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Summary 

Pacific Northwest National Laboratory (PNNL) has conducted several studies for the U.S. Depart-
ment of Energy (DOE) to evaluate the status and condition of Canada geese on the Hanford Reach of the 
Columbia River.  This report summarizes results of studies of Canada geese (Branta canadensis moffitti) 
at the Hanford Site dating back to the 1950s.  Results include information on the nesting (reproductive) 
success of Canada geese using the Hanford Reach, review of the local and regional migration of this 
species using data from bird banding studies, and summary data describing monitoring and investigations 
of the accumulation of Hanford-derived and environmental contaminants by resident goose populations. 

Canada goose nesting success has been studied on 20 islands within the Hanford Reach since 1953.  
The Hanford Reach generally is considered a free-flowing stretch of the Columbia between the tailrace of 
Priest Rapids Dam and the edge of McNary pool just north of Richland.  Islands within the Hanford 
Reach north of Richland fall naturally into two groups based on their geographic location—the upper 
10 islands border the Hanford Site near the retired reactor areas (100-D Area to an area 2 km downstream 
of the 100 F Area); the lower 10 islands border the eastern edge of the Hanford Site near Ringold 
downstream to the city of Richland.  The number of Canada goose nests found on the islands has varied 
from more than 300 in 1958 and 1991 to around 110 in 1975 and 1976.  Before 1970, nesting occurred 
primarily on the upper islands in the Hanford Reach.  After 1970, nesting shifted from the upper to the 
lower islands, with up to 90% of the Canada goose nests found on the lower islands in recent years.  The 
shift from upper to lower islands appears to have been precipitated primarily by an increase in predation, 
particularly by coyotes on the largest island, Locke Island (Island 6). 

Differences between the upper and lower islands were reflected also in the nesting success and clutch 
size.  Nesting success was 66.7% on the upper islands compared to 74.3% on the lower islands, while 
average clutch size was 5.0 on the upper islands compared to 5.9 on the lower islands.  There appears to 
be no difference in hatching rates between the island groups.  The nesting success differences between 
upper and lower islands may be a result of the higher predation on the upper islands.  Predation could 
have a two-fold impact—first, it would reduce the number of successful nests; second, the clutch size of 
any additional nesting attempts would be smaller. 

Adult and juvenile geese were banded after juvenile fledging to determine the extent of migration by 
the goose population at the Hanford Site.  Banding returns indicate that some birds migrated southward to 
California and/or northeast into southern Canada.  However, on average, 60% of the band returns were 
local (i.e., within 80 km).  The percentage of local returns has changed since the 1950s from 
approximately 59% to 73% in the 1980s.  

Contaminant concentrations found in goose tissue were evaluated based on data available in the 
Hanford Environmental Information System (HEIS) database.  The HEIS contains data for the period 
extending from 1971 through 2007.1

                                                      
1 Data from years prior to 1971 are not in electronic format and concentrate on short-lived radionuclides associated 
with operation of the Hanford Site single-pass reactors. 

  Contaminant data were collected primarily under the Surface 
Environmental Surveillance Project conducted by PNNL on the Hanford Site for DOE.  The contaminant 
results evaluated in this report represent the period following the shutdown of single-pass plutonium 
production reactors.  Summaries of the available data indicate that the accumulation of activation 
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products in Canada geese was low and associated dose rates were well below applicable guidelines.  
Strontium-90 and cesium-137 were the predominant radionuclides observed in Canada goose samples 
following the shutdown of the reactors.  Strontium-90 still is observed in recently collected goose bone 
and eggshell samples, although concentrations are now the same as those for reference locations. 

Statistical analysis of metal concentrations found in goose tissues revealed that arsenic, chromium, 
copper, lead, mercury, selenium, and thallium concentrations are slightly elevated in liver tissue from the 
Hanford Site when compared to samples collected at the offsite reference locations.  However, the 
maximum concentrations of these metals met or fell below existing toxicological benchmarks, suggesting 
minimal risk to Canada geese from exposure to these metals. 
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1.1 

1.0 Introduction 

Canada geese (Branta canadensis moffitti) found along the Hanford Reach of the Columbia River in 
southeastern Washington have been studied since the early 1950s as part of contaminant and wildlife 
monitoring to assess the potential effects of Hanford Site operations on wildlife.  The health and status of 
Canada goose populations and of waterfowl in general are of interest to the public and provide a metric 
against which to assess the potential influence of historic Hanford Site operations on wildlife using the 
Hanford Reach.  Pacific Northwest National Laboratory (PNNL) and its predecessor, General Electric, 
have conducted wildlife monitoring and contaminant surveillance studies of this species for the 
U.S. Department of Energy (DOE) as well as its predecessor agencies (the U.S. Atomic Energy 
Commission and the U.S. Energy Research and Development Administration) to evaluate the condition of 
the population, detect population trends, and assess contaminant burdens found in geese.  This report 
documents those studies and provides a synthesis of information regarding the condition and status of 
Canada geese that inhabit the Hanford Reach. 

The Canada geese in the Hanford Reach are a mixture of resident and migrant birds (Hanson and 
Eberhardt 1971; Ball et al. 1981).  Migrant birds arrive in early spring, with nesting by both resident and 
migrants occurring in April and May.  After hatching, the young leave the nest to forage in nearby areas 
(Eberhardt et al. 1989b) and fledge approximately 10 weeks after hatching (Eberhardt et al. 1989b).  
Some birds appear to leave the area throughout the summer and early fall, while others remain resident 
(Hanson and Eberhardt 1971; Eberhardt et al. 1989b).  Fall migrants also visit the region and may include 
lesser Canada geese (B. c. parvipes).  Canada geese are primarily herbivores preferring grasses and 
sedges, including grains; they also eat insects, crustaceans, and mollusks. 

The primary metric used to assess the health of Canada geese is nesting performance (Hanson and 
Browning 1959; Hanson and Eberhardt 1971; DeWaard 1981; Fitzner and Rickard 1983; Fitzner et al. 
1994).  Long-term monitoring of nesting performance also provides a way to evaluate the potential effects 
of legacy contamination from reactor operations, changes introduced by upstream hydroelectric dams, and 
increased recreational use of the Columbia River. 

Two other types of studies of Canada geese on the Hanford Reach are included in this report.  
Banding studies provide information on the migration patterns of Hanford Site geese and show changes in 
local residency (Hanson and Eberhardt 1971), and aid in quantifying the movement, activity budgets, and 
survival of broods (Eberhardt et al. 1989a, b, c).  Ongoing contaminant surveillance and monitoring 
studies have documented the levels of site-related contaminants found in geese at the site (Rickard and 
Sweany 1977; Rickard and Price 1990; Rickard and Schuler 1990; Dirkes and Hanf 1996, 1998; Poston 
et  al. 2000, 2002, 2004, 2006, 2008). 

The results of these investigations are reported in three sections.  Section 2 provides the summary of 
data and information describing nearly 50 years of monitoring nesting success and extends the analyses 
reported by Hanson and Eberhardt (1971), Fitzner and Rickard (1983), and Fitzner et al. (1994).  
Section 3 documents migration patterns for Canada geese banded from 1950 through 1994.  Section 4 
presents a summary of the contaminants found in Canada geese at the Hanford Site and a description of 
the trends in contaminant tissue burdens from 1971 through 2007. 

 



 

2.1 

2.0 Goose Nesting Studies 

The presence of large numbers of Canada geese nesting in the Hanford Reach is a relatively recent 
phenomenon.  Before the 1940s, goose nests were subjected to human and animal predation and flooding.  
With the establishment of the Hanford Reservation in 1943, access to the area and, in particular, the 
islands in the Hanford Reach, was restricted.  In addition, changes in regional farming practices reduced 
the rural population while increasing the potential food sources for the geese.  Construction of upstream 
hydroelectric dams reduced water-level fluctuations, opening up more island area for nesting.  All these 
changes favored the Canada goose nesting population within the Hanford Reach (Hanson and Eberhardt 
1971). 

Changes continue today along the Hanford Reach.  The Hanford Reach of the Columbia, along with 
other Hanford Site lands, was designated a National Monument in 2000 (65 FR 37253).  In addition, all 
DOE nuclear reactors on the Hanford Site have been decommissioned, and the site is in the midst of 
cleanup activities.  These changes have increased the usage of the area for recreational activities that can 
potentially disturb nesting activities. 

Since the early 1950s, researchers have studied the nesting success of Canada geese found on the 
Hanford Reach (Hanson and Browning 1959; Hanson and Eberhardt 1971; DeWaard 1981; Fitzner and 
Rickard 1983; Fitzner et al. 1994).  Nesting surveys were initiated in 1953 to document the reproductive 
performance of the goose population and determine whether nesting success was affected by nuclear 
reactor operations on the Hanford Site. 

This section describes the results of surveys from 1957 through 2001 and documents the history and 
long-term trends in the status of the Canada goose nesting population with respect to the number of nests, 
nesting success, hatching rates, and clutch sizes. 

2.1 Study Area 

The Hanford Reach is the 88-km segment of the Columbia River considered the only free-flowing 
segment of the river in the United States upstream of Bonneville Dam.  The Hanford Reach lies between 
McNary and Priest Rapids dams in southeastern Washington at the southern edge of the Columbia 
Plateau.  Canada geese nest almost exclusively within a group of islands that extend from river 
kilometer (RK) 547 to 607 (river mile [RM] 340 to 377) (Figure 2.1).  Some nesting also occurs along the 
river shoreline, especially on the White Bluffs. 

The islands fall naturally into two groups:  upper (Islands 1 through 10 in the upriver section of the 
Hanford Reach) and lower (Islands 11 through 20 in the downriver portion of the Hanford Reach) 
(Figure 2.1).  The island south of Island 20 was not included for a variety of reasons, including its 
proximity to shore (at low water, there is a land bridge) and to population centers.  The sizes of the islands 
vary from 2 to 3 ha (Islands 4, 5, and 10) to more than 120 ha (Island 6 or Locke Island) (DeWaard 1981; 
Table 2.1).  These sizes were determined in 1979 from aerial photographs and were approximately 
30% larger than those reported in Hanson and Eberhardt (1971) due to differences in water elevation at 
the time the photographs were taken.  Erosion also affects island size, and Locke Island (Island 6) has 
experienced significant erosion since the 1990s (Bjornstad 2006).  Elevational profile of the island is  
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another factor affecting nesting; nesting has occurred on Island 16 only three times in over 40 years 
because it has a lower profile and is subject to frequent flooding in the spring (Hanson and Eberhardt 
1971). 

