
sites containing three transects each on Amchitka Island and two sites containing three transects
on Adak Island. As the biological sampling project progressed, the dive teams were usually able
to collect enough of all the specimens required from each transect during a period of two dives.
The divers were limited to diving to a depth of 65 feet (20 meters); therefore, all samples were
collected at depths less than 65 feet. The scientific team fished from the deck of the

R/V Norseman to collect samples of the larger fish such as the Irish lords, greenlings, black
rockfish, dusky rockfish, Pacific cod, and halibut.

With the exception of one rockfish duplicate from Milrow, all species proposed to be collected
from Amchitka Island were collected. All species proposed to be collected from Adak Island
were collected with the exception of one halibut and an octopus from south Adak Island and four
rockfish from north Adak Island (one each from the three transects and a duplicate). As noted, no
gull eggs were collected from Adak Island.

Where pedestrian access to rockweed was not possible on Amchitka and Adak, the biological
sampling team of Karen Pletnikoff and Michael McCoy collected the rockweed samples from a
skiff at all the remaining transect locations on both islands during times when the divers were
not diving.

The remaining seawater samples off the coastline of the Cannikin site were collected from the
deck of the R/V Norseman or from its skiff.
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Table 2 shows individual species collected, the number of samples of each species collected, and
the average weight of the individual, or composited, prepared sample.

Table 2. Sample Collection Information

Average Total
Speci S_ample Wet Weight N“’T"‘.’e’ of Total Number
pecies Weight Needed Individual a
(kg) per Sample Samples of Samples
(kg) per Species
Ocean Sampling
Dragon kelp 5 5.4 55 55°
Gumboot chiton 0.5 0.59 40 15
Horse mussel 0.1 0.48 164 15
Sea urchin 0.5 0.62 92 15
Octopus 5 3.56 8 4
Black or dusky rockfish 0.5 1.04 47 46
Rock greenling 0.5 0.62 51 50
Irish lord 0.5 0.55 60 45
Halibut 5 5.96 5 5
Pacific cod 5 5.5 11 5
Seawater (diver-collec’[ed)C NA NA NA 50
Seawater (collected from vessel)° NA NA NA 66
Marine sediment NA NA NA 18
Terrestrial Sampling
Rockweed 5 5.53 50 50
Reindeer lichen 0.5 0.65 12 12°
Soil beneath lichen NA 0.45 NA 12°
Gull eggs 2 1.2 12 1
Dolly Varden 3 0.89 34 2
Total number of samples 466

kg = kilogram

NA = Not applicable

@Some samples were composited.

b5 duplicate samples sent to UAF.

¢ Samples sent to University of Miami.
46 duplicate samples sent to UAF.

°6 duplicate samples sent to UAF.

When the dive team and samples were onboard the R/V Norseman after each dive, sample
preparation began. With the help of members from the dive team, R/V Norseman crew, and
certain members of the scientific team, samples were weighed, bagged, and labeled. Table 3
summarizes sampling and handling procedures for each species collected. Appendix B provides
length and weight of samples collected. Once sample preparation was finished, all biological
samples were frozen, and the seawater samples and sediment samples were stored in a cooler in
the ship’s hold.

Upon return of the R/V Norseman to the pier at Sweepers Cove on Thursday, July 21, all
samples were placed into iced coolers with a completed chain-of-custody (COC) form, delivered
to the airport, and shipped on Alaska Airlines to LLNL, the Tritium Laboratory at the University
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of Miami Rosenstiel School of Marine and Atmospheric Science in Miami, or the University of
Alaska Anchorage that same day.

3.4 Sample Chain-of-Custody

The purpose of the COC was to provide documentation of the control and transfer of samples
from the time of sample collection through shipping and receipt by the analytical laboratory. The
COC form and sample labels were generated by the Stoller laboratory coordinator.

When the samples were physically transferred to the commercial carrier, the “Relinquisher”
signed the COC forms and included the date and time of sample transfer. Employees of the
commercial carrier were not required to sign the forms. The laboratory signed the “Received”
blocks on the COC forms with the date and time the samples were received.

Each cooler was banded to ensure the contents were secure and the coolers would not open
during transit. To ensure the integrity of the sample, custody seals were attached to the cooler
openings. The original COC form was placed in a plastic zip bag and included inside one of the
coolers being sent to the laboratory.

An example of a COC form is shown in Appendix C. The COC form contained the following
information:

e  Ticket number

e Data and time sample was collected

o Site

e Location where sample was collected

e Type and number of containers

e  Preservative used on the sample

e Sample matrix

e Type of sample (composite or grab)

e Whether the sample was filtered or unfiltered

e Analyses requested

Amchitka Island, Alaska, Biological Monitoring Report, 2011 Sampling Results U.S. Department of Energy
Doc. No. S08833 September 2013
Page 22



€7 95eqd

€10¢ Joquoydeg

A310ug jo juowaedaq 'S’ N

£€880S "ON 0

synsay Surpdwes | 10g ‘1oday SuriojiuoA [eo130]01g ‘eySe[y ‘PUB[S] eYYIWY

Table 3. Collection and Preparation of Samples

Species Where | Collected By Collection Procedure Onboard Ship Handling/Storage
Ocean Sampling
For each transect, three individual samples Sample bagging and labeling was performed onboard
weighing approximately 5 kilograms (kg) each, or the vessel. The sample was double bagged and
three composited samples if necessary, were labeled twice with a unique location identification
Nearshore | . collected. The holdfast was not collected. number (once inside the bag and once on the outside)
Dragon kelp . Dive team
subtidal and frozen.
A duplicate sample also was collected from one of
the three transects. The duplicate sample was split | The wet weight of each sample collected was recorded
with UAF. in the database.
Nearshore For each transect, whole chiton was collected and a | Labeling and packaging as above.
Chiton . Dive team total combined weight of approximately 0.5 kg per
subtidal )
sample was obtained.
For each transect, the entire horse mussel was Labeling and packaging as above.
N collected and composited; a total combined weight
earshore | .. . .
Horse mussel . Dive team of approximately 0.5 kg per sample was obtained.
subtidal :
Approximately 11 horse mussels were collected
per sample.
For each transect, the entire sea urchin was For each composite sample, the wet weight of
collected and composited, requiring approximately | individual urchins was measured, and the total weight
six specimens per sample. of the sample was calculated. Wide-mouth, 64-ounce
Sea urchin Nearshore | . o oom (02) high-density polyethylene (HDPE) containers
subtidal were used to package the sea urchins.
Labels were attached to the containers, and then the
containers were placed in the freezer.
Divers collected specimens of adequate size The total wet weight of the octopus was measured and
(if possible) within the 2-mile zone. recorded in the database. Prior to the octopuses’ arms
Octobus Nearshore Dive team being severed and discarded, the octopus was
P subtidal humanely euthanized by placing in a freezer. The
remaining portion was bagged, packaged, and labeled
the same as for dragon kelp.
Nearshore For each transect, one to two specimens of each Each fish had its taxonomic identification checked, sex
) Nearshore | collected by dive |species and each transect were collected. determined (if possible), length measured (total or fork
Rockfish, rock . ) . . .
) subtidal team. Offshore length, dependent on the fish species) in centimeters,
greenling, and . .
. and collected by and weight recorded in grams.
Irish lord ;
offshore hook-and-line ) ]
crew. Labeling and packaging same as for dragon kelp.
Halibut Offshore Hook-and-line One fish per sample zone, not transect location, Same as for dragon kelp.

crew

was caught.
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Table 3 (continued). Collection and Preparation of Samples

Species Where | Collected By Collection Procedure Onboard Ship Handling/Storage
Pacific cod Offshore Hook-and-line Up to four fish were caught per sample zone, not Same as dragon kelp.
crew transect location.
Nearshore Wherever soft substrate was encountered, one Sample labels were attached to each bottle, and the
sampling sample of sediment from each transect was lids were wrapped with tape.
Marine sediments |at each Dive team collected. Samples were collected in 1-liter (L)
transect (if HDPE bottles. The samples were kept cool.
possible)
At each From each transect, divers collected three samples | Same as marine sediments.
transect of seawater from approximately one meter above
and at the ocean substrate. The samples were kept cool.
additional |Dive team and
Seawater specified |others from The divers used 1 L HDPE bottles for sample
locations | aboard ship collection.
off
Cannikin
shoreline
Terrestrial Sampling
For each transect, three individual samples Sample bagging and labeling was the same as for
Rockweed Intertidal Land crew weighing approximately 5 kg each of the whole dragon kelp.
plants were collected and composited.
Samples of reindeer lichen were collected by hand | Once the samples are returned onboard, the bags were
to allow separation of any associated debris or placed within a larger bag. Field photos of the lichens
vascular plants. were taken for identification.
At each sampling location, three sample sets, each | Once the necessary collection weight was reached and
. . . set having a wet weight of 0.5 kg, were composited |bagged, the sample bag was labeled twice with a
Reindeer lichen | On-island | Land crew into plastic bags. unique location identification number (once inside the
bag and once on the outside) and frozen.
Soil beneath the lichen was also collected and
placed into one 32 oz HDPE plastic container. Samples of lichen and soil beneath the lichen were split
with UAF.
Repeat the above for sample split with UAF.
Sampling personnel located gull nests on Amchitka, | The weight of the whole egg collected from each
Glaucous-winged and eggs were placed in a 64 0z HDPE container location was recorded in the database.
gull eggs On-island | Land crew and transported back to the ship. The exact location
of each collection site was obtained using global The container was labeled and frozen.
positioning system.
Cannikin Fish were collected from Cannikin Lake and a lake | The fish had taxonomic identification checked, sex
Dolly Varden Lake (also | Hook-and-line on Adak using the hook-and-line process. determined, length measured, and weight recorded.
Y at Adak, if | crew Sample bagging and labeling was the same as for
possible) dragon kelp.




4.0 Laboratory Analysis, Quality Assurance, and
Data Validation Procedures

4.1 Target Radionuclides and Selection Criteria for Methods of Analysis

Previous studies conducted by CRESP on biological aspects of potential radionuclide exposure
in the Amchitka marine environment provided helpful insight into the likely range of observable
radionuclide concentrations in a range of biological species. The aim of the 2011 sampling event
was to optimize the design of the sampling and analysis program to help validate these
measurements and provide a basis for analyzing future trends. A strategic planning process was
laid out with DQOs that identified where and when to collect samples, how many samples
needed to be collected (within practical limitations), and which measurement techniques (and at
what cost) might be best suited to help reduce uncertainties in assessing food safety, fill any
information gaps, and provide adequate detection sensitivity to support future statistical trending
analyses. LLNL scientists also cited the advantages of developing isotope-specific data based on
mass spectrometry to help characterize inputs from different potential source terms. During the
post-planning phase of the 2011 sampling event, some consideration was also given to the
possible complexities in interpreting background activity concentrations of target radionuclides
due to atmospheric releases from the Fukushima Dai-ichi facility. A decision was therefore made
to screen selected samples of soil and lichen for the presence of **Cs by gamma spectrometry.

Table 4 shows a list of recommended radiometric measurement techniques for analysis of target
isotopes with nominal detection limits. The only deployable method outlined in the Sampling
Plan for analysis of marine sediment, soil, and lichen was high-resolution gamma spectrometry.
All (;leler biological samples were to be analyzed for 137Cs, 234U, 235U, 238U, 239Pu, 240Pu,

and " Am.

Table 4. Techniques for Measurement of Target Radionuclide

Analyte Analytical Technique Mir:‘r:?\:ige(t:gtiz;able
¥cs Gas Proportional Beta Spectrometryb 0.3
4y Quadrupole Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 0.003
235 Quadrupole Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 2x10°
238 Quadrupole Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 2x107
239p, Quadrupole Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 0.01
240p, | Quadrupole Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 0.02
Am Alpha Spectrometry 0.03-0.06
* pCi = picocuries
® Gamma spectrometry to be employed for reindeer lichen, marine sediment, and soil
U.S. Department of Energy Amchitka Island, Alaska, Biological Monitoring Report, 2011 Sampling Results
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4.2 Sample Laboratory Preparation Methods

Analytical results of previous sampling events showed that background activity concentrations of
selected target radionuclides in the vicinity of Amchitka Island were at or below levels of
detection. Planning for LM’s 2011 sampling event included placing emphasis on collecting an
adequate number and larger-sized samples to support future trending analysis. The mean sample
dry weight of material for analysis of target radionuclides ranged from 40 grams (g) for horse
mussel to well over 1,000 g for halibut, Pacific cod, dragon kelp, and rockweed. To reduce the
sample mass to a more manageable size for wet chemistry, it was necessary to reduce the volume
of material by combustion in a muffle furnace. Prior to combustion, the biological samples were
dried by lyophilization in an industrial-size freezer. A summary of the laboratory preparation
methods, including the initial sample processing and preparation procedures as well as sample
combustion procedures, is included as Appendix D. Appendix E is the summary of individual
samples’ wet, dry, and ash weights.

4.3 Analytical Methods

The bulk of the '*’Cs analyses were performed at LLNL using gas proportional beta
spectrometry. The remaining samples, including marine sediment, soil, and reindeer lichen,
were analyzed by high-resolution gamma spectrometry. **' Am measurements were performed
at LLNL using alpha spectrometry. Plutonium isotope analyses were performed at LLNL on a
Thermo Electron XSeries quadrupole inductively coupled plasma mass spectrometer (ICP-MS)
fitted with a concentric nebulizer. Uranium isotope analyses were performed at LLNL on a
Thermo Electron XSeries quadrupole ICP-MS fitted with a SeaSpray nebulizer. Tritium
analysis was performed by the Tritium Laboratory at the University of Miami Rosenstiel
School of Marine and Atmospheric Science using the enriched method and low-level gas
proportional counters.

4.4 Quality Assurance and Data Validation

This section is a summary of the quality assurance and data validation process used for the
radiometric analyses. Appendix F provides a detailed discussion of the process. The beta
spectrometry system was calibrated using stock solutions of '*’Cs prepared by serial dilution of
a Standard Reference Material 4233D supplied by the National Institute of Science and
Technology. Data validation procedures included the analysis of archive water samples obtained
under the DOE Mixed Analyte Performance Evaluation Program.

For **' Am, a conservative estimate of the minimum detectable concentration (MDC) was
calculated based on a Stapleton approximation (adopted from EPA 2004) by using the mean
background count rate for the alpha spectrometry system rather than a mean blank count rate.
This approximation was made because a series of 10 replicate blank measurements all returned
a zero count rate in the specific region of interest for **' Am. With this assumption, the largest
number of **' Am counts likely to be observed in a background count was 2, yielding an
estimated MDC for measurement of ' Am by alpha spectrometry of 0.01 picocurie (pCi).

The minimal detectable signal of the ICP-MS instrument for plutonium isotope measurements
was estimated in a fashion similar to that described for uranium isotopes using procedures
adopted from EPA (2004). Based on the standard deviation of 10 reported replicate blank
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measurements, the MDC, defined by units of activity for measurement of #%py and **°Pu by
ICP-MS, is estimated to be around 0.03 and 0.02 pCi, respectively.

The minimal detectable signal of the ICP-MS instrument for uranium isotope measurements was
defined by the standard deviation of 10 reported replicate blank measurements based on a
noncentral #-distribution function, and assuming the variance of the signal between
measurements was approximately constant (using procedures adopted from EPA 2004).
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5.0  Sampling Results

5.1 Database Discussion

LM’s Amchitka and Adak Islands’ environmental data are stored in the LM environmental
database known as SEEPRo (Site Environmental Evaluation for Projects). The Environmental
Support Services Data Management group is responsible for ensuring that LM environmental
data are captured, stored, organized, maintained, and preserved in reliable and accurate condition
so that the data are available for use by other LM organizations.

5.2 Data Presentation

The box plots (also called box-and-whisker plots) in Figure 10 through Figure 21 show the
distributions of results in samples collected from Amchitka and Adak islands, along with
corresponding MDCs. These plots depict the median (central line bisecting the box), the lower
and upper quartiles, the non-outlier range, and outliers. For each species, the corresponding
number of samples collected from Amchitka and Adak islands is listed below the plots. With the
exception of extreme outlier U-flagged results (undetected; values were below the MDC) and
one horse mussel sample HMUS-LS-LT3-1 from Amchitka, box plots were generated using all
data, including U-flagged results. To facilitate interpretation of the box plots, corresponding
tables in Section 6 list detection frequencies and relevant summary statistics.

In the following figures, although all plot components—medians, lower and upper quartiles,

non-outlier raw data, and outliers and extremes—are identified in the legends; the following
introductory schematic provides more detail.
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Source: Statistica 64, Version 10 Electronic Manual (StatSoft Inc.)

U.S. Department of Energy Amchitka Island, Alaska, Biological Monitoring Report, 2011 Sampling Results
September 2013 Doc. No. S08833
Page 29



For this analysis, a data point is considered an outlier if the following conditions hold:
Data point value > UBV + 1.5(UBV — LBV) or data point value < LBV — 1.5(UBV — LBV)
where:

UBV s the upper value of the box in the box plot (75th percentile or upper quartile)
LBV is the lower value of the box in the box plot (25th percentile or lower quartile)

Similarly, a data point is deemed to be an extreme value if:

Data point value > UBV + 3(UBV — LBV) or data point value < LBV — 3(UBV — LBV).

5.3 Cesium-137 Isotope

A full listing of individual measurement data for '*’Cs in vegetation, marine fauna, marine
sediment, and fauna collected during the Amchitka 2011 sampling event is given in Appendix G
(Hamilton et al. 2012b). The data are reported in units of picocuries per kilogram (pCi/kg) wet
weight for vegetation and fauna and in units of picocuries per kilogram dry weight for marine
sediment and soil. All data are decay corrected to the date of sampling. For quick reference, data
are sorted according to species type and location/grid. Gamma spectrometry measurements of
17Cs and "**Cs in marine sediment and soil are based on the <2 millimeter particle size fraction.

The "*’Cs content of marine vegetation and fauna collected across the Adak and Amchitka sites
is shown graphically in Figure 10 and Figure 11. Figure 10 shows *’Cs in selected marine
vegetation and fauna and gull eggs. Figure 11 shows *’Cs in Dolly Varden, lichen, soil beneath
the lichen, and marine sediment.