 
Figure 2.1. Islands in the Hanford Reach of the Columbia River Used by Canada Geese for Nesting, 

1957–2001 

Table 2.1.  Area of Islands in the Hanford Reach of the Columbia River (DeWaard 1981) 

 Upper Islands 
Island No. 1 2 3 4 5 6 7 8 9 10 
Area (ha) 7.3 8.3 62.3 2.5 2.8 121.1 6.8 17.3 13.8 1.7 

 Lower Islands 
Island No. 11 12 13 14 15 16 17 18 19 20 
Area (ha) 20.7 46.0 66.3 93.8 14.4 - - 37.6 28.8 47.7 12.8 
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Several of the upper islands are adjacent to or immediately downstream of reactors used for 
plutonium production during the Cold War.  Various reactors were in operation between 1944 and 1987.  
Additionally, between 1943 and 1977, boating access to Islands 1 to 11 was restricted due to their 
proximity to the reactors (DeWaard 1981).  Two islands in the lower group of islands are adjacent to the 
city of Richland (Islands 19 and 20), while Islands 17 and 18 are adjacent to the 300 Area that was used 
for reactor fuel fabrication, research and development, and solid and liquid waste disposal.  Island 13 is 
opposite the outfall from the Northwest Energy Columbia Generating Station, Washington State’s only 
currently operating commercial nuclear power plant; the plant went online in 1984. 

Vegetation on the islands consists of two main forms—shoreline riparian vegetation and upland 
vegetation away from the water.  Along the shoreline, a number of different riparian vegetation cover 
types dominate depending on substrate, island topography, and aspect.  The most common riparian habitat 
types are low shrub-forb-cobble (about 22% of the mapped vegetation on islands) and riparian grasses 
(about 4% including reed canarygrass, Phalaris arundinaceae).  Species that commonly occur in low 
shrub-forb-cobble vegetation include mulberry (Morus alba) and low rhizomatous subshrubs such as 
common dogbane (Apocynum caninum), western goldenrod (Solidago occidentalis), and scattered herbs.  
Since the surveys began in the 1950s, the primary vegetative change has been the establishment of tree and 
shrub willows (Salix spp.) on many of the islands.  Upland vegetation cover types include both shrub-steppe 
species (13% of mapped area) and an upland transition zone (25% of the mapped area of the islands) 
dominated by riparian Artemisia subshrub species (e.g., Artemisia campestris or northern wormwood) and 
perennial grasses (e.g., Sporobolus cryptandrus) or forbs.  Exotic weeds such as knapweeds and cheatgrass 
dominate portions of the riparian and upland elevations on many of the islands, particularly Locke Island 
(Island 6). 

2.2 Methods 

Nesting success of the geese was determined by counting nests and documenting the fate of the eggs 
within a nest.  Surveys were conducted annually between 1953 and 1995 and biannually thereafter until 
2001, when the surveys ceased.  Surveys usually began the last week of March unless mild temperatures 
and early pairing of geese were noted.  Nests generally were revisited every 10 to 14 days until hatching 
ended in May.  Abbreviated surveys were conducted in 1959 when only a single visit was made to 
evaluate the effect of human disturbance on nesting success, and in 1997, when nests were visited twice, 
at the beginning and toward the end of the normal hatching period.  Data for these years were not 
included in the analysis of nesting trends.  In addition, archived data sets were incomplete before 1957; 
analyses are therefore based on data for 1957 through 2001. 

Nests were located during walking surveys of each island.  Each located nest was numbered and 
flagged, and the number of eggs was recorded, as was a description of the substrate and dominant 
vegetation.  Nest surveys were repeated at approximately 2-week intervals to determine the fate of the 
eggs in each nest.  When nests were examined, a determination was made for each egg as to whether it 
had hatched, was destroyed by a predator (i.e., predated) 1

                                                      
1 See 

, had been abandoned, had been subjected to 
flooding, or, if the egg could not be accounted for, the fate was classed as unknown.  Unhatched eggs 
remaining in the nest at the end of the nesting season were opened to determine whether they were fertile 

https://listserv.umd.edu/cgi-bin/wa?A2=ind0411c&L=ecolog-l&O=D&P=186 for a discussion on the use of 
predate vs. depredate. 

https://listserv.umd.edu/cgi-bin/wa?A2=ind0411c&L=ecolog-l&O=D&P=186�
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or infertile.  Those eggs with yolk wholly or partially suspended in the albumen were classified as 
infertile, while eggs containing embryos were classified as fertile. 

Nesting success was characterized according to the following criteria.  A successful nest had at least 
one egg hatch.  If no eggs hatched, the fate of the nest was classified based on the presence of predated 
eggs, abandoned eggs, and flooded eggs, in that order.  If none of these conditions was documented for a 
nest, then the fate of the nest was classified as unknown.  Although a nest might contain eggs with 
different fates, the nest itself was assigned to only a single classification.  

The measure of nesting success is generally based on the ratio of successful nests to total nests and 
is termed the apparent nest success.  This measure is biased if unsuccessful nests are undercounted.  
Undercounting can occur if the nests are hard to locate, if there are multiple nesting attempts, or if there 
are multiple clutches.  To reduce the bias, estimators such as the Mayfield estimator are often used 
(Johnson and Shaffer 1990).  However, nesting on islands presents a unique situation, especially in the 
arid environment of the Hanford Reach where visibility is very high.  In nearly all years, nests were 
visited while eggs were still being laid, so unsuccessful nesting attempts were more likely to be recorded.  
In addition, island nesting is considered synchronous, and Canada geese generally have only one clutch a 
year, so it was considered unlikely that nesting attempts were missed.  Our survey techniques might have 
missed an abandoned nest that was subsequently taken over by another nesting pair.  In addition, because 
adults were not marked, we were not able to distinguish re-nesting attempts.  A constraint of the Mayfield 
estimator is that it assumes a constant mortality rate and performs poorly if mortality is catastrophic.  
Nesting mortality on islands is generally catastrophic, resulting from flooding events or the introduction 
of a predator.  Thus, for the Hanford Reach islands, no adjustment was made to the estimate of nesting 
success for Canada geese. 

The hatching rate was calculated as the number of hatched eggs per total number of eggs laid and was 
determined only for nests where at least one egg hatched.  Clutch size was the average number of eggs per 
nest per island. 

2.3 Results 

The number of Canada goose nests on islands of the Hanford Reach has varied from more than 
300 in 1958 and 1991 to around 110 in 1975 and 1976 (Table 2.2).  Before 1970, an average of 70% of 
the nesting occurred on the upper islands in the Hanford Reach.  After 1970, there was a shift from the 
upper to the lower islands (Figure 2.2); 70% of the Canada goose nests now occur on the lower islands. 

Although the total number of nests has changed dramatically between the upper and lower islands, 
only nine of the islands showed a significant change in density before and after 1970 (Figure 2.3).  For the 
upper islands, three of the four significant changes in nesting density (P < 0.05) went from higher nest 
density before 1970 to lower after 1970.  The reverse was true on the lower islands, where all 
five significant differences indicated higher nesting densities after 1970.  For all the islands, Islands 1 and 
2 had the highest nesting densities, with around 3.2 nests/ha on Island 1 and 2.1 nests/ha on Island 2.  For 
the remaining islands, density varied from 0.1 nest/ha on Island 7 to 0.7 nest/ha on Island 20.  Much of 
the change in number of nests on the upper islands is attributable to changes occurring on Islands 3 and 6.  
The highest nesting density on both islands occurred before 1960 and then declined until both were close 
to zero in 1970.  Because Island 6 (Locke Island) is the largest island (more than 120 ha, Table 2.1), the 
change in density from 0.7 before 1970 to 0.01 after 1970 meant a change in number of nests from more 
than 80 per year to 1 per year. 
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Table 2.2.  Fate of Canada Goose Nests on Islands in the Hanford Reach, Columbia River, 1957–2001 

Year 
 Number of Nests Average 

Clutch Size Total(a) Successful Abandoned Predated Flooded Unknown Fate 
1957 265 166 22 47 2 26 4.8 
1958 307 146 57 60 0 43 4.7 
1959 195(b)       
1960 246 165 20 22 4 34 5.2 
1961 231 198 12 11 2 6 5.7 
1962 170 128 6 15 2 18 5.3 
1963 226 146 16 5 0 59 5.6 
1964 166 132 8 8 0 16 5.0 
1965 130 51 31 11 1 30 3.9 
1966 242 180 42 13 0 7 5.5 
1967 187 109 29 42 0 6 5.4 
1968 170 117 25 23 4 1 5.6 
1969 167 133 8 18 4 4 5.4 
1970 119 83 9 18 0 8 5.3 
1971 113 86 4 0 5 16 5.3 
1972 157 127 5 19 0 6 5.6 
1973 130 106 8 8 0 7 5.4 
1974 147 75 14 36 4 18 5.0 
1975 114 83 11 7 0 13 5.1 
1976 112 83 9 8 0 12 5.3 
1977 126 71 5 31 0 19 5.1 
1978 138 105 6 17 0 10 5.4 
1979 133 99 10 9 0 14 5.5 
1980 155 100 26 13 1 15 5.3 
1981 157 124 14 13 0 5 5.9 
1982 172 138 17 11 1 5 5.9 
1983 227 145 13 31 1 35 5.7 
1984 202 124 15 13 1 48 5.6 
1985 193 157 10 19 0 4 5.5 
1986 168 152 7 1 2 6 5.9 
1987 248 179 27 19 11 12 5.8 
1988 215 147 19 26 1 19 5.9 
1989 264 194 6 20 10 34 5.3 
1990 253 194 7 12 16 24 5.4 
1991 316 244 15 15 15 25 5.7 
1992 287 213 10 34 7 23 6.1 
1993 235 196 1 14 0 24 5.7 
1994 181 153 1 5 13 9 5.6 
1995 246 151 8 38 18 31 5.7 
1997 209(b)       
1999 243 198 8 19 4 14 5.4 
2001 228 186 19 15 0 8 5.7 

(a) Numbers may not agree with those previously published because of differences in reporting and analysis.  Numbers 
presented are consistent with those in the Ecosystems Monitoring Database. 

(b) Limited number of surveys in these years. 
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Figure 2.2. Number of Canada Goose Nests over Time on Upper Islands (1 through 10) Compared to 

Lower Islands (11 through 20) in the Hanford Reach, Columbia River 
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Figure 2.3. Mean Nesting Density for Canada Geese on Islands in the Hanford Reach, Columbia River, 

for 1957–1970 and 1971–2001.  Error bars are ±95% confidence intervals. 
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Table 2.3. Percentage of Canada Goose Nests Classified as Successful, Predated, Abandoned, Flooded, 
or Fate Unknown for Upper and Lower Islands in the Hanford Reach, Columbia River.  
Limited surveys in 1959 and 1997 did not allow nesting success to be determined.  After 
1995, surveys were conducted during alternating years. 

Year 

Upper Islands (1 through 10) Lower Islands (11 through 20) 

N 
% 

Succ. 
% 

Aband. % Pred. 
% 

Flood. 
% 

Unk. N 
% 

Succ. 
% 

Aband. 
% 

Pred. 
% 

Flood. 
% 

Unk. 