The *’Cs content of horse mussel from both sites shown in Figure 10 was highly variable, and
excluding data developed for a single sample of gull eggs from Amchitka Island, contained the
highest mean activity concentrations of '*’Cs at both islands. The mean activity concentrations of
97Cs in horse mussel tissue from the Adak and Amchitka sites were 9.2 and 11.4 pCi/kg wet
weight, respectively. This compares with reported levels up to several hundred pCi/kg wet
weight in Dolly Varden, and several thousand pCi/kg wet weight in reindeer lichen.
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Figure 10. "*'Cs in Selected Marine Vegetation, Fauna, and Gull Eggs
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Results for Dolly Varden, lichen, soil, and sediment are plotted separately in Figure 11, given much higher 37Cs concentrations in these samples.
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Raw data are also plotted, given the small number of samples collected for each of these species/media.
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5.4 Americium-241 Isotope

A full listing of individual measurement data for **' Am in vegetation and marine fauna collected
during the Amchitka 2011 sampling event is given in Appendix H (after Hamilton et al. 2012d).
Data are reported in activity concentration units of picocuries per kilogram wet weight. For quick
reference, data are sorted according to species type and location/grid. The results are reported as
measured even if the reported value is less than the reported MDC. No weight corrections were
made for the presence of sea salts in determining the “*' Am content of rockweed and dragon
kelp. The **' Am content of vegetation and fauna collected from the Adak and Amchitka sites is
shown graphically in Figure 12 and Figure 13. Figure 12 depicts **' Am in selected marine
vegetation, fauna, and gull eggs. Figure 13 depicts *' Am in dragon kelp, rockfish, greenling,
Irish lord, octopus, and rockweed.

! Am was measured by alpha spectrometry using ion-implanted-silicon charged-particle
detectors. The estimated MDC for measurement of **' Am by alpha spectrometry was 0.01 pCi.
The mean reported sample measurement MDC for **' Am expressed as activity concentration was
0.008 pCi/kg wet weight. The vast majority of samples analyzed under this sampling event
contained **' Am loadings that were at or below the reported MDC. Data also appear to be more
highly variable across individual species of fauna. While there are no significant outliers, this
may be indicative of the lower quantity of these data compared to the quantities obtained for
other radionuclides.

The highest-quality data appear to have been obtained for sea urchin, octopus, and, to a lesser
extent, dragon kelp. Few reliable laboratory intercomparison samples are available for
performance testing of *' Am at environmental concentrations. Quality assurance measures
performed under this sampling event were limited to assessing the reproducibility of the alpha
spectrometric measurement by conducting a series of cross counts on different detectors. In this
case, the results satisfied internal laboratory data quality requirements within the quantifiable
capabilities of the technique.

5.5 Plutonium Isotopes

Full individual measurement data for **’Pu and **°Pu in vegetation and fauna collected during
the Amchitka 2011 sampling event are shown in Appendix I (after Hamilton et al. 2012c).

The data are reported in units of picocuries per kilogram wet weight. For quick reference, data
are sorted according to species type and location/grid. Data are reported as measured even if the
reported value is less than the reported MDC. No weight corrections were made for the presence
of sea salts in determining the plutonium content of rockweed and dragon kelp.

The *°Pu and ***Pu concentrations of vegetation and fauna collected from the Adak and
Amchitka sites are shown graphically in Figure 14 and Figure 15. Figure 14 depicts *’Pu in
selected marine vegetation and fauna, gull eggs, and lichen. Figure 15 depicts “**Pu in selected
marine vegetation and fauna, gull eggs, and lichen.
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Figure 12. >’ Am in Selected Marine Vegetation, Fauna, and Gull Eggs

Species in the rightmost portion of graph (listed in blue font) are those for which all results were less than the MDC.
A zoom-view of results for species with the lowest *' Am concentrations is provided Figure 13.
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Zoom-view of species with the lowest detectable “'Am concentrations in Figure 12. Detection frequencies were
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low (<20 percent) for rockfish, greenling, and Irish lord. Interisland comparisons are significant only for rockweed.
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Figure 14. **Pu in Selected Marine Vegetation, Fauna, and Gull Eggs
Species in the rightmost portion of graph (blue font, outlined) are those for which all results were less than the MDC.
This plot excludes outlier nondetect datum HMUS-LS-LT3-1 and corresponding MDC (2 pCi/kg).
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Figure 15. **Pu in Selected Marine Vegetation, Fauna, and Gull Eggs

Only three species/media—dragon kelp, sea urchin, and rockweed (shaded)—had detectable levels of 20py. Results for remaining species were all
below corresponding MDCs. This plot excludes outlier nondetect datum HMUS-LS-LT3-1 and corresponding MDC (1 pCi/kg).



Quantifiable concentrations of *’Pu and/or **Pu were obtained in the vast majority of dragon
kelp and rockweed samples along with selected samples of chiton, octopus, sea urchin, and horse
mussel. Levels of *’Pu and **°Pu in fish species are consistently at or below the reported MDC.

Based on the standard deviation of 10 reported replicate blank measurements, the estimated
MDC for **°Pu and ***Pu is 0.03 and 0.02 pCi, respectively. The mean reported sample
measurement MDCs for 2**Pu and ***Pu (excluding one outlier for a sample with a very low
mass) expressed as activity concentrations were 0.04 and 0.02 pCi/kg wet weight, respectively.
Analyses of mass ratio and concentration performed on certified reference materials satisfied
laboratory data quality requirements for both precision and accuracy. Similarly, a series of
duplicate measurement met applicable data quality requirements within the quantifiable
capabilities of the technique. High-quality data appear to have been developed for plutonium
isotopes in dragon kelp as evidenced by the internal consistency of **’Pu/**’Pu atom ratios
measured in this species. Moreover, it appears reasonable that dragon kelp and possibly
rockweed could serve as good indicator species for future trending analysis of plutonium
contamination in this region.

5.6 Uranium Isotopes

A full listing of individual measurement data for 234U, 235U, and U in vegetation and marine
fauna collected during the Amchitka 2011 sampling event is given in Appendix J (after
Hamilton et al. 2012¢). Data are reported in units of picocuries per kilogram wet weight. For
quick reference, data are sorted according to species type and location/grid. Quantifiable activity
concentrations for ***U, *°U, and ***U with reasonable levels of precision are reported for all
vegetation and fauna samples with the exception of ***U in one horse mussel sample.

The 234U, 233 U, and 281 content of vegetation and fauna collected from the Adak and Amchitka
sites is shown graphically in Figure 16 through Figure 18, respectively. Additionally, with
overall concentrations of 2**U, *°U, and ***U being very low, Figure 19 through Figure 21 show
box plots for selected species and media with the lowest (<25 pCi/kg) 2*U, *°U, and ***U
concentrations, respectively.

No weight or analyte corrections were made for the presence of sea salts and inherent
concentrations of uranium in ocean water for large-volume samples of rockweed and dragon kelp
known to contain significant free and interstitial water.

5.7 Tritium in Seawater

A full listing of the tritium data for seawater collected during 2011 off the coastlines of
Cannikin, Long Shot, and Milrow sites, as well as the north and south coastlines of Adak, is
given in Appendix K.
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Figure 16. ***U in Selected Marine Vegetation, Fauna, and Gull Eggs

As found for the other U isotopes (Figures 17—18), 2341 concentrations are highest in horse mussel and rockweed.
A zoom-view of results for species with lower 2341 concentrations (<25 pCi/kg) is provided in Figure 19.
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Figure 17. %°U in Selected Marine Vegetation, Fauna, and Gull Eggs

As is the case for %*U and 238U, 251 concentrations are highest in horse mussel and rockweed.
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A zoom-view of results for species with lower **°U concentrations (<1 pCi/kg) is provided in Figure 20.
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U Magnitude and Distributions Are Very Similar to Those for
A zoom-view of results for species with lower 2381 concentrations (<20 pCi/kg) is provided in Figure 21.

Figure 18. **®*U in Selected Marine Vegetation, Fauna, and Gull Eggs
2341: Concentrations Are Highest in Horse Mussel and Rockweed.
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Figure 19. Zoom view of “**U in Species and Media with Concentrations <25 pCi/kg

Gull Eggs &5

* Extreme

o Qutlier

Mon-Outlier Maximum

75th percentile
Median
25th percentile

L MNon-Qutlier Minimum

B Amchitka
= Adak

B MDC

o Qutliers

« Extremes

Mo. of Samples:
Amchitka/Adak



€107 2oquaydeg

AS1ouyg jo juounaedoq 'S’ N

U (pCirkg)

synsay Surdweg 1710z ‘odoy Suriojiuol [es13o[o1g ‘BNSe[Y ‘pUB[S] BYOUY

¢t ofed
££880S "ON 00(

0.8

0.7

06

0.5

04

0.3

0.2

0.1

0.0

L
-
iy
L
——
[
(1T}
——
iy
[y

"
iy

Rockfish
Greenling
Irish Lord
Octopus
Pacific Cod |
Halibut
Dolly Varden |
Gull Eggs =

Figure 20. Zoom View of **’U in Species and Media with Concentrations <1 pCi/kg
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Figure 21. Zoom View of ***U in Species and Media with Concentrations <1 pCi/kg
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6.0  Data Analysis
6.1 Summary Statistics

Table 5 through Table 12 present the ranges of detected values (results at or greater than the
MDC) and summary statistics for results from the 2011 sampling of Amchitka and Adak Islands.
Nondetects are set equal to the MDC. Where duplicate sample results are available, the higher
value of either the duplicate or the sample result is used. The species for which duplicate samples
were collected are dragon kelp, rockweed, rockfish, greenling, and halibut. Refer to
corresponding raw data summaries in Appendixes G—J and to LLNL (2012).

6.1.1 Cesium-137 Isotope

Table 5 shows the summary statistics for '*’Cs. The established range for horse mussel excludes
sample HMUS-LS-LT3 in which the MDC was 60 pCi/kg wet weight, and the subsequent result
was 44U + 11 pCi/kg wet weight. U-flagged data are excluded from the statistical evaluation.
The highest mean concentration of '*’Cs in marine fauna measured across both sites was
observed in horse mussel. The mean concentration of *’Cs in horse mussel was 11.5 pCi/kg wet
weight for Amchitka and 9.4 pCi/kg wet weight for Adak. Mean and median concentrations in
marine vegetation and fauna samples collected from Amchitka (n [number of samples] = 27)
were 1.1 and 1.0 pCi/kg wet weight, respectively, whereas those from Adak (rn = 18) were

0.7 and 0.7 pCi/kg. Maximum concentrations measured in marine vegetation and fauna samples
from Amchitka and Adak were 14.0 and 15.0 pCi/kg, respectively.

6.1.2 Americium-241 Isotope

Quantifiable concentrations of **' Am were detected (albeit at very low concentrations) for the
vast majority of dragon kelp, sea urchin, chiton, and to some degree, horse mussels. Levels in all
fish species appear to consistently fall at or below the MDC. Table 6 shows the summary
statistics for **' Am.

The highest mean concentrations of **' Am in samples of marine vegetation and fauna from both
sites were typically observed in horse mussel, chiton, and urchin. For the Adak site, the mean
concentration of *' Am in horse mussel, 0.073 pCi/kg wet weight, and urchin, 0.078 pCi/kg wet
weight, were indistinguishable from that in chitin, 0.046 /kg wet weight, but were otherwise
higher than for all other groups. Similarly, for the Amchitka site, the mean concentration of
! Am in horse mussel, 0.143 pCi/kg wet weight, was indistinguishable from that in urchin,
0.116 pCi/kg wet weight, but was otherwise higher than for all other groups. The mean rockweed
value reported for Adak, 0.005 pCi/kg wet weight, was higher than the mean reported for
Amchitka, 0.002 pCi/kg wet weight, but the mean value measured for chiton was higher for
samples collected from Amchitka, 0.084 pCi/kg wet weight, than for samples collected from
Adak, 0.046 pCi/kg wet weight.
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Table 5. Descriptive Statistics for "*'Cs

All units in pCi/kg wet weight except for soil and sediment, which are reported in dry weight.

Species / Area No. of Detects | Range of Range of | Range of
(% >MDC) I Detects all Results | Median Mean + SD ! MDCs

Dragon Kelp ' '

Amchitka 27 of 27 100% : 0.24 - 3.2 14 16109 : 01 - 07

Adak 18 of 18 100% , 0.2 - 2.0 0.80 0.87%05 | 02 - 05
Sea Urchin I I

Amchitka 509 556% | 18-99 |-01-99 1.8 29+34 | 11 - 43

Adak 2 of 6 333% | 27-9.4 03-94 1.5 28+33 | 1.2 - 3.7
Horse Mussel I I

Amchitka 6 of 9 667% ! 59-140 | 1.4-44 70 11.5+129 ! 26 - 60

Adak 6 of 6 100% ' 3.4-150 | 3.4-15 9.1 94+47 ! 27 - 50
Chiton : :

Amchitka 309 333% |, 16-41 1.6 - 4.1 1.6 16+15 | 12 - 28

Adak 4 of 6 667% |, 08-13 0.8-13 1.1 09%07 | 07 - 40
Rockfish I I

Amchitka 23 of 26 885% | 1.1-6.4 0.5 - 6.4 3.4 34+15 | 07 - 2.2

Adak 14 of 15 933% | 1.2-94 1.2 -94 3.4 39421 | 05 - 24
Greenling ' '

Amchitka 26 of 27 93% ' 1.9-7.8 1.9-7.8 4.9 47+18 ! 15 - 28

Adak 18 of 18 100% : 09-74 | 09-74 36 38%17 : 13 - 36
Irish Lord | |

Amchitka 18 of 27 667% | 12-95 !-02-95 2.1 27+22 | 08 - 39

Adak 10 of 18 556% | 1.8-13.0 | -0.1- 13 1.9 27430 | 09 - 25
Octopus I I

Amchitka 3 o 3 100% 1023-21 1.1 1.1+09 | 02 - 11

Adak 1of 1 100% ! 0.7 0.7 0.7 ' 0.5
Pacific Cod ' '

Amchitka 3 of 3 100% : 21-38 28  29%09 : 02 - 05

Adak 2 0f 2 100% | 2.0-30 2.5 25+07 | 02 - 03
Halibut | |

Amchitka 3 of 3 100% |0.82-15 1.0 1.1+04 | 01 - 0.2

Adak 1 of 1 100% | 1.0 1.0 1.0 | 0.2
Rockweed I I

Amchitka 27 of 27 100% ! 1.3-58 3.3 34+12 | 02 - 05

Adak 18 of 18 100% ' 1.0-7.3 3.7 40+18 ! 03 - 05
Reindeer Lichen : :

Amchitka 3 of 3 100% | 404 - 1523 550 826 %608 | 80 - 15.0

Adak 3 of 3 100% 2855 - 6236 3238 4110 + 1851 | 16.0 - 33.0
Gull Eggs (no eggs found on Adak) I |

Amchitka 1of 1 100% | 4.2 | 1.5
Dolly Varden I |

Amchitka 1of 1 100% ! 98.0 ' 1.0

Adak 1of1 100% ! 447 ' 1.0
Soil : :

Amchitka 3 of 3 100% | 312 - 6110 2174 2865 + 2960 | 45.0 - 206

Adak 3 of 3 100% 1135 - 7264 6591 4997 * 3361 | 42.0 - 184
Sediment | |

Amchitka 2 of 2 100% | 11.9 - 36.3 241 241+173 | 6.0 - 12.0

MDC — Minimum Detectable Concentration; SD —Standard Deviation. Statistics computed with values = MDC for nondetect:
The second range column—"Range of all Results"—includes U-flagged (< MDC) results. This column is left blank for those
species/media with 100% detection frequencies. Duplicate samples were collected for Dragon Kelp (3 Amchitka/2 Adak);
Rockfish (4/1); greenling (3/2); halibut (0/1); and rockweed (3/2). The maximum result for each duplicate pair was used.
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Table 6. Descriptive Statistics for **' Am

All units in pCi/kg wet weight.

Species / Area No. of Detects Range of Range of :
(% > MDC) Detects all Results | Median Mean + SD 'Range of MDCs
Dragon Kelp I
Amchitka 20 of 27 74.1% 10.003 - 0.033 | -0.001 - 0.0331 0.009 0.012 %+ 0.010|0.0003 — 0.004
Adak 15 of 18 83.3% |0.006 - 0.027 ; 0.001 - 0.027! 0.009 0.010 + 0.007;0.0002 - 0.002
Sea Urchin !
Amchitka 8 of 9 889% | 0.08 - 0.20 0.080 - 0.200!  0.110 0.116 * 0.038| 0.002 - 0.01
Adak 5 of 6 833% | 0.07 - 0.12 0.030 - 0.120: 0.075 0.078 £ 0.031] 0.003 - 0.03
Horse Mussel |
Amchitka 6 of 9 667% ; 0.11 - 0.21 0.02 - 0.40 | 0.11 0.14 £ 0.11 ! 0.005 - 0.80
Adak 2 of 6 333% | 0.09 - 0.15 0.03 - 0.15 | 0.07 0.073 £ 0.04 | 0.009 - 0.05
Chiton I
Amchitka 8 of 9 889% |0.070 - 0.14 0.050 - 0.140! 0.08 0.084 + 0.027, 0.002 - 0.01
Adak 4 of 6 66.7% |0.017 - 0.08 0.010 - 0.080! 0.05 0.046 + 0.029, 0.002 - 0.02
Rockfish '
Amchitka 3 of 26 11.5% [ 0.009 - 0.07 |-0.004 - 0.07 : 0.007 0.009 * 0.014]1 0.003 - 0.03
Adak 0 of 15 ND -0.002 - 0.02 | 0.003 - 0.01
Greenling |
Amchitka 4 of 27 14.8% |0.030 - 0.034 | -0.001 - 0.05 0.01 0.014 £ 0.012] 0.002 - 0.02
Adak 3 of 18 16.7% ]0.009 0.033 | 0.002 - 0.033] 0.01 0.013 £ 0.009; 0.002 - 0.03
Irish Lord I
Amchitka 3 of 27 111% |0.006 0.03 |-0.002- 0.05 ! 0.010 0.011 + 0.010; 0.002 - 0.02
Adak 1 of 18 5.6% 0.03 0.003- 0.03 ! 0.010 0.013 + 0.008; 0.004 - 0.01
Octopus :
Amchitka 2 of 3 66.7% ;0.017 - 0.0191 0.009 - 0.019I 0.017 0.015 + 0.00510.0004 - 0.007
Adak 1o 1 100% 0.015 0.015, 0.015 0.015 0.002
Pacific Cod I
Amchitka 0 of 3 ND 0.0004 - 0.003 | 0.001 - 0.002
Adak 0 of 2 ND 0.001 - 0.001! 0.001
Halibut !
Amchitka 0 of 3 ND 0.0006 - 0.001' 0.001 - 0.002
Adak 0of 1 ND 0.001: 0.002
Rockweed |
Amchitka 6 of 27 222% ;0.003 - 0.011 | -0.002 - 0.011; 0.002 0.002 £ 0.003'0.0005 - 0.006
Adak 7 of 18 389% |0.006 - 0.015 | 0.001 - 0.015; 0.004 0.005 * 0.005 0.0005 - 0.005
Gull Eggs (no eggs found on Adak) I
Amchitka 0 of 1 ND 0.008| 0.01
Dolly Varden !
Amchitka 0of 1 ND 0.001' 0.002
Adak 0of 1 ND 0.003' 0.002

MDC — Minimum Detectable Concentration; ND — Not Detected (all results less than MDC); SD — Standard Deviation
The second range column, "Range of all Results", includes U-flagged (< MDC) results. Summary statistics were

computed using values = MDC for nondetects. Duplicate samples were collected for Dragon Kelp (3 Amchitka/2 Adak);
Rockfish (4/1); greenling (3/2); halibut (0/1); and rockweed (3/2). The maximum result for each duplicate pair was used.
Medians, means, and standard deviations were not calculated for species for which all results were < MDC.
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6.1.3 Plutonium Isotopes

Statistical analyses show that where quantifiable data are obtained (e.g., for dragon kelp and
rockweed), the activity concentrations of >*’Pu between the Adak and Amchitka sites are
indistinguishable. Table 7 and Table 8 show the summary statistics for **’Pu and **°Pu,
respectively.