1957 194 63.9 6.2 17.5 1.0 11.3 71 59.2 14.1 18.3 0.0 8.5 

1958 213 38.0 18.3 25.8 0.0 17.8 94 69.1 19.1 5.3 0.0 6.4 

1959 160      35      

1960 185 64.3 7.6 10.3 2.2 15.7 61 75.4 9.8 4.9 0.0 9.8 

1961 170 85.9 2.9 5.9 0.6 4.7 61 85.2 11.5 1.6 1.6 0.0 

1962 124 75.8 2.4 12.1 1.6 8.1 46 73.9 6.5 0.0 0.0 19.6 

1963 166 65.7 4.8 2.4 0.0 27.1 60 61.7 13.3 1.7 0.0 23.3 

1964 126 84.1 2.4 6.3 0.0 7.1 40 65.0 12.5 0.0 0.0 22.5 

1965 95 31.6 28.4 11.6 1.1 27.4 35 60.0 11.4 0.0 0.0 28.6 

1966 170 72.9 18.2 5.9 0.0 2.9 72 77.8 15.3 4.2 0.0 2.8 

1967 117 47.9 14.5 31.6 0.0 6.0 70 75.7 17.1 7.1 0.0 0.0 

1968 103 64.1 11.7 20.4 3.9 0.0 67 76.1 19.4 3.0 0.0 1.5 

1969 104 81.7 1.9 8.7 3.8 3.8 63 76.2 9.5 14.3 0.0 0.0 

1970 57 59.6 7.0 26.3 0.0 7.0 62 79.0 8.1 4.8 0.0 8.1 

1971 54 81.5 0.0 0.0 3.7 14.8 59 71.2 6.8 0.0 5.1 16.9 

1972 68 73.5 1.5 19.1 0.0 5.9 89 86.5 4.5 6.7 0.0 2.2 

1973 53 84.9 3.8 7.5 0.0 3.8 77 79.2 7.8 5.2 0.0 7.8 

1974 59 32.2 6.8 45.8 1.7 13.6 88 63.6 11.4 10.2 3.4 11.4 

1975 37 64.9 0.0 13.5 0.0 21.6 77 76.6 14.3 2.6 0.0 6.5 

1976 49 77.6 2.0 4.1 0.0 16.3 63 71.4 12.7 9.5 0.0 6.3 

1977 33 3.0 0.0 63.6 0.0 33.3 93 75.3 5.4 10.8 0.0 8.6 

1978 53 83.0 1.9 5.7 0.0 9.4 85 71.8 5.9 16.5 0.0 5.9 

1979 37 81.1 2.7 5.4 0.0 10.8 96 71.9 9.4 7.3 0.0 11.5 

1980 40 77.5 7.5 12.5 0.0 2.5 115 60.0 20.0 7.0 0.9 12.2 

1981 44 77.3 2.3 15.9 0.0 4.5 113 79.6 11.5 5.3 0.0 3.5 

1982 58 93.1 0.0 5.2 0.0 1.7 114 73.7 14.9 7.0 0.9 3.5 

1983 78 52.6 1.3 26.9 0.0 19.2 149 69.8 8.1 6.7 0.7 14.8 

1984 71 64.8 0.0 8.5 0.0 26.8 131 59.5 11.5 5.3 0.8 22.9 

1985 60 71.7 0.0 26.7 0.0 1.7 133 85.7 7.5 2.3 0.0 4.5 

1986 52 92.3 1.9 1.9 0.0 3.8 116 89.7 5.2 0.0 1.7 3.4 

1987 72 80.6 2.8 9.7 6.9 0.0 176 68.8 14.2 6.8 3.4 6.8 

1988 21 14.3 0.0 76.2 0.0 9.5 194 74.2 9.8 5.2 0.5 10.3 

1989 69 65.2 0.0 21.7 4.3 8.7 195 76.4 3.1 2.6 3.6 14.4 

1990 68 77.9 1.5 8.8 2.9 8.8 185 76.2 3.2 3.2 7.6 9.7 

1991 96 78.1 0.0 9.4 5.2 7.3 220 76.8 6.8 2.7 4.5 9.1 
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Table 2.3.  (contd) 

Year 

Upper Islands (1 through 10) Lower Islands (11 through 20) 

N 
% 

Succ. 
% 

Aband. % Pred. 
% 

Flood. 
% 

Unk. N 
% 

Succ. 
% 

Aband. 
% 

Pred. 
% 

Flood. 
% 

Unk. 

1992 77 61.0 1.3 29.9 0.0 7.8 210 79.0 4.3 5.2 3.3 8.1 

1993 28 64.3 0.0 14.3 0.0 21.4 207 86.0 0.5 4.8 0.0 8.7 

1994 27 77.8 0.0 14.8 3.7 3.7 154 85.7 0.6 0.6 7.8 5.2 

1995 42 35.7 0.0 47.6 4.8 11.9 204 66.7 3.9 8.8 7.8 12.7 

1997             

1999 53 86.8 0.0 11.3 0.0 1.9 190 80.0 4.2 6.8 2.1 6.8 

2001 29 75.9 3.4 20.7 0.0 0.0 199 82.4 9.0 4.5 0.0 4.0 

Mean 81.3 66.6(a) 4.2(b) 17.8(c) 1.2 10.2 113.4 74.3(a) 9.6(b) 5.5(c) 1.4 9.2 

Min. 21.0 3.0 0.0 0.0 0.0 0.0 35.0 59.2 0.5 0.0 0.0 0.0 

Max 213.0 93.1 28.4 76.2 6.9 33.3 220.0 89.7 20.0 18.3 7.8 28.6 
(a) Means with same letters are significantly different at P = <0.05 between upper and lower island groups. 
(b) Means with same letters are significantly different at P = <0.05 between upper and lower island groups. 
(c) Means with same letters are significantly different at P = <0.05 between upper and lower island groups. 
 

The fate of the nests also varied by island group; the percentage of successful nests generally was 
higher on the lower islands compared to the upper islands (Table 2.3).  Overall, nearly 75% of the nests 
on the lower islands were successful compared to 67% on the upper islands (Table 2.3).  In addition to the 
significant difference in percentage of successful nests between upper and lower island groups (P = 0.03), 
what is most striking is the variability in nesting success on the upper islands (3–93%) compared to the 
lower islands (59–90%).  On the upper islands, for those nests where the fate was known, predation was 
the primary factor impacting Canada goose nests; more than 17% of the nests were destroyed by predators 
compared to 5% on the lower islands (significant at P < 0.001).  On the other hand, there were 
significantly more abandoned nests on the lower islands compared to the upper islands (P < 0.001) 
(Table 2.3).  Flooding appears to have had a minimal impact on Canada goose nests with, on average, 
only 1% of the nests flooded on either the upper or lower islands.  Flooding had a slightly higher impact 
on the lower islands from 1990 through 1995, but there was no significant difference in the number of 
nests flooded.  There was also no significant difference between the island groups (P = 0.67) in the 
number of nests where the fate was undetermined (P = 0.48). 

In addition to nesting success, clutch size and hatching rate also are important in documenting the 
health of a population.  For Canada geese in the Hanford Reach, average clutch size varied from 
5.0 eggs/nest on the upper islands to 5.9 eggs/nest on the lower islands (Figure 2.4).  Within the islands, 
Canada geese nesting on Island 10 had the lowest clutch size (4.7 ± 1.7), while those nesting on Island 15 
had the largest clutch size (6.1 ± 0.7).  Clutch size varied also with survey date; the nests found in the 
latter part of March had significantly larger clutches (mean = 6.4 eggs/nest) than those found in the first 
part of May (mean = 4.8 eggs/nest) (P < 0.001) (Figure 2.5). 
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Figure 2.4. Number of Canada Goose Eggs per Nest (Clutch Size) for Upper Islands (1 through 10) 

and Lower Islands (11 through 20) in the Hanford Reach, Columbia River.  Error bars are 
±95% confidence intervals. 

4

4.5

5

5.5

6

6.5

7

Mar - Wk 4 Apr - Wk 1 Apr - Wk 2 Apr - Wk 3 Apr - Wk 4 May - Wk 1

Week First Observed 

C
lu

tc
h 

Si
ze

 

 
Figure 2.5. Clutch Size for Canada Goose Nests on Islands in the Hanford Reach as a Function of Date 

First Observed.  Error bars are 95% confidence intervals.  Samples sizes:  448 (Mar – Wk 4); 
2708 (Apr – Wk 1); 1332 (Apr – Wk 2); 562 (Apr – Wk 3); 188 (Apr – Wk 4);  
65 (May – Wk 1). 

 
Hatching rates for Canada geese increased over the study period.  Rates in the early years were less 

than 90%, while rates in the 1990s were generally above 90% (Figure 2.6).  These rates were based on the 
total number of eggs recorded in a nest and included eggs that were predated, abandoned, or of unknown 
fate and, as such, are a conservative estimate.  If nests are considered only where the fate of all eggs was  
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known, then the hatching rate is nearly 95% (range 88% to 100%).  There appears to be little consistent 
difference between island groups in hatching rate, with upper and lower islands having similar rates since 
the late 1980s. 
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Figure 2.6. Hatching Rate for Successful Nests on Upper Islands (1 through 10) and Lower Islands 

(11 through 20) on the Hanford Reach, Columbia River.  Data for 1977 and 1988 were 
excluded because of low sample sizes for upper islands (1977, N = 1; 1988, N = 3); a special 
study in 1959 did not collect data to calculate hatching rate.  Error bars are ±95% confidence 
intervals. 

2.4 Discussion 

The health of the Canada goose population along the Hanford Reach has been monitored for the past 
50 years for both management and radioecological purposes; many of the health measurements are 
centered around nesting activity.  Nesting fate is a practical measurement for geese in this area where 
measurements reveal the relative impacts from the primary forces regulating the nesting population 
(flooding and predation).  Clutch size also is an important biological indicator of pollution (Eeva and 
Lehikoinen 1995; Bustnes et al. 2003) and could potentially document any deleterious effects related to 
Hanford Site operations. 