Plutonium isotopes were measured by quadrupole ICP-MS. The quantification capabilities of
ICP-MS appear to be adequate for >*’Pu and **’Pu measurements in dragon kelp samples and for
23%Pu measurements in rockweed samples. *’Pu and ***Pu loadings in all fish species and
significant numbers of other fauna species were below the MDC. The mean dragon kelp value
reported for Amchitka, 0.055 pCi/kg wet weight, was higher than the mean for samples collected
from Adak, 0.048 pCi/kg wet weight, and rockweed mean values were equal for both Amchitka
and Adak, 0.008 pCi/kg wet weight. Similarly, the mean **°Pu value for dragon kelp is higher for
Amchitka, 0.044 pCi/kg wet weight, than for Adak, 0.038 pCi/kg wet weight, but the rockweed
mean value is just slightly higher for Adak, 0.004 pCi/kg wet weight, than for Amchitka,

0.003 pCi/kg wet weight.

The quantifiable concentrations of **’Pu and/or **°Pu in dragon kelp and rockweed shown in
Table 9 fall in a relatively consistent range. For dragon kelp (n = 45), the mean value is

0.052 pCi/kg wet weight for **’Pu and 0.042 pCi/kg wet weight for **°Pu. For rockweed (1 = 45),
the mean value is 0.0076 pCi/kg wet weight for **’Pu and 0.0034 pCi/kg wet weight for **’Pu.
These values suggest that reported levels for *’Pu where data are available could be used
without associated values for **’Pu to estimate the total ******’Pu content of marine fauna for use
in health and ecological assessments.

6.1.4 Uranium Isotopes

Table 10 through Table 12 show the summary statistics for 2 4U, 235 U, and 23 U, respectively.
The total uranium content of rockweed is statistically higher at both sites than that measured in
all other species. Uranium in horse mussel is also statistically higher at both sites, but not as high
as rockweed. The mean concentrations of 234U, 235 U, and 281 in rockweed from samples
collected at Amchitka were 81.6, 2.88, and 68.0 pCi’kg wet weight, respectively, all slightly
higher than the mean concentrations of the same uranium isotopes in rockweed from samples
collected at Adak, 72.7, 2.57, and 60.6 pCi/kg wet weight, respectively. The mean concentrations
of 234U, 235U, and ***U in horse mussels collected at Amchitka were 49.5, 1.70, and 40.0 pCi/kg
wet weight, respectively, and once again were higher than the mean concentrations of the same
uranium isotopes in horse mussel samples collected at Adak, 29.6, 1.03, and 24.1 pCi/kg wet
weight, respectively.

No quantifiable levels of anthropogenic uranium based on *°U detection and measurement
(results not shown) were observed in samples collected during this sampling event, although
reportable MDCs were relatively high (LLNL 2012).
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Table 7. Descriptive Statistics for ***Pu

All units in pCi/kg wet weight.

Species / Area No.of Detects ' Rangeof ! Range of Range of
(% >MDC) : Detects : all Results | Median Mean + SD MDCs

Dragon Kelp | |

Amchitka 27 of 27 100% 0.003 - 0.16 ;| 0.003 - 0.156 0.035 0.056 £ 0.044 0.01

Adak 18 of 18 100% 10.014 - 0.11 | 0.014 - 0.110 0.036 0.048 * 0.034 0.01
Sea Urchin I I

Amchitka 3 of 9 333% 10.033 - 0.090! 0.033 - 0.09 0.050 0.053 =+ 0.017! 0.04 - 0.06

Adak 1of 6 167% ! 0.042 ! 0.040 - 0.07 0.046 0.050 £ 0.012! 0.04 - 0.07
Horse Mussel : :

Amchitka 2 of 9 222% | 0.11 - 0.25 0.1-20 0.20 0.39 = 0.61 0.1-20

Adak 1l of 6 16.7% | 0.073 | 0.073 - 0.2 0.20 0.16 * 0.06 0.1-0.2
Chiton I I

Amchitka 3 of 9 333% 10.031 - 0.05 | 0.031 - 0.07 0.06 0.053 + 0.012) 0.05 - 0.07

Adak 1 of 6 167% | 0.056 |1 0.030 - 0.06 0.04 0.044 £ 0.0111 0.03 - 0.06
Rockfish | |

Amchitka 0 of 26 ND ! I 0.02 - 0.06 0.02 - 0.06

Adak 0 of 15 ND : : 0.01 - 0.06 0.01 - 0.06
Greenling | |

Amchitka 2 of 27 7.4% 0.018 - 0.02 | 0.018 - 0.08 0.05 0.05 +0.013, 0.04 - 0.08

Adak 0 of 18 ND | | 0.04 - 0.07 0.04 - 0.07
Irish Lord I I

Amchitka 0 of 27 ND I I 0.02 - 0.08 0.02 - 0.08

Adak 0 of 18 ND [ I 0.03 - 0.07 0.03 - 0.07
Octopus ' '

Amchitka 2 of 3  66.7% :0.027 - 0.031 : 0.005 - 0.031 0.027 0.021 £ 0.014[ 0.005 - 0.05

Adak 1 of 1 100% | 0.020I 0.02 0.02 0.02 0.02
Pacific Cod | |

Amchitka 0of 3 ND | | 0.01 0.01

Adak 0 of 2 ND | I 0.01 0.01
Halibut I I

Amchitka 0 of 3 ND ' I 0.005 - 0.01 0.005 - 0.01

Adak 0Oof1 n~ND ! ' 0.01 0.01
Rockweed : :

Amchitka 25 of 27 92.6% I0.002 - 0.012 | 0.002 - 0.012 0.008 0.008 + 0.003| 0.004 - 0.01

Adak 15 of 18 83.3% ,0.002 - 0.019, 0.002 - 0.019 0.007 0.008 £ 0.004: 0.004 - 0.01
Gull Eggs (no eggs found on Adak) | |

Amchitka 0 of 1 ND I I 0.03 0.03
Dolly Varden I I

Amchitka O0of 1 nND ! | 0.01 0.01

Adak 0 of 1 ND ' ' 0.01 0.01

MDC — Minimum Detectable Concentration; ND — Not Detected (all results less than MDC); SD — Standard Deviation
The second range column, "Range of all Results", includes U-flagged (< MDC) results. Summary statistics were
computed using values = MDC for nondetects. Duplicate samples were collected for Dragon Kelp (3 Amchitka/2 Adak);

Rockfish (4/1); greenling (3/2); halibut (0/1); and rockweed (3/2). The maximum result for each duplicate pair was used.
Medians, means, and standard deviations were not calculated for species for which all results were < MDC.
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Table 8. Descriptive Statistics for *°Pu

All units in pCi/kg wet weight.

Species / Area No. of Detects Range of Range of ! Range of
(% >MDC) Detects all Results : Median Mean = SD MDCs

Dragon Kelp |

Amchitka 25 of 27 92.6% [0.007 - 0.129{0.003 - 0.129, 0.034 0.049 + 0.036;0.003 - 0.004

Adak 18 of 18 100% 0.010 - 0.090| 0.01- 0.09 | 0.030 0.038 + 0.027]0.003 - 0.004
Sea Urchin I

Amchitka 1o 9 111% 0.065| 0.02 - 0.065! 0.030 0.032 + 0.013}0.020 - 0.030

Adak 0 of 6 ND 0.02 - 0.04 ! 0.020 - 0.040
Horse Mussel :

Amchitka 0 of 9 ND 0.08 - 1.0 | 0.08 - 1.0

Adak 0O of 6 ND 0.07 - 0.10 0.07 - 0.1
Chiton |

Amchitka 0 of 9 ND 0.03 - 0.04 | 0.03 - 0.04

Adak 0 of 6 ND 0.02 - 0.03 1 0.02 - 0.03
Rockfish '

Amchitka 0 of 26 ND 0.01 - 0.03 ! 0.01 - 0.03

Adak 0 of 15 ND 0.01 - 0.03 : 0.01 - 0.03
Greenling |

Amchitka 0 of 27 ND 0.02 - 0.04 , 0.02 - 0.04

Adak 0 of 18 ND 0.02 - 0.04 | 0.02 - 0.04
Irish Lord I

Amchitka 0 of 27 ND 0.01 - 0.04 1 0.01 - 0.04

Adak 0 of 18 ND 0.02 - 0.04 ! 0.02 - 0.04
Octopus '