The primary change in nesting activity along the Hanford Reach has been the shift in the distribution 
of nests from the upper to the lower islands.  Predation appears to be the primary driver for this shift, with 
major predation events observed over the years.  Coyotes (Canis latrans) are a primary predator on the 
upper islands (Hanson and Eberhardt 1971; Fitzner and Rickard 1983).  For example, in 1965, a single 
coyote on Island 6 (Locke Island) killed 7 geese, destroyed 11 nests, and caused 28 nests to be abandoned 
(Fitzner and Rickard 1983).  In 1977, all nests on Islands 1 and 2 were destroyed by coyotes (DeWaard 
1981), while in 1988, a common raven (Corvus corax) predated all 15 nests on Island 2 (Fitzner et al. 
1994).  In the early 1950s, Hanson and Browning (1959) found magpies (Pica pica) to be a major nest 
predator destroying all the nests (23) on a single island.   
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Much of the decrease in nest numbers on the upper islands is attributable to changes on Island 6 
(Locke Island).  This is the largest of the 20 islands and, in years prior to the late 1960s, nesting on this 
island accounted for 30% of the total number of nests (Table 2.4).  The 1965 predation event (see above) 
was followed by another in 1967 when two resident coyotes destroyed all but one of 21 nests.  In 1968 
several coyotes were shot and nesting rebounded for several years, but since 1970, coyotes have been 
more or less permanent residents on the island, with the result that few to no nests have been found.   

Periodic coyote control efforts have been attempted in the Hanford Reach (Hanson and Eberhardt 
1971; Fitzner and Rickard 1983) but have had little influence on the number of geese nesting on the 
islands subject to predation pressure. 

The increase in predation by coyotes may be related to the change in river flow patterns following 
the completion of several upstream dams, including Priest Rapids Dam in 1959, Rocky Reach in 1961, 
Wanapum in 1962, and Wells in 1967.  The flow pattern prior to the 1970s was characterized by peak 
flows in May and June around 350,000 cfs (Figure 2.7).  Since the early 1970s, peak flows during the 
May–June period now average less than 200,000 cfs.  This change may have allowed coyotes easier and 
more frequent access to the islands.  In addition, lower flows have contributed to a change in the island 
vegetation, with an increase in the amount of willows and in the proportion of the area that is vegetated 
(DeWaard 1981).  For example, there was only a single nesting attempt on Island 5 before 1978 when 
six nests were found in 1967.  Hansen and Eberhardt (1971) described Island 5 as having a low profile 
and lacking in nesting cover.  In 1981, DeWaard (1981) found more than 70% of the island vegetated and, 
since 1978, from 1 to 10 nests have been located on the island.  

Although the upper islands are subject to predation, they are generally protected from human 
disturbance.  Even with the lifting of boating restrictions in 1977, the upper islands are still further from 
population centers.  This is not true of the lower islands, which, given their proximity to urban popula-
tions, are easily visited by boaters.  Human disturbance is probably the primary reason for the higher 
proportion of abandoned nests on the lower islands compared to that on the upper islands (Hanson and 
Eberhardt 1971).  DeWaard noted that Island 12 had the highest desertion rate of all the islands between 
1971 and 1980.  The island is adjacent to a fish hatchery, and the area near the hatchery is heavily fished.  
In 1980, 55% of the deserted nests were on Island 12.  Most of these were deserted over a 4-week period 
that was coincident with an unusually large spring run of steelhead (DeWaard 1981).  In 1987, Fitzner et 
al. (1994) documented the presence of a fisherman with his dog on Island 17, with the result that more 
than 40% of the nests were either destroyed or abandoned. 

The temporal change in the distribution of nests in the Hanford Reach is reflected also in the density 
of nests, with densities generally decreasing on the upper islands and increasing on the lower islands since 
the 1950s.  However, the densities on the two northernmost islands (Islands 1 and 2) have remained high 
over the 40 years of monitoring and also have the highest density of all the islands (greater than 
2 nests/ha).  For comparison, Canada geese on Akimiski Island in Canada had a nesting density of 0.12 to 
0.32 nests/ha (Leafloor et al. 2000). 

Another measure of nesting performance is clutch size.  Clutch size is affected by many factors, 
including latitude (Dunn and MacInnes 1987), the fitness of the female goose (Raveling et al. 2000), 
initiation date of the nest (Krapu et al. 2004), weather (Dunn and MacInnes 1987), and pollution 
(Sargeant and Raveling 1992).  Clutch size for Canada geese in Canada averaged from 3.5 to 
4.6 eggs/nest (Leafloor et al. 2000); Ball et al. (1981) found mean clutch sizes in Washington State to 
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range from 5.4 to 6.2 eggs/nest.  In the Hanford Reach, clutch sizes were smaller on the upper islands 
(mean 5.0 eggs/nest) compared to the lower islands (mean 5.9 eggs/nest).  DeWaard (1981) suggested the 
difference in clutch size between upper and lower islands was due to crowding.  This may be a factor, as 
Islands 1 and 2 have the highest densities and among the lowest clutch sizes. 

Table 2.4. Number of Canada Goose Nests on All Islands and on Island 6 in the Hanford Reach of the 
Columbia River for the Survey Period 

Survey Year 
Total Nests Successful Nests 

All Islands Island 6 % All Islands Island 6 % 
1957 265 122 46.0 166 76 45.8 
1958 307 108 35.2 146 50 34.2 
1959(a) 195 104 53.3    
1960 246 97 39.4 165 64 38.8 
1961 231 97 42.0 198 87 43.9 
1962 170 69 40.6 128 58 45.3 
1963 226 103 45.6 146 66 45.2 
1964 166 84 50.6 132 72 54.5 
1965 130 47 36.2 51 3 5.9 
1966 242 85 35.1 180 64 35.6 
1967 187 21 11.2 109 1 0.9 
1968 170 40 23.5 117 30 25.6 
1969 167 52 31.1 133 47 35.3 
1970 119 3 2.5 83 0 0.0 
1971 113 10 8.8 86 8 9.3 
1972 157 9 5.7 127 2 1.6 
1973 130 1 0.8 106 1 0.9 
1974 147 0 0.0 75 0 0.0 
1975 114 5 4.4 83 0 0.0 
1976 112 0 0.0 83 0 0.0 
1977 126 0 0.0 71 0 0.0 
1978 138 1 0.7 105 0 0.0 
1979 133 0 0.0 99 0 0.0 
1980 155 0 0.0 100 0 0.0 
1981 157 0 0.0 124 0 0.0 
1982 172 9 5.2 138 8 5.8 
1983 227 3 1.3 145 0 0.0 
1984 202 0 0.0 124 0 0.0 
1985 193 0 0.0 157 0 0.0 
1986 168 0 0.0 152 0 0.0 
1987 248 0 0.0 179 0 0.0 
1988 215 0 0.0 147 0 0.0 
1989 264 1 0.4 194 0 0.0 
1990 253 0 0.0 194 0 0.0 
1991 316 0 0.0 244 0 0.0 
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Table 2.4.  (contd) 

Survey Year 
Total Nests Successful Nests 

All Islands Island 6 % All Islands Island 6 % 
1992 287 0 0.0 213 0 0.0 
1993 235 0 0.0 196 0 0.0 
1994 181 0 0.0 153 0 0.0 
1995 246 0 0.0 151 0 0.0 
1999 243 0 0.0 198 0 0.0 
2001 228 0 0.0 186 0 0.0 
(a) Limited number of surveys; nesting success not determined. 
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Figure 2.7. Daily Average Stream Flow in Cubic Feet per Second (cfs) Monitored on the Columbia 

River Downstream from Priest Rapids Dam.  Source:  DART (2008). 

 
An additional factor affecting clutch size is the nest initiation date (Krapu et al. 2004).  For Canada 

geese nesting along the Hanford Reach, clutch size decreased from an average 6.4 eggs/nest for nests 
located the last week of March to 4.9 eggs/nest for nests located by the first week of May (Figure 2.5).  
Krapu et al. (2004) conjectured that large early clutches are adaptive because of higher survival of early 
hatched young.  In other studies, clutch size appears to be strongly related to the fitness of the female 
goose, and Raveling et al. (2000) noted that about 17% of the breeding-age geese raise 50% of the young, 
with aggressiveness positively related to nesting and brood-rearing success.  In the Columbia Basin, early 
nesting females may be local birds that have spent the winter feeding on local fields and therefore may be 
larger than birds migrating to the area.  The change in clutch size may also reflect re-nesting after losing 
the initial nest.  The female would have fewer resources for the next clutch.  However, without marking 
individual adults, the reason for the decline in clutch size is speculative. 
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Clutch size appears to be correlated also to the number of surveys (Table 2.5).  The number of 
surveys was generally similar between upper and lower islands; however, there was a shift over the years 
in the number of surveys conducted each season.  Before 1970, the nests were surveyed weekly; this 
shifted to biweekly in 1971.  The highest and least-variable clutch size was associated with between 
three and five surveys per nest (once the nest was established).  Hatching rate was also correlated to the 
number of surveys; the longer time interval between surveys makes an accurate assessment of egg fates 
more difficult.  The highest hatching rates were associated with nests that were visited a minimum of 
four times.  In the late 1950s and 1960s, the average number of visits was over six; this fell to less than 
four in the late 1970s.  More surveys were carried out in the 1980s (average 5.5 to 6) but fell again in the 
1990s to around 4.25.  The longer time between visits increased the uncertainty on the fate of eggs and 
adds another factor to the attempt to determine the cause for the fluctuations in clutch size and hatching 
rate. 

Table 2.5. Clutch Size and Hatching Proportion as a Function of Number of Surveys to a Nest Once 
Eggs Were Present.  Data only for successful nests where the fate of eggs was known.  

Number of 
Surveys 

Number of 
Nests 

Clutch Size Hatch Proportion 
Mean Std. Dev. Mean Std. Dev. 

1 223 3.6 1.96 0.18 0.379 
2 1716 5.4 1.77 0.60 0.466 
3 2369 5.8 1.44 0.80 0.360 
4 1427 5.8 1.42 0.86 0.282 
5 499 5.8 1.30 0.83 0.291 
6 119 5.9 1.70 0.77 0.333 
7 16 5.9 1.89 0.36 0.463 
8 1 6.0 0.00 1.00 0.000 
Total 6370 5.6 1.60 0.74 0.401 
      

Weather also can affect clutch size.  An analysis of various weather factors, including the number of 
days below freezing, precipitation, and minimum temperatures, found the number of March days below 
freezing had a slight negative impact on clutch size.  However, weather, especially in the Columbia Basin, 
probably has a lesser impact on clutch size than on brood survival, especially on prefledged young 
(Sargeant and Raveling 1992).  On the other hand, a cool early spring could affect female weight, with 
more energy expended in staying warm than on egg production. 

In general, the islands of the Hanford Reach have provided good habitat for Canada geese nesting 
over the past 50 years.  This is evidenced by an average of nearly 200 nests per year and a hatching 
success rate of more than 70%.  Spatial and temporal changes in Canada goose nesting appear to be 
related more to changes in the dynamics of the predator population than to Hanford Site operations. 
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3.0 Goose Banding Studies 

Canada geese using the Hanford Site are distributed widely in areas west of the Continental Divide 
(Terres 1980).  Some populations migrate from northern Mexico and the U.S. Southwest to nest in the 
Pacific Northwest and southern Canada (Terres 1980), while breeding populations from Canada may 
winter in the Pacific Northwest or continue further south.  However, not all populations migrate, and 
resident populations exist along the Columbia River.  These populations, especially the nesting birds, 
have been monitored over the past 50 years to evaluate possible impacts from Hanford Site activities.  
Although one of the main focuses of monitoring Canada geese at the site has been nesting success, geese 
also were banded to determine the distribution of the birds after nesting and fledging.  Geese that 
remained in the area would be expected to have increased potential exposure to Hanford Site 
contaminants, whereas migrating birds could be exposed to different contaminants during migration. 