Amchitka 0 of 3 ND 0.003 - 0.03 : 0.003 - 0.03

Adak 0 of 3 ND 0.01 | 0.01
Pacific Cod |

Amchitka 0 of 3 ND 0.003 0.003

Adak 0 of 2 ND 0.003 | 0.003
Halibut I

Amchitka 0 of 3 ND 0.003! 0.003

Adak 0of 1 ND 0.003' 0.003
Rockweed :

Amchitka 2 of 27 7.4% 0.005 - 0.00810.002 - 0.008I 0.006] 0.006 * 0.002 | 0.002 - 0.003

Adak 3 of 18 16.7% !0.006 - 0.011/0.002 - 0.011, 0.008] 0.008 + 0.003;0.002 - 0.003
Gull Eggs (no eggs found on Adak) I

Amchitka 0of 1 ND 0.02 0.02
Dolly Varden I

Amchitka 0 of 1 ND 0.01 ! 0.01

Adak 0 of 1 ND 0.01 ! 0.01

MDC — Minimum Detectable Concentration; ND — Not Detected (all results less than MDC); SD —Standard Deviation

The second range column, "Range of all Results", includes U-flagged (< MDC) results. Summary statistics were
computed using values = MDC for nondetects. Duplicate samples were collected for Dragon Kelp (3 Amchitka/2 Adak);
Rockfish (4/1); greenling (3/2); halibut (0/1); and rockweed (3/2). The maximum result for each duplicate pair was used.
Medians, means, and standard deviations were not calculated for species for which all results were < MDC.
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All units in pCi/kg wet weight.

Table 9. Summary of **Pu and *°Pu Detections

Species / Area Total No. | No. of Detects Mean* Range* Max. Detected | Max. MDC [Pu-239, 240 (combined)**
of Samples|Pu-239 Pu-240(Pu-239 Pu-240 Pu-239 Pu-240 Pu-239 Pu-240 [Pu-239 Pu-240|Mean Range
Dragon Kelp 45 45 43 |0.053 0.042 |0.003 - 0.16 ;0.003 - 013 | 0.16 0.13 | 0.01 0.004 | 0.095 0.0028 - 0.29
Sea Urchin 15 4 1 [0.052 0.030 [0.033 - 0.09 ,0.020 - 0.065| 0.09 0.065 | 0.07 0.04 [0.056 0.033 - 0.16
Rockweed 45 40 5 |0.008 0.003 |0.002 - 0.019,0.002 - 0.011/0.019 0.011 | 0.01 0.003 | 0.008 0.002 - 0.03
Horse Mussel 15 3 0 0.30 0.15 |0.073 - 2.0 10.070 - 1.0 0.25 2.0 1.0 | 030 0.073 - 2.0
Chiton 15 4 0 0.05 0.03 | 0.03 - 0.07 ! 0.02 - 0.04 |0.056 0.07 0.04 | 0.05 0.03 - 0.07
Greenling 45 2 0 [0.052 0.029 |[0.018 - 0.08 ! 0.02 - 0.04 |0.020 0.08 0.04 | 0.052 0.018 - 0.08
Octopus 4 3 0 [0.021 0.013 [0.005 - 0.031'0.003 - 0.030(0.031 0.05 0.03 |0.021 0.005 - 0.031
Rockfish 41 0 0 0.035 0.018 0.01 - 0.06 I 0.01 - 0.03 0.06 0.03 | 0.035 0.01 - 0.06
Irish Lord 45 0 0 0.05 0.027 0.02 - 0.08 | 0.01 - 0.04 0.08 0.04 0.05 0.02 - 0.08
Pacific Cod 5 0 0 0.01 0.003 0.01 | 0.003 0.01 0.003 0.01 0.01 - 0.01
Halibut 4 0 0 0.009 0.003 [0.005 - 0.01 0.003 0.01 0.003 | 0.009 0.005 - 0.010
Gull Eggs 1 0 0 0.03 0.02 0.03 1 0.02 0.03 0.02 | 0.03 0.03
Dolly Varden 2 0 0 0.01 0.01 0.01 ! 0.01 0.01 0.01 | o0.01 0.01

No. of Detects refers to results > MDC (not U-flagged), where MDC = Minimum Detectable Concentration.
Dragon kelp, sea urchin, and rockweed (initial rows) were the only species with detectable levels of Pu-240. Shaded rows denote species for which only Pu-239 was detected.

Means and ranges for individual Pu isotopes were computed using all results, including U-flagged data.

For dragon kelp, rockfish, greenling, halibut, and rockweed, the maximum result for each duplicate pair was used.
See preceding tables for radioisotope-specific statistics and Amchitka vs. Adak breakdowns.

Approach for calculating summary statistics for Pu-239, 240 combined

If both Pu-239 and Pu-240 were detected (> MDC), results were summed. If Pu-239 detected, but not Pu-240, used only the Pu-239 result(s).
The opposite situation—Pu-240 detected but not Pu-239—does not apply to this data set.
If both Pu-239 and Pu-240 results were U-flagged (< MDC), the maximum flagged value was used. E.g., if Pu-239 =4U and Pu-240 = 2.0U, used the 4.0 datum to calculate means.



Table 10. Descriptive Statistics for ***U

All units in pCi/kg wet weight.

Species / Area No. of Detects Range of : Range of | Range of
(% >MDC) Detects | all Results | Median Mean + SD MDCs

Dragon Kelp I I

Amchitka 27 of 27 100% 12.4 - 446 | 232 246 %091 i 1.0 - 2.0

Adak 18 of 18 100% 7.3 - 46.8 | 20.8 20.8 £ 9.9 04 -1.0
Sea Urchin ' !

Amchitka 9 of 9 100% 16.7 - 26.4 '16.7 - 26.4 246 233 +36 ! 1.0 -20

Adak 5 of 6 83.3% 17.4 - 28.5 : 7.4 - 285 248 21578 i 1.0 - 20
Horse Mussel | |

Amchitka 8 of 9 88.9% 23.4 - 80.8 ;23.4 - 80.8 46.3 49.5 % 19.6, 1.0 - 28

Adak 6 of 6 100% 9.7 - 49.8 | 9.7 - 49.8 28.8 29.6 £ 16.2 05 -10
Chiton I i

Amchitka 9 of 9 100% 50-324 | 50 - 324 27.0 24086 | 1.0

Adak 5 of 6 83.3% 9.4-325 ! 51-325 11.7 16.6 + 11.4! 1.0
Rockfish ' '

Amchitka 25 of 26 96.2% 2.3 -19.5 : 2.3 -19.5 10.1 10.3 £ 4.8 | 1.0 - 2.0

Adak 12 of 15 80.0% 22 - 134 | 1.3 - 134 3.9 54 4.0 | 1.0 - 2.0
Greenling |

Amchitka 26 of 27 96.3% 25-114 | 25-114 6.0 6.3 23 ' 1.0

Adak 17 of 18 94.4% 20-10.7 | 2.0-10.7 5.2 5424 | 1.0
Irish Lord I I

Amchitka 25 of 27 92.6% 30-193 ! 3.0-193 72 75+38 ' 1.0 - 2.0

Adak 17 of 18 94.4% 29-16.0 ' 1.9-16.0 5.6 7.1 4.2 1.0
Octopus : :

Amchitka 3 of 3 100% 10.6 - 21.8 | 11.3 146 6.3 05-10

Adak 1o 1 100% 13.6 13.6 13.6 i 1.0
Pacific Cod I I

Amchitka 2 of 3 66.7% 25-30 | 1.0-3.0 2.5 22 +1.0 | 1.0

Adak 2 of 2 100% 19 | 1.9 1.9 1.9 £ 0.0 | 1.0
Halibut '

Amchitka 1 of 3 333% 06 ! 01-16 06 08+08! 06-10

Adak 1of 1 100% 16 : 16 16 16 ! 1.0
Rockweed | |

Amchitka 27 of 27 100% 35.0 - 144 | 75.7 81.6 £30.3, 1.0

Adak 18 of 18 100% 455 - 144 77.2 79.0 £ 25,9 1.0
Gull Eggs (no eggs found on Adak) I )

Amchitka 1 of 1 100% 0.6 | 0.6 0.6 1.0
Dolly Varden ' !

Amchitka 0of 1 ND ' 13 ' 1.0

Adak 1of 1 100% 09 ! 0.9 09 09 l 1.0

MDC — Minimum Detectable Concentration; SD — Standard Deviation. Statistics computed with values = MDC for nondetect
The second range column—"Range of all Results"—includes U-flagged (< MDC) results. This column is left blank for those
species/media with 100% detection frequencies. Duplicate samples were collected for Dragon Kelp (3 Amchitka/2 Adak);
Rockfish (4/1); greenling (3/2); halibut (0/1); and rockweed (3/2). The maximum result for each duplicate pair was used.

Amchitka Island, Alaska, Biological Monitoring Report, 2011 Sampling Results U.S. Department of Energy
Doc. No. S08833 September 2013
Page 52



Table 11. Descriptive Statistics for **°U

All units in pCi/kg wet weight.