3.1 Methods 

Banding studies began in 1950, with a total of 3430 geese banded between 1950 and 1994.  The 
initial banding study between 1950 and 1970 was conducted with the Washington Department of Fish and 
Wildlife under its Federal permit.  In 1983, banding was resumed under a PNNL permit and continued 
until 1994. 

Birds were captured for banding approximately 6 to 8 weeks after hatching was completed.  
Two methods were used to capture birds:  one involved herding the birds toward traps, and the second 
(and more successful method) involved surrounding and capturing the birds by hand (termed 
freebanding).  A more complete description of banding methods is found in Hanson and Eberhardt 
(1971). 

Banding and recovery data were obtained from the U.S. Geological Survey (USGS) Bird Banding 
Laboratory (2006a).  Banding and recoveries for 1950 through 1970 were compared to Hanson and 
Eberhardt (1971), while data for 1983 through 1994 were checked against our laboratory records.  
Discrepancies in banding numbers between those reported in Hanson and Eberhardt (1971) and the 
records supplied by the Banding Laboratory were few and had a minor impact on the overall recovery 
rates.  Recovery rates are expressed as the ratio of the bands recovered to the total number of geese 
banded; distances were calculated with the Haversine formula (Sinnott 1984), used in navigation to give 
distances between two points on a sphere. 

3.2 Results 

A total of 1009 adults (birds more than 1 year old) and 2421 goslings or juveniles were banded from 
1950 through 1994.  Banding was done yearly between 1950 and 1970, except for 1967.  Banding 
resumed in 1983 and continued intermittently until 1994 (no banding was conducted in 1985, 1986, or 
1992).  More than 1400 banded geese were recovered, resulting in a banding recovery of approximately 
30%.  There were no significant differences (P < 0.05) in recovery rates between adults and juveniles 
(Figure 3.1) or in number of years post-banding (Figure 3.2).  More than 50% of the recoveries occurred  
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within 3 years of banding, with few birds recovered beyond 10 years (Figure 3.3).  A single bird was 
recovered after 24 years.  According to the USGS, the record for band recovery for Canada geese is 
30 years (USGS 2006b). 

 
Figure 3.1. Recovery Rates for Adult and Juvenile Canada Geese Banded Either 1950–1970  

or 1983–1994.  Bars represent 95% confidence intervals. 

 
Figure 3.2.  Recovery Rate for Canada Geese by Banding Year and Age at Banding 
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Figure 3.3. Number of Canada Geese Recovered as a Function of Years Since Banding and Age at 

Banding (adults more than 1 year; juveniles less than 1 year) 

 
The distribution of recoveries (Figure 3.4, Table 3.1) indicates that more than 60% of the Canada 

geese were recovered locally (i.e., within 80 km).  A chi-square test of association within each age group 
was significant (P < 0.01), indicating an association between banding year and recovery distance.  In 
general, the percentage of birds remaining locally increased from less than 60% in the 1950s to more than 
70% in the 1980s.  In addition, there were differences in recoveries for geese banded as adult versus those 
banded as juveniles.  For birds banded as juveniles, 90% were recovered locally the first year.  This 
dropped to 40% the following year for the now-adult birds, and after 3 years, recoveries of these juvenile-
banded geese were again predominantly local. 

3.3 Discussion 

The banding and recovery of Canada geese in the Columbia Basin has taken place for over 50 years.  
During that time, major changes have occurred, including the addition of multiple dams on the river, both 
upstream and downstream of the Hanford Site, and the shift from a primarily agrarian area with small 
farms to a medium-sized urban area surrounded by large irrigated agricultural areas.  In addition, 
activities at the Hanford Site have changed from the production of plutonium for national defense and 
management of the resulting wastes to cleanup of the reactor and processing facilities and associated 
waste sites.  The banding studies provide information on the distribution of geese that nest or hatched in 
the Hanford Reach.  This information, along with the contaminant burden of the geese (Section 4) could 
be used to evaluate the potential distribution of Hanford Site contaminants. 
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Figure 3.4. Distribution of Recoveries of Canada Geese Banded in Hanford Reach Vicinity,  

1950–1994 

Table 3.1. Number of Canada Geese Recoveries by Age at Banding, Banding Years, and Recovery 
Distance 

Years 
Number 
of Years 

Recovery Distance 
Adults Juveniles 

Less than 80 km More than 80 km Less than 80 km More than 80 km 
1950–1959 10 80 54 138 130 
1960–1970 10 75 25 156 95 
1983–1994 9 55 16 86 37 

      
Migrating birds tended to move either southward into California or to the northeast into southern 

Alberta and southwestern Saskatchewan.  Hanson and Eberhardt (1971) speculated that migrating birds 
initially migrated to California and, on their return north, many appeared to continue on into Canada.  Ball 
et al. (1981) analyzed the recovery pattern for more than 8,000 birds banded between 1950 and 1977 in 
Washington State.  These results show a similar spatial distribution in recoveries, although they reported 
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that a majority of the migrating geese headed northeast into southern Alberta and southwestern 
Saskatchewan.  This northward migration was thought to be a molt migration.  When geese molt, they 
lose both flight and tail feathers and are rendered flightless (Reed et al. 2003).  Birds taking part in a molt 
migration are generally the nonbreeders or failed breeders.  There is some controversy about whether the 
geese recovered in Canada represent a molt migration (i.e., nonbreeding birds) or breeding population 
(Ball et al. 1981).  Both breeding and nonbreeding birds were recovered in Canada.  However, younger 
birds (i.e., 1.5 yrs) represented a higher proportion of the total recoveries. 

Overall, more than 60% of the birds are year-round residents.  Similar results were reported by 
Culbertson et al. (1971) for Canada geese nesting on the Snake River.  Hanson and Eberhardt (1971) 
determined that 75% of the Hanford Reach geese remained in the local area the first year after banding.  
Local recoveries were concentrated in the areas northeast of the Hanford Site and were highly dependent 
on where the birds were banded (Ball et al. 1981), indicating that the birds tend to move in family units.   

The proportion of the Canada goose population staying local in the Columbia Basin has changed over 
the 50 years of study.  In the 1950s, slightly more than half of the geese stayed all year, while in the 1980s 
those geese remaining locally increased to 73%.  Reasons for the shift are probably related to the increase 
in large-scale agriculture within the area, which provides a more stable food supply.  Hanson and 
Eberhardt (1971) suggested that one of the reasons for the increasing population of geese nesting in the 
Hanford Reach was the proximity to agriculture and the lack of public access to the islands.  While there 
is more agriculture, there is no longer protection from the public.  However, the birds seem to have 
adapted to the presence of people and are abundant in grass and lawn areas such as those found in parks 
and at schools. 
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4.0 Surveillance of Contaminants in Canada Geese 

Canada geese and other waterfowl are one of several species of fish and wildlife and other abiotic 
media that have been used to monitor the fate and transport of contaminants associated with Hanford Site 
operations under long-standing environmental surveillance programs (DOE 2007).  Historic operations at 
the Hanford Site resulted in the production of both radiological and nonradiological wastes, including 
metals.  These wastes were placed in various disposal sites at the Hanford Site, including trenches, cribs, 
ditches, ponds, and underground tanks (Poston et al. 2001).  Fly ash also was released into the atmosphere 
from coal-fired steam power plants associated with each reactor; these effluents contained trace metals 
and natural radionuclides (uranium and thorium decay series, carbon-14, potassium-40, and others) that 
may have deposited on the soil around the reactor areas. 

In addition to waste associated with past Hanford Site operations, geese were exposed to fallout from 
nuclear weapons testing and metals generated from upriver mining and smelting activities that have been 
transported down the Columbia River and into the Hanford Reach (Johnson et al. 2005).  Also, 
contaminants associated with past and present agricultural practices have contributed to the contaminant 
inventory at the Hanford Site (Yokel and Delistraty 2003).  For example, arsenic is likely associated with 
historical applications of lead arsenate, a commonly used insecticide in fruit tree orchards.  Studies 
examining the extent of arsenic contamination in pre-Hanford Site orchard soils near the 100 Area have 
shown elevated levels of arsenic in the soil compared to background levels (Yokel and Delistraty 2003). 

Contaminants have been monitored in geese that inhabit the Columbia River and the Hanford Site 
since the 1960s as part of a much broader surveillance program.  Extensive monitoring of waterfowl 
occurred during the early to mid 1960s when single-pass reactors were in maximum operating mode and 
much of the Hanford Reach was closed to the public (Keating and Harvey 2003).  Single-pass reactors 
discharged a large amount of neutron activation products into the Columbia River, which subsequently 
were distributed throughout the river ecosystem (Becker 1990).  Results from surveillance efforts have 
tracked this distribution in waterfowl and Canada geese; results were reported annually beginning in 
1959.  Since 1971, data on radionuclides found in waterfowl samples collected from the Hanford Reach 
have been stored in the Hanford Environmental Information System (HEIS) database.  The HEIS data 
(1971–2007) were used for this evaluation of contaminant burdens in Canada geese. 

Adult Canada geese graze on aquatic plants, grasses, and other upland and shoreline plants (Rickard 
and Sweany 1977) and have access to areas of the Hanford Site that contain radioactive or chemical 
contamination.  Monitoring the level of contaminants in tissues of geese may help identify changes in 
environmental conditions over time and describe the extent and degree to which Hanford Site materials 
are present in the environment and the responses of biota to contaminant exposure.  Geese exposed to 
Hanford Site contaminants might be harvested for food and may potentially contribute to offsite public 
exposure. 

Most of the contaminant monitoring and analysis of wildlife on the Hanford Site has focused on 
radionuclides associated with reactor operations, fuel processing, or wastes generated during the historical 
production of plutonium onsite.  Recent waste cleanup activities have expanded the monitoring focus to 
include possible heavy metal contamination. 
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Objectives of this section are to review and evaluate radionuclide concentrations for 1971 through 
2007 and trace metal concentrations for 2001 through 2007 found in Canada goose tissue and eggshell 
samples collected as part of Hanford Site monitoring and surveillance programs.  A fundamental question 
regarding metals is whether or not geese residing along the Hanford Reach have accumulated higher 
concentrations of metals than those geese collected from reference areas away from the Hanford Site.  A 
study conducted in 2001 also examined the relationship between trace metal levels in eggshells and 
hatching success.  The remainder of this section discusses the methods used to collect and analyze these 
samples; the time frame and sampling sites for contaminant surveillance of Canada goose muscle, bone, 
and eggshells; and the radionuclide and trace metal concentrations in goose tissue.  These concentrations 
are discussed in the context of dose estimates for radionuclides and a comparison to available 
toxicological benchmarks and biomarkers for metals. 