. No. of Detects Range of
Species / Area
(% > MDC) Range Median Mean £ SD MDCs

Dragon Kelp

Amchitka 27 of 27 100% 041- 15 0.80 0.86 + 0.32 0.0002 - 0.001

Adak 18 of 18 100% 0.27 - 1.62 0.62 0.71 £ 0.34 0.0002 - 0.001
Sea Urchin

Amchitka 9 of 9 100% 0.57 - 0.83 0.75 0.72 £0.10 !'0.0004 - 0.001

Adak 6 of 6 100% 0.20 - 0.83 0.67 0.61 +0.22 0.001
Horse Mussel

Amchitka 9 of 9 100% 0.53 - 2.86 1.63 1.70 £ 0.76 | 0.0004 - 0.010

Adak 6 of 6 100% 0.29 - 1.75 0.99 1.03 * 0.58 0.0002 - 0.000
Chiton

Amchitka 9 of 9 100% 0.12 - 1.14 0.89 0.81 +0.31 0.0003 - 0.001

Adak 6 of 6 100% 0.15 - 0.99 0.39 0.52 +0.36 10.0003 - 0.000
Rockfish

Amchitka 26 of 26 100% 0.08 - 0.60 0.30 0.33 +0.16 [0.0003 - 0.001

Adak 15 of 15 100% 0.04 - 0.48 0.11 0.17 * 0.14 0.0002 - 0.001
Greenling

Amchitka 27 of 27 100% 0.08 - 0.39 0.20 0.21 * 0.08 0.0003 - 0.001

Adak 18 of 18 100% 0.05 - 0.31 0.15 0.16 £ 0.08 0.0002 - 0.001
Irish Lord

Amchitka 27 of 27 100% 0.09 - 0.68 0.21 0.24 £ 0.14 10.0003 - 0.001

Adak 18 of 18 100% 0.06 - 0.55 0.16 0.22 *0.14 0.0004 - 0.001
Octopus

Amchitka 3 of 3 100% 0.37 - 0.77 0.39 051 *0.23 0.0002 - 0.000

Adak 1 of 1 100% 0.45 045 045 0.000
Pacific Cod

Amchitka 3 of 3 100% 0.03 - 0.09 0.08 0.07 £ 0.03 0.000

Adak 2 of 2 100% 0.05 - 0.06 0.06 0.06 * 0.01 0.0002 - 0.000
Halibut

Amchitka 3 of 3 100% 0.01 - 0.03 0.01 0.02 +0.01 0.0002 - 0.001

Adak 1 of 1 100% 0.04 0.04 0.04 0.001
Rockweed

Amchitka 27 of 27 100% 1.2 -51 2.6 29+ 1.1 0.0002 - 0.001

Adak 18 of 18 100% 1.6 - 5.1 2.7 2.8 £ 0.65 0.0003 - 0.001
Gull Eggs (Adak notsampled)

Amchitka 1 of 1 100% 0.0007 0.0007 0.0007 0.0002
Dolly Varden

Amchitka 1 of 1 100% 0.01 0.01 o0.01 0.0004

Adak 1 of 1 100% 0.02 0.02 0.02 0.0002

MDC — Minimum Detectable Concentration; SD — Standard Deviation.

Duplicate samples were collected for Dragon Kelp (3 Amchitka/2 Adak); Rockfish (4/1); greenling (3/2); halibut (0/1);
and rockweed (3/2). The maximum result for each duplicate pair was used for this summary.
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All units in pCi/kg wet weight.

Table 12. Descriptive Statistics for ***U

Species / Area No. of Detects ! ' Range of
(% >MDC) : Range : Median Mean + SD MDCs

Dragon Kelp | |

Amchitka 27 of 27 100% | 9.6- 354 , 18.7 20.2 £ 7.6 0.001 - 0.003

Adak 18 of 18 100% | 6.3- 382 | 14.7 16.8 £ 8.0 0.001 - 0.002
Sea Urchin I I

Amchitka 9 of 9 100% 113.5 - 19.5 | 17.7 17.0 £ 23 0.002

Adak 6 of 6 100% | 47-193 ' 155 143 %52 0.002
Horse Mussel : :

Amchitka 9 of 9 100% I12.2 - 67.1 | 38.2 40.0 £ 17.8 0.002 - 0.043

Adak 6 of 6 100% | 6.8 - 41.1 | 23.2 24.1 £ 13.6 0.001 - 0.002
Chiton I I

Amchitka 9 of 9 100% | 2.9 -26.8 | 20.9 189+ 7.1 0.001 - 0.002

Adak 6 of 6 100% I 3.6 -23.2 1| 9.3 12.3 £ 83 0.001 - 0.002
Rockfish | !

Amchitka 26 of 26 100% ' 1.9-14.2 7.1 7.8 £38 | 0.001 - 0.003

Adak 15 of 15 100% : 1.0 - 11.4 : 27  40+33 | 0.001 - 0.003
Greenling | |

Amchitka 27 of 27 100% | 1.8 -9.1 | 4.8 48 £+ 1.9 0.001 - 0.002

Adak 18 of 18 100%  1.1-73 3.5 3.8+ 18 0.001 - 0.002
Irish Lord I I

Amchitka 27 of 27 100% I 2.0 - 16.1 1 4.9 57 % 3.2 0.001 - 0.003

Adak 18 of 18 100% 1.5 - 13.0 | 3.8 5.2 £ 35 0.002
Octopus ! '

Amchitka 3 of 3 100% : 8.5 - 18.1 : 93 12.0#5.3 0.001

Adak 1 of 1 100% | 10.7 | 10.7 10.7 0.002
Pacific Cod | |

Amchitka 3 of 3 100% | 0.8 -21 1.8 1.6 £ 0.7 0.001

Adak 2 of 2 100% I 1.2 - 1.38 | 1.3 1.3 +0.1 0.001
Halibut I I

Amchitka 3 of 3 100% 0.2 -0.65 | 0.25 0.37 £ 0.24 0.001 - 0.002

Adak 1 of 1 100% ' 0.86 | 0.86 0.86 0.002
Rockweed : :

Amchitka 27 of 27 100% | 29 - 121 | 62.0 68.3 £ 25.8 0.001 - 0.002

Adak 18 of 18 100% | 37 - 120 | 64.5 65.7 £ 21.6 0.001 - 0.002
Gull Eggs (no eggs found on Adak) I I

Amchitka 1 of 1 100% I 0.015] 0.015 0.015 0.001
Dolly Varden [ |

Amchitka 1 of 1 100% ' 0.234! 0.23 0.23 0.002

Adak 1 of 1 100% ' 0.363! 0.36 0.36 0.001

MDC — Minimum Detectable Concentration; SD — Standard Deviation.
Duplicate samples were collected for Dragon Kelp (3 Amchitka/2 Adak); Rockfish (4/1); greenling (3/2); halibut (0/1);

and rockweed (3/2). The maximum result for each duplicate pair was used for this summary.
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Uranium isotopes were measured by direct aspiration quadrupole ICP-MS. Acceptable levels of
precision were obtained for the vast majority of samples collected and analyzed for this sampling
event. The mean reported measurement uncertainties (+1c) for measurement of 24y, U, and
281 were less than +1 percent, £1.2 percent, and + 5.5 percent, respectively. Data obtained for
23U and #**U appear to be of high quality, as evidenced by the internal consistency of 2> U/>*U
mass ratios (not reported). The associated uranium isotope mean reported sample measurement
MDC:s using the total sample mass as supplied and expressed as activity concentrations were
1.2, 0.0004, and 0.002 pCi/kg wet weight, respectively. In practice, the actual quantity of sample
used for uranium analysis was much less because high total dissolved solids content limits the
instrument’s ability to detect. Consequently, the actual mean working MDCs for detection and
measurement of > 4U, 2y, and 28U were around 0.007,2 x 107, and 0.0001 pCi, respectively.
Analyses performed on mass ratio and concentration standards satisfied all laboratory data
quality requirements for both precision and accuracy. Similarly, a series of duplicate
measurement met applicable laboratory data quality requirements within the quantifiable
capabilities of the technique (LLNL 2012).

6.2 Comparison of the 2004 and 2011 Data

As stated earlier in this section, the 2011 data would be compared qualitatively to CRESP data
(CRESP 2005) and will become the basis for future trending to begin in 2016. Appendix L
provides a comparison of the CRESP and 2011 data. Table 13 summarizes the marine species
sampled in both 2004 and 2011. This table is adapted from Appendix L, Table L-1. This
summary is based on a comparison of the range of detected concentrations (>MDC), as
documented in Tables L-2 through L-7. A large proportion of the 2004 results were below MDCs
for 1*’Cs, **' Am, and the plutonium isotopes. Central tendencies (e.g., mean or median
concentrations) are not accounted for here. The highlighted cells denote species/isotopes for
which 2011 results exceeded 2004 results.

Table 13. Summary of Marine Species Sampled in Both 2004 (CRESP) and 2011

Species g 241 o 239,240p | 234 235 233
Dragon kelp X X X X X X
Rockweed X X X X X X
Gumboot or Pacific chiton X X

Horse mussel X X X X X X
Sea urchin X X

Rockfish X X X X X X
Red or yellow Irish lord X X X X X X
Rock greenling X X

Pacific halibut X X X X X X
Pacific cod X X X X X X
Octopus X X

Dolly Varden X X

Glaucous-winged gull eggs X X

Maximum detected 2011 result > maximum detected 2004 result—'*"Cs, 2**U, and 2*®U only.
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Table 14 is an extract of Appendix L tables, specifically Tables L-2, L-5, and L-7, which
summarize only those species/isotopes in which 2011 results exceeded corresponding 2004
results (yellow highlighting). Figure 22 is a graphical presentation of that same information. The
bar chart provides a graphical comparison of the data listed in Table 13 and Table 14. For each
grouping of data, the maximum is denoted by the darkest bar or column. The following summary
can be made regarding comparison of 2004 to 2011 data:

« For ’Cs, 2011 maxima exceeding 2004 results correspond to samples collected from Adak.

e  For **U and #*U, although maximum concentrations were detected in samples from
Amchitka (2011), differences between 2004 results are nominal.