4.1 Methods 

This section describes the sample collection sites and the history of sampling Canada geese on the 
Hanford Site.  The methods used to analyze radionuclides and metals are described, as are the statistical 
methods and models used to evaluate spatial differences in contaminant levels. 

4.1.1 Study Area and Years 

Geese were sampled from two main areas of the Hanford Site for contaminant monitoring.  The first 
area encompassed the 100 Areas, including D Island at RK 607 (RM 377).  A second collection area 
extended from the Hanford town site at RK 584 (RM 363) downstream to the 300 Area at RK 554 
(RM 344).  Reference samples were collected from a third area upstream of Priest Rapids Dam at RK 644 
(RM 400) in 1999, 2001, 2003 and 2005.  In 2007, five geese were obtained from the Moses Lake area as 
reference samples, which were tentatively identified as lesser Canada geese (B. c. parvipes).  Sampling 
objectives of the monitoring efforts changed over time, and those changes are reflected in where geese 
were sampled, what tissues were collected, and which contaminants were identified for analysis. 

From 1971 through 1989, geese were collected from specific locations in the Hanford Reach for 
gamma spectrometry of muscle samples.  The locations included the six 100 Areas (B/C, K, N, D 
(including D Island), H, and F), White Bluffs, the Hanford town site, and Savage Island (Figure 4.1).  
Sampling of Canada geese resumed in 1994 for both gamma spectroscopy and strontium-90 analysis of 
muscle and bone tissue.  In 1995, sampling was placed on an alternating year schedule; the last sample for 
this report was collected in 2007. 

Beginning in 1991 and continuing on an intermittent basis, Canada goose eggshells were sampled and 
analyzed for strontium-90 as part of the surveillance and ecological monitoring programs.  Eggshells were 
collected in 1991–1993, 1995, 2001, and 2003.  With the exception of the last two sampling events, all 
eggshells were collected from islands in the Hanford Reach.  Eggshell samples were collected also in the 
1980s for special studies (Rickard and Sweany 1977; Rickard and Price 1990).  Sampling of eggshells for 
contaminants is a method that circumvents the sampling of live birds and, for some contaminants, is 
clearly an effective and nondestructive approach to contaminant surveillance. 
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Figure 4.1. Canada Goose Collection Locations in the Hanford Reach of the Columbia River and at the 

Upstream Reference Location, 1971–2007 

4.1.2 Sample Collection 

A total of 218 adult and juvenile geese were collected along the Hanford Reach from 1971 to 2007 
for contaminant analyses.  In the early years, only goose muscle (breast) was analyzed for radionuclides.  
However, beginning in 1994, bone tissue also was analyzed for strontium-90.  Beginning in 2001, liver 
samples also were taken for metals analyses from all geese sampled.  Along the shoreline or on the 
islands near the 100 Areas, 151 geese were collected; 41 geese were collected downstream of the 
100 Areas, in the region extending from the Hanford town site to the 300 Area (Figure 4.1).  Eleven geese 
were collected at the Priest Rapids Dam pool reference location upstream of the Hanford Site in 1999 
(radionuclide analyses only), 2001, 2003, and 2005.  Five additional reference geese were collected from 
the Moses Lake area in December 2007. 
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A total of 178 eggshell samples collected from 1985 through 2001 were analyzed for strontium-90, 
and 31 samples collected in 2001 were analyzed for metals.  The eggshells were collected after hatching 
had occurred.  In 2001, eggshells were collected from nests where either the hatch was 100% (N = 21) or 
where some eggs had not hatched but at least one egg had hatched (N = 10).  The objective of sorting the 
data based on hatching success was to see whether the results for metal concentrations in eggshells might 
be related to hatching success.  In previous years, eggshell fragments were collected with no information 
on nest hatching success.  Eggshells were collected from the reference location in the Priest Rapids Dam 
pool (N = 13), the ten upper islands adjacent to the 100 Area sampling locations (N = 31), and the lower 
islands (N = 134) located downstream of the Hanford town site to the city of Richland.  Unhatched eggs, 
for the most part, were infertile.  If the nest had been used in previous years, there was no absolute 
assurance that eggshell fragments collected in any one year were from eggs laid that year.  However, nest 
material ordinarily is dispersed between breeding seasons, and the collection of eggshell fragments after 
the goslings have fledged usually ensures that the eggshell fragments were recent. 

4.1.3 Radionuclide Analysis 

This review covers the period 1971 through 2007, which includes the tail-end of the period when 
single-pass reactors were operating.  Radionuclides associated with single-pass reactor discharges 
included phosphorus-32, cobalt-58, zinc-65, manganese-54, europium-152, and zirconium-niobium-95.  
These radionuclides, formed by neutron activation, were analyzed in samples of Canada goose muscle in 
the 1970s.  With the exception of europium-152, the half-lives of the predominant activation products 
associated with single-pass reactor operations ranged from 14.3 to 312 days.  The primary focus of our 
review is on gamma emitters (cobalt-60 and cesium-137) in muscle samples, and strontium-90 in bone 
and eggshell.  These isotopes, in addition to having relatively long half-lives, are the most frequently 
measured radionuclides in wildlife samples. 

All radionuclide analyses for goose samples (muscle and bone) were performed by Severn Trent 
Laboratories or its predecessor parent companies of U.S. Testing (1965–1990), International 
Technologies–Analytical Services (1990–1998), or Quanterra Environmental Services (1998–2000).  
Samples analyzed for gamma emitters were analyzed by gamma spectroscopy.  In 1971 and 1972, 
analyses were performed with a sodium iodide crystal.  Subsequent analyses were performed with a 
lithium-drifted germanium (Ge[Li]) detector with a multichannel pulse-height analyzer.  Analysis for 
strontium-90 in muscle, bone, and eggshell samples required a radiochemical methodology.  Samples 
were ashed in a muffle furnace and dissolved in nitric acid.  The dissolved ash was scavenged with 
barium nitrate, and the strontium was precipitated as a carbonate that was transferred to a stainless steel 
planchet and counted on a gas flow proportional counter.  At least 10 g of sample media were needed to 
attain a detection limit of 0.005 picocuries per gram (pCi/g) wet weight (wt).  In 2003, the detection limit 
was raised to 0.05 pCi/g wet wt to facilitate analysis and still provide an adequate margin of safety for 
dose-based standards. 

Eggshell samples were submitted as essentially dry samples, and the results are reported as dry rather 
than wet weight.  All other radionuclide analyses were reported on a wet weight basis. 
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4.1.4 Metal Analyses 

A number of metals (e.g., chromium, copper, lead, mercury, and uranium) have the potential to 
accumulate in certain fish and wildlife tissues and have been identified in the Hanford Site environment 
as potential contaminants of concern, particularly in areas of the Site where contaminated groundwater 
enters the Columbia River along the shoreline (Poston et al. 2003).  Organisms can accumulate metals 
through incidental soil ingestion and water uptake and by eating food from both plant and animal sources 
that have been exposed to metals in the soil, air, and water. 

Tissue samples were removed from geese, placed in pre-tared sample vials, frozen, and shipped to the 
analytical laboratory via overnight mail for processing and analysis.  The frozen samples were freeze-
dried and homogenized using a ball-mill prior to digestion according to Battelle SOP MSL-C-003, 
Percent Dry Weight and Homogenizing Dry Sediment, Soil and Tissue.  Tissue samples were digested 
according to Battelle SOP MSL-I-024, Mixed Acid Tissue Digestion.  An approximately 500-mg aliquot 
of each dried, homogeneous sample was combined with nitric and hydrochloric acids (aqua regia) in a 
Teflon vessel and heated in an oven at 130°C (±10°C) for a minimum of eight hours.  After heating and 
cooling, deionized water was added to the acid-digested tissue to achieve analysis volume, and the 
digestates were submitted for analysis. 

The same process was used for the analysis of metals in eggshell fragments.  The eggshells were 
cleaned with deionized water, and any dried membrane residue was removed prior to submitting the 
samples for analysis. 

Soft tissue samples were collected in 2001, 2003, 2005, and 2007 for metals analysis.  In 2001, 
samples included both kidney and liver.  The 2001 samples were analyzed primarily with inductively 
coupled plasma (ICP) spectrometry analyses.  However, the ICP sample preparation had high and variable 
recoveries due to faulty sample preparation, and the results were questionable.  The mercury analysis used 
a separate preparation, and those results were acceptable and are summarized here. 

For samples collected in 2003, digested samples were analyzed for barium, chromium, copper, and 
manganese using inductively coupled plasma optical emission spectroscopy (ICP-OES) according to 
Battelle SOP MSL-I-033, Determination of Elements in Aqueous and Digestate Samples by ICP-OES.  
This procedure is based on two methods modified and adapted for analysis of low-level samples—
U.S. Environmental Protection Agency (EPA) Method 6010B, Inductively Coupled Plasma-Atomic 
Emission Spectrometry, and Method 200.7, Trace Elements in Water, Solids, and Biosolids by Inductively 
Coupled Plasma-Atomic Emission Spectrometry. 

Inductively coupled plasma optical emission spectroscopy was also used to analyze for aluminum and 
chromium in samples collected during 2005.  All other metals reported for 2003 and 2005 samples were 
analyzed by using inductively coupled plasma mass spectrometry (ICP-MS) according to Battelle SOP 
MSL-I-022, Determination of Elements in Aqueous and Digestate Samples by ICP/MS.  This procedure is 
based on two methods modified and adapted for analysis of low-level solid sample digestates—EPA 
Method 1638, Determination of Trace Elements in Ambient Waters by Inductively Coupled Plasma-Mass 
Spectrometry, and EPA Method 200.8, Determination of Trace Elements in Waters and Wastes by 
Inductively Coupled Plasma - Mass Spectrometry. 
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All digested samples were analyzed for mercury by cold vapor atomic absorption spectroscopy 
(CVAA) according to Battelle SOP MSL-I-016, Total Mercury in Tissues and Sediments by Cold Vapor 
Atomic Absorption, which is based on EPA Method 245.6, Determination of Mercury in Tissue by Cold 
Vapor Atomic Absorption Spectrometry. 

4.1.5 Grouping of Metals by Detection Limits 

For many of the radionuclides and metals, concentrations in tissues were below levels that can be 
detected by the analytical laboratory.  In those cases, the achieved laboratory detection limit was used as a 
conservative estimate of the minimum detectable amount of the contaminant for metals analysis 
(Table 4.1).  Because of slight differences in methods and, to some degree, the actual concentrations of 
metals found in goose liver, metals were partitioned into two groups based on how frequently they were 
detected in liver samples.  Metals in Group I were aluminum, arsenic, cadmium, chromium, copper, lead, 
manganese, mercury, thallium, selenium, and zinc; these metals were detected in nearly all if not all 
samples collected in 2003, 2005, and 2007.  Metals from a second subset (Group II), antimony, beryllium, 
barium, nickel, silver, thorium and uranium, were detected less frequently and, as a result, were not 
subjected to the statistical analyses performed on the first group.  

4.1.6 Statistical Methods 

Descriptive statistics were generated for metals data in liver samples.  Data were screened to remove 
those metals for which the majority or all of the results were below detection or analyses were missing 
(Group II metals; Appendix B).  For Group I metals, the data were log-transformed to reduce the 
variability and analyzed using analysis of variance (ANOVA).  A one-way ANOVA was conducted based 
on general sampling areas (onsite and offsite).  Differences between specific sampling locations were also 
analyzed by ANOVA, and Scheffé’s post hoc tests for multiple comparisons were conducted with an 
alpha level of 0.05.  Metal concentrations reported as less than detection were analyzed at the reported 
detection level for the metal. 

4.1.7 Comparisons to Benchmarks 

To gain a better understanding of the potential risk associated with hepatic metal concentrations, we 
reviewed toxicological benchmarks for waterfowl and the range of concentrations of metals detected in 
other populations of waterfowl in North America.  We recognize that there are likely species differences 
in both the tolerance and metabolism of metals.  The amount of toxicity information available for geese 
was limited, and we restricted our comparisons to waterfowl (primarily ducks) to minimize the variability 
and uncertainty for these comparisons.  In addition to the open literature, toxicity benchmarks have been 
compiled in the Environmental Residue-Effects Database (ERED; U.S. Army Corps of Engineers/ 
U.S. Environmental Protection Agency [USACE/EPA] 2005).  The USGS Contaminants Exposure and 
Effects Database (Rattner et al. 2006) also was reviewed to collect additional information on benchmarks 
and the levels of metals reported in waterfowl collected in North America.   
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Table 4.1.  Laboratory-Achieved Detection Limits (µg/g dry wt) for Group I and II Metals 

 2003 – Batch 1  2003 – Batch 2  2005 – Batch 1  2007 – Batch 1  2007 – Batch 2 
Metal LADL(a) N(b) N>DL(c)  LADL N N>DL  LADL N N>DL  LADL N N>DL  LADL N N>DL 

Group I 
Aluminum 0.109 7 7  0.109 6 6  1 17 17  0.5 10 10  0.5 5 5 
Arsenic 0.2 7 6  0.2 6 0  0.07 17 15  0.1 10 10  0.1 5 0 
Cadmium 0.025 7 7  0.025 6 6  0.008 17 17  0.002 10 10  0.002 5 5 
Chromium 0.1 7 7  0.015 6 6  0.1 17 17  0.1 10 10  0.042 5 5 
Copper 0.04 7 7  0.08 6 6  0.05 17 17  0.09 10 10  0.08 5 5 
Lead 0.034 7 5  0.034 6 6  0.03 17 15  0.003 10 10  0.003 5 5 
Manganese 0.009 7 7  0.034 6 6  0.033 17 17  0.07 10 10  0.02 5 5 
Mercury 0.005 7 7  0.005 6 6  0.002 17 17  0.005 10 10  0.005 5 5 
Selenium 0.5 7 7  0.05 6 6  0.1 17 17  0.2 10 10  0.2 5 5 
Thallium 0.018 7 7  0.018 6 6  0.004 17 11  0.003 10 10  0.01 5 3 
Zinc 0.94 7 7  0.94 6 6  0.7 17 17  0.1 10 10  0.1 5 5 

Group II 
Antimony 0.019 7 5  0.019 6 0  0.01 17 5  0.02 10 0  0.02 5 0 
Beryllium 0.019 7 0  0.019 6 5  0.007 17 1  0.02 10 0  0.01 5 0 
Barium 0.03 7 7  NA(d)    NA    NA     NA   
Nickel 0.045 7 2  0.045 6 2  0.05 17 2  0.04 10 2  0.04 5 0 
Silver 0.045 7 1  0.045 6 1  0.003 17 17  0.01 10 4  0.01 5 3 
Thorium 0.021 7 1  0.021 6 0  0.01 17 10  0.003 10 8  0.01 5 1 
Uranium 0.031 7 0  0.031 6 0  0.002 17 17  0.002 10 4  0.002 5 0 
(a) LADL = laboratory achieved detection limit. 
(b) N = number of samples. 
(c) N > DL = number of samples greater than the detection limit. 
(d) NA = not analyzed. 
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4.2 Results 

Results are organized into two sections—radionuclides and metals. 

4.2.1 Radionuclides 

Radionuclides discharged to the Columbia River were either neutron activation products or, in some 
cases, fission products that were released following fuel element failures.  The activation products are 
associated with single-pass reactor operations.  The more persistent radionuclides found in Canada geese 
are fission products associated with historic weapons testing fallout and 100-N reactor operations.  
Because goose samples were collected over a longer period of time, the data for radionuclides allow for 
an assessment of trends. 

4.2.1.1 Activation Products 

With the exception of europium-152 and cobalt-60, the half-lives of the predominant activation 
products associated with single-pass reactor operations for Canada goose muscle were less than a year, 
ranging from 14.3 to 312 days (Table 4.2).  Most of the values reported for manganese-54, cobalt-58, 
cobalt-60, zinc-65, and zirconium-niobium-95 were less than detection.  Within a few years of the 
cessation of single-pass reactor operations, these radionuclides had essentially decayed to stable decay 
products (Cushing et al. 1980).  Europium-152 has not been detected since 1980 in goose samples and is 
strongly associated with river sediment samples (Patton and Dirkes 2007).  Cobalt-60, observed only 
infrequently in goose samples, is discussed in more detail below. 

Table 4.2. Median and Maximum Radionuclide Concentrations (pCi/g wet wt) Reported in Canada 
Goose Muscle Samples After Cessation of Single-Pass Reactor Operations in 1971 

Radionuclide Half-Life(a) Median Maximum 

Samples Greater 
Than Detection/ 
Total Samples Years 

Phosphorus-32 14.3 days 0.52 1.19 9/10 1971 
Cobalt-58 70.8 days 0.28 0.57 1/2 1971–1972 
Cobalt-60 5.27 years 0.02 0.17 26/165 1972–2005 
Zinc-65 244.2 days 0.01 1.32 43/107 1971–1976 
Manganese-54 312.0 days NA(b) 0.02 0/1 1977 
Europium-152 13.5 years 3.07 4.25 5/5 1971, 1980 
Zirconium-niobium-95 65 days–35 days(c) 0.01 0.02 0/6 1977, 1994 
(a) Half-lives taken from Unterweger et al. (2006) and Shlein (1992). 
(b) NA – not applicable. 
(c) The two values (days) reflect the half-lives for zirconium-95 and niobium-95, respectively. 
 

Cobalt-60 

Measurable concentrations of cobalt-60 were found infrequently in Canada goose muscle in the early 
1970s.  Cobalt-60 concentrations above the detection limit (nominally 0.02 pCi/g wet wt) were not 
detected in tissue samples after 1976 (Figure 4.2).  Concentrations measured in the early 1970s may 
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reflect discharges from the single-pass reactors.  The three values above 0.02 pCi/g wet weight between 
1997 and 2003 were recorded as below detection because quality assurance procedures determined there 
were high analytical uncertainties for that particular analysis. 

4.2.1.2 Fission Products 

The fission products cesium-137 and strontium-90 are the predominant radionuclides found in 
Canada goose samples in recent years. 

Cesium-137 

Since the 1980s, concentrations of cesium-137 in Canada goose muscle have fluctuated around the 
level of detection (~0.015 to 0.02 pCi/g wet wt; Figure 4.3).  The maximum concentration in goose 
muscle collected from the Columbia River (3.7 pCi/g) was measured in 1976.  Concentrations of 
cesium-137 in Canada goose muscle have historically fallen below concentrations observed in onsite 
resident waterfowl such as mallard ducks and are similar to levels expected from historic weapons fallout.  
Because the recent concentrations were below detection, no statistical analyses were conducted on 
cesium-137 in Canada goose muscle. 
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Figure 4.2.  Cobalt-60 in Canada Goose Muscle, 1971–2007 
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Figure 4.3.  Cesium-137 in Canada Goose Muscle, 1971–2007 

Strontium-90 

Strontium-90 was analyzed in muscle, bone, and eggshell samples of Canada geese.  Concentrations 
of strontium-90 in goose muscle were analyzed in 1972 and again in 1994, 1995, and 1997.  Only 2 of the 
14 muscle sample concentrations from 1972 were less than detection (essentially “0” pCi/g); however, no 
quantification of analytical error was provided, and most of the 1972 results (13 of 14) were reported at 
concentrations that fall below the contractual minimum detectable concentration (MDC) of the 1990s 
(0.005 pCi/g).  In muscle samples collected from 1994 through 1997, 17 of 22 concentrations fell below 
the detection level of 0.005 pCi/g wet wt.  The maximum value reported was 0.098 (±0.060) pCi/g wet wt 
from a sample collected from the Hanford town site in 1997. 

Strontium-90 was detected frequently in goose bone samples collected from 1994 through 2005, with 
concentrations onsite decreasing after 1995 (Figure 4.4).  The maximum concentrations of strontium-90 
were highest in samples collected from the 100 Areas in 1995 (Figure 4.5).  A Kruskal-Wallis 
nonparametric analysis of the data by location indicated no significant difference (P = 0.25) in strontium 
concentration in bone between locations for all data collected between 1994 and 2005.  No adjustments 
were made in the analysis for radiological decay over the 12 years of sample collection. 

Strontium-90 concentrations were analyzed in eggshells collected from Canada goose nests.  
Analytical results (Figure 4.6) show strontium-90 levels have decreased since the late 1980s when 
concentrations were generally greater than 1 pCi/g dry wt.  In 1995 and 2001, strontium-90 concentra-
tions in eggshells collected from islands in the Hanford Reach were similar to those in eggshells collected 
at the reference location upstream of the Hanford Site from an island in the Priest Rapids Dam pool 
(see Figure 4.1). 
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Figure 4.4.  Strontium-90 in Canada Goose Bone, 1994–2007 
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Figure 4.5. Maximum, Median, and Minimum Concentrations of Strontium-90 in Canada Goose Bone 

by Sampling Area, 1994–2007 
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Figure 4.6. Mean Strontium-90 Concentration (pCi/g dry wt ± 1.0 Standard Deviation [SD])  

in Canada Goose Eggshells from Islands in the Hanford Reach, Columbia River, 1985–2001.  
Reference samples were collected from the Priest Rapids Reservoir upstream of  
the Hanford Site. 