Furthermore, with respect to the uranium isotopes, uranium is a naturally occurring element
found at low levels in virtually all rock, soil, and water. Uranium found naturally has three
isotopes— ***U, **°U, and ***U—with the natural abundance of each of these isotopes, expressed
as a percentage, of 99.27, 0.72, and 0.0055, respectively. Uranium in soil and rocks is distributed
throughout the environment by wind, rain, and geologic processes. Rocks weather and break
down to form soil, and soil can be washed by water and blown by wind, moving uranium into
streams and lakes, and ultimately settling out and reforming as rock. The average crustal
abundance of uranium is 2.8 parts per million and equates to an activity concentration of

1,781 pCi/kg. This value is 6.5 and 8.4 times greater than the highest reported values of uranium
isotopes detected in rockweed on Amchitka and Adak Islands, respectively.

6.3 Comparison of Amchitka and Adak Data Collected in 2011

The data were analyzed to compare the average dry weight concentrations from Amchitka with
those from Adak. The Amchitka data were collected from the Long Shot, Cannikin, and Milrow
sites. Measurements were below the MDCs in most *' Am and plutonium data for the species
rockfish, greenling, Irish lord, cod, halibut, Dolly Varden, gull eggs, and rockweed. To avoid
introducing a bias for comparison, the raw data were used in all cases.

This section includes (1) concentration comparisons between sites for each combination of
radionuclide and organism, (2) an aggregate comparison between the sites using all the
combinations of radionuclide and organism, and (3) comparison of the isotopic concentrations of
uranium and plutonium.

The analysis in this section focuses on the difference of the average concentrations, which is
directly related to the health risks. In addition, further analysis would include comparing the
average and also the standard deviation. For example, the sites might have similar averages but
different variability. Tests with nonparametric statistics showed that most data are best handled
with the average as the primary statistic.
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Table 14. 2011 Results That Exceed 2004 (CRESP) Results

Summary of °'Cs Results: 2004 (CRESP) vs. 2011 Sampling
All units in pCi/kg wet weight.
2004 (CRESP) 2011
Species %= Range of Range of % = Range of Range of
Area’ n MDC  Detects’ MDCs n MDC  Detects’ MDCs
Rockfish
Amchitka 14 14% 3.0 - 51 2.5 - 207 26 88% 1.1 - 64 0.7 - 2.2
Kiska/Adak 4 I5% 3.5 2.6 - 106 15 93% 1.2 - 5.4 05 - 24
Dolly varden
Amchitka 10 20% 18.8 - 21.1 3.0 - 109 1 100% 98 1.0
Kiska/Adak ] 1 O34 447 1.0
Summary of >>*U Results: 2004 (CRESP) vs. 2011 Sampling
All units in pCi/kg wet weight.
2004 (CRESP) 2011
Species %= Range of Range of % = Range of Range of
Area® n MDC  Detects’ MDCs n MDC  Detects’ MDCs
Horse Mussel
Amchitka 6 100% 12 - 75.1 0.8 - 14 9 B9% 23.4 - B0.B 1.0 - 28
Kiska/Adak 2 100% 8.4 - 126 1.0 - 1.0 6 003 9.7 - 49.8 0.5 - 1.0
Irish Lord
Amchitka 2 100% 9.9 - 13.1 0.73 - 1.0 27 93% 3.0 - 19.3 1.0 - 2.0
Kiska/Adak 1 100% 15.3 1.0 18 g94% 29 - 16.0 1.0
Rockweed
Amchitka 10 100% 50 - 130 0.8 - 15 27 100% 35.0 - 144 1.0
Kiska/Adak 4  100% 74 - 140 0.4 - 13 18 100% 455 - 113 1.0
Summary of >*®U Results: 2004 (CRESP) vs. 2011 Sampling
All units in pCi/kg wet weight.
2004 (CRESP) 2011
Species Y= Range of Range of %= Range of Range of
Area® n NMDC Detects’ MDCs n MDC  Detects’ MDCs
Horse Mussel
Amchitka o] 00% 11 - 61.6 0.7 - 1.4 9 003 12.2 - 67.1 0.002 - 0.04
Kiskafadak 2 100% 7.5 - 12.6 1.0 6 100% 6.8 - 41.1 0.001 - 0.002
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Maximum Detected "*'Cs Range of MDCs

2004 2011 2004 2011
AMC Kiska| AMC Adak Min Max| Min Max
Rockfish 3.1 3.5 6.4 94 I 25 207 0.7 2.2 I
Dolly Varden 21 np | 98 447 I 3.0 109 | 1.0 1.0 I
Maximum Detected “**U Range of MDCs
2004 2011 2004 2011
AMC Kiska|AMC Adak Min Max| Min Max
Horse Mussel 75.1 12.6|20.82 49.8 I 0.2 14| 1.0 23.0 I
Irish Lord 13.1 15.3 (18.3 16.0 I 0.7 10| 1.0 2.0 I
Rockweed 130 140 | 144 113 I 04 15| 1.0 1.0 I
Maximum Detected **?U Range of MDCs
2004 2011 2004 2011
AMC Kiska|AMC Adak Min Max| Min Max
Horse Mussel 616 12.6|67.1 41.1 I 0.7 1.4 |0.001 0.04 I

AMC — Amchitka; MDC — minimum detectable concentration
All units in pCi/kg wet weight.

Legend:
ABCD . )
A — Amchitka 2004 max result ABCD A — CRESP 2004 min MDC
B — Kiska 2004 max result B — CRESP 2004 max MDC
C— Amchitka 2011 max result C— 2011 min MDC
D — Adak 2011 max result D - 2011 max MDC
Figure 22. 2011 Results That Exceed 2004 Results
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Figure 23 contains dry-weight concentrations at
Amchitka and Adak for each radionuclide. Each plot
contains the set of species along the horizontal axis.
The average concentration from the two sites is
compared for each species. Where possible, a standard
error of the mean is also displayed. The data indicate a
strong possibility of differences between the sites if
the difference between the averages (height difference
of the columns) is at least twice the combined
standard error.

Figure 24 shows this measure (ratio of the difference
between the sites to the measurement uncertainty,
expressed as the combined standard error) for each
species and radionuclide. If the bar is above the
t-Value = 2 line shown in yellow, then there is a
statistical significance between the results, with the

Standard Error: A measure of the
uncertainty of the average value is
called the standard error of the mean. It
is found by first characterizing the
range (standard deviation) of the
distribution of measurements. Typically,
68 percent of the measurements fall
within one standard deviation of the
average value. The uncertainty of the
average value (the standard error of the
mean) is found by dividing the width
(standard deviation) by the number of
samples minus one. If more samples
are taken, the range (standard
deviation) should not decrease, but the
standard error of the mean does
decrease. The standard error is roughly
cut in half when the number of
measurements quadruples.

higher concentration being at Amchitka (probability of random data having a value of 2 or above
is about 2.5 percent). If the bar is below the t-Value = -2 line, also shown in yellow, there is a
similar chance that the Adak concentration is higher than the Amchitka concentration.

Figure 24 shows that there are more bars above than below the zero value. This indicates a slight
bias towards larger concentration values at Amchitka. It is also expected, based on statistics
(p-value = 0.05), that even if the two sites had similar concentrations, 5 percent of the values
(i.e., 2 out of 40) are expected to fall either above or below the yellow lines. Actually, six are
observed (3 above and 3 below) and are listed in Figure 25. There does not seem to be a pattern,
in that each has a different species; each of the radionuclides (except the plutonium isotopes) has
one observation higher and one observation lower at Adak compared to Amchitka.

A further test is to compare the distribution of #-Values to that expected from statistically
sampling from similar concentrations. Figure 26 shows an expected distribution if the
concentrations at the sites are the same (a cumulative normal distribution) compared with the
actual distribution based on the data shown in Figure 24. The cumulative distribution is shifted to
the right by 0.5, which is the average t-Value, reflecting the bias of more bars on the top. The

S portion of the curves match quite well, but the two values (shown as blue diamonds) on the
bottom left show the greatest deviation from what is expected. These two values are the

238

U concentration in halibut and the >*' Am concentration in rockweed. With all the

measurements combined in this way, another test can be done. The average 7-Value of 0.5 can be
compared to the standard error of this measure (with 44 measurements and a standard deviation
of slightly larger than 1), resulting in an overall -Value of approximately 2.4. That is, the shift is
over 2 times the shift expected (95 percent) from random sampling, indicating that overall the

samples derive from different distributions.
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Figure 23. Comparison of Dry-Weight Concentrations (pCi/kg) at Amchitka and Adak
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Figure 24. Measure of Difference Between Amchitka and Adak Concentrations

The ratios of the uranium and plutonium isotope concentrations were also analyzed and are
shown in Figure 27. The average ratios of the activity concentrations of ***U, **U, and

2%U isotopes are 1: 0.042: 1.3, which is within the variations of natural background
(Zielinkaki et al. 1997 and 2008). The activity concentration of 24Py was about half that of
%Py, Variations in this ratio were larger between organisms than between sites. This activity
ratio corresponds to an atom ratio of 