4.2.2 Metals 

Metals analyses were performed on goose liver samples collected in 2001, 2003, 2005, and 2007.  
Metals analysis was performed also on eggshells and kidney tissue collected in 2001.  Due to poor 
analytical recoveries in liver and kidney samples collected in 2001 (see Section 4.1.4), only results for 
mercury concentrations were used in this report. 

4.2.2.1 Metals Concentrations in Goose Liver 

The Group I metals (aluminum, arsenic, cadmium, chromium, copper, lead, manganese, mercury, 
selenium, thallium, and zinc) were evaluated statistically for differences between sampling areas and for 
general descriptive parameters.  Only basic descriptive statistics were calculated for the Group II metals 
(antimony, beryllium, barium, nickel, silver, thorium, and uranium).  Information collected for the 
Group II metals is provided in Appendixes A and B. 

Metal concentrations in Canada geese liver were quite variable, and initial inspection of the data does 
not indicate any obvious differences between metal concentrations in Canada geese collected onsite in 
comparison to those collected at reference locations at the Priest Rapids pool and near Moses Lake 
(Figure 4.7).  A complete compilation of basic descriptive statistics for Group I metals, including 
sampling year and sampling location, may be found in Appendix A, Table A.2).  These descriptive 
statistics provide basic information on the distribution of the metals data.  To statistically analyze the data, 
the metal concentrations first were log-transformed because the distribution of environmental data is 
generally skewed.  The log-transformed data then were analyzed by ANOVA. 
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Figure 4.7.  Mean (±1 SE) of Group I Metal Concentrations in Canada Goose Liver (µg/g dry wt) 

Two analyses were conducted.  The first test compared metal concentrations from Canada geese 
collected on the Hanford Site to metals concentrations found in birds collected offsite.  Onsite included 
the 100 Areas and Hanford town site to the 300 Area, and offsite included Priest Rapids pool and Moses 
Lake.  Of the 11 Group I metals, there was no apparent difference between the onsite and offsite data for 
aluminum, cadmium, manganese, and zinc (Table 4.3).  Differences were significant (P < 0.05) for 
arsenic, chromium, copper, lead, mercury, selenium, and thallium.  For these seven metals, the mean 
hepatic liver concentrations from geese collected onsite exceeded those collected offsite. 

The second analysis looked for differences between sampling locations to determine if there were 
statistically significant differences (Table 4.3).  The ANOVA indicated that statistically significant 
differences were detected for six of the seven metals identified in the onsite–offsite analysis; only the 
analysis of lead was not significant for individual locations.  Scheffé’s multiple comparison test was used 
to compare the six possible combinations of location pairs (Table 4.3).  For all 11 Group I metals, there 
was no statistically significant difference between the two onsite locations (100 Areas and Hanford town 
site to the 300 Area) or between the two offsite areas (Priest Rapids pool and Moses Lake).  In all cases 
where statistically significant differences were detected between sampling locations, the log-transformed 
mean concentrations in livers collected from the on site location exceed the log-transformed mean 
concentration at the offsite location.  Interestingly, while the ANOVA for locations for copper was 
significant (P = 0.0382), none of the multiple comparison tests was significant. 

Collectively, the statistical analysis of the liver metal data indicates elevated concentrations of metals 
in goose liver collected from Canada geese along the Hanford Reach shoreline compared to those 
collected at either the upstream reference location at Priest Rapids pool or at the Moses Lake location.  
Selenium and thallium were consistently higher in Hanford Reach geese compared to both the Priest 
Rapids pool geese and the Moses Lake geese.  Hepatic concentrations of arsenic and chromium in Canada  
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Table 4.3. ANOVA Based on Onsite Versus Offsite and Specific Sample Location of Hepatic Metal Concentrations in Canada Geese, 2003–2007 

Metal 

Onsite vs. Offsite 

 Specific Locations 

ANOVA 
(Significance; P) 

Scheffé’s Post Hoc Comparison (Significance; P)(a) 

100 Areas 
vs. Hanford 
Town Site 

100 Areas 
vs. Moses 

Lake 

100 Areas 
vs. Priest 
Rapids 
Pool 

Hanford 
Town Site 
vs. Moses 

Lake 

Hanford 
Town Site 
vs. Priest 

Rapids Pool 

Moses Lake 
vs. Priest 

Rapids Pool 
ANOVA 

(Significance; P)(a) 

Onsite vs. 
Offsite 

(<,≈,>)(b) 
Aluminum 0.7217 ≈ 0.2002 0.5317 0.6664 0.9352 0.9991 0.3793 0.4850 
Arsenic 0.0014 > 0.0019 0.8870 0.0029 0.3466 0.0202 0.7496 0.2288 
Cadmium 0.0945 ≈ 0.0841 >0.9999 0.1067 0.9960 0.1385 0.9972 0.2700 
Chromium 0.0011 > 0.0019 0.9809 0.0034 0.3975 0.0121 0.6406 0.2185 
Copper 0.0038 > 0.0382 0.9869 0.2138 0.2868 0.1657 0.2221 0.9873 
Lead 0.0482 > 0.1419 0.6497 0.3859 0.2888 0.8951 0.8712 >0.9999 
Manganese 0.9687 ≈ 0.3953 0.7252 0.6976 0.9872 0.9901 0.6737 0.6337 
Mercury 0.0006 > 0.0025 0.9824 0.5190 0.0043 0.7221 0.0181 0.4276 
Selenium <0.0001 > <0.0001 0.4172 <0.0001 0.0010 <0.0001 <0.0001 0.0731 
Thallium <0.0001 > <0.0001 0.9561 0.0043 <0.0001 0.0193 <0.0001 0.5491 
Zinc 0.7076 ≈ 0.0770 0.7944 0.1847 0.9150 0.5685 0.5480 0.1205 
(a) Values < 0.05 are significant. 
(b) < indicates less than; ≈ indicates no difference; > indicates greater than. 
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metals in geese were higher in Hanford Reach birds than those collected at Moses Lake but not at the 
Priest Rapids pool area.  Conversely, hepatic mercury concentrations were higher in Hanford Reach geese 
compared to Priest Rapids pool geese but not when compared to Moses Lake geese. 

4.2.2.2 Mercury in Liver and Kidney Samples, 2001 

Median mercury concentrations in goose kidney were slightly higher than median concentrations in 
goose liver (Appendix A, Table A.1).  The median concentrations in liver collected in 2001 were similar 
to the median concentrations observed in samples collected in 2003, 2005, and 2007 (Appendix A, 
Table A.2).  Maximum values for mercury in liver samples in 2001 ranged from 0.062 to 0.104 µg/g 
dry wt.  These liver concentrations were lower than the maximum liver concentration (0.157 µg/g dry wt) 
observed in 2003 from the 100 Areas. 

4.2.2.3 Goose Eggshells 

Canada goose eggshells were collected in 2001 and analyzed for metals.  Results were blank-
corrected (i.e., the analytical blank concentration, if detected in the blank, was subtracted to produce the 
reported value) and are reported on a dry weight basis.  Hatch rates were evaluated for the nests where the 
eggshells were collected.  Hatching was either complete (all eggs hatched) or incomplete (at least one egg 
did not hatch).  For nests with incomplete hatch, the mean percentage hatch rate was 72% and ranged 
from 23% to 84%.  All the nests with incomplete hatch rates were found in the lower part of the Hanford 
Reach between Wooded Island and the 300 Area (Figure 4.1). 

Sixteen metals were analyzed in Canada goose eggshells.  Nickel results were not used because of a 
systematic analytical interference from calcium.  For the remaining metals, concentrations of arsenic, 
beryllium, silver, mercury, selenium, uranium, and antimony were generally below the detection limits.  
Comparison of metal concentrations in eggshells from nests with 100% hatch with eggshells from nests 
with unhatched eggs found a statistically significant difference (P < 0.05) for manganese and zinc.  
Manganese was higher in eggshells from nests with 100% hatch, while zinc was higher in eggshells with 
less than 100% hatch (Table 4.4).  No research was found linking manganese or zinc to hatching success 
in geese; however there is ample research for fowl and some other species of birds (Cooper 2001; 
Holthem and Powell 2000; Jamieson and Ryan 1999; Wiemeyer 2005).  Studies examining hatching 
success in other species of birds exposed to manganese and zinc indicate that dietary deficiency of these 
two trace metals can impact hatchability of eggs.  No apparent relationship was found between the 
concentration of the more toxic metals (i.e., lead, mercury, cadmium, arsenic, chromium) and hatching 
success.  Chromium did not appear to be elevated in eggshells, nor was hatching success lower on the 
upper islands where exposure to chromium is potentially greater due to its presence in groundwater 
seepage along the 100 Areas shoreline (Hope and Petersen 1996).  Concentrations of metals in eggshells 
collected from the reference location generally were similar to the levels in eggshells collected from the 
upper and lower parts of the Hanford Reach. 
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Table 4.4. Metal Concentrations (µg/g dry wt) in Eggshells from Nests with Either 100% Hatch or Less 
Than 100% Hatch (average 72%) in 2006 

Metal 

Hatched Eggs (100%; N = 21) 
Islands 1, 5, 10, 15, 18, 19, PRP(a) 

Unhatched Eggs (72%; N = 10) 
Islands 17, 18, 19, 20 

Reference Site(a) 

(N = 3) 

Mean 2 SE(b) 
Maxi-
mum 

Number 
Above 

Detection Mean 2 SE 
Maxi-
mum 

Number 
Above 

Detection Mean 

Number 
Above 

Detection 
Arsenic < Det(c)   0 of 21 < Det   0 of 10 < Det 0 of 3 
Silver < Det   0 of 21 < Det   0 of 10 < Det 0 of 3 
Beryllium < Det   0 of 21 0.04  0.06 1 of 10 < Det 0 of 3 
Uranium 0.010  0.013 1 of 21 < Det   0 of 10 < Det 0 of 3 
Selenium 0.20  0.26 1 of 21 0.21  0.26 1 of 10 < Det 0 of 3 
Mercury 0.001  0.002 1 of 21 0.002 0.002 0.009 2 of 10 0.001 1 of 3 
Antimony 0.010 0.001 0.015 2 of 21 0.010 0.001 0.013 2 of 10 0.012 1 of 3 
Chromium 0.15 0.03 0.43 16 of 21 0.12 0.01 0.15 8 of 10 0.11 2 of 3 
Lead 0.08 0.03 0.35 20 of 21 0.12 0.11 0.46 9 of 10 0.14 3 of 3 
Aluminum 13.94 2.16 22.7 21 of 21 11.29 1.01 13.9 10 of 10 14.44 3 of 3 
Cadmium 0.07 0.01 0.10 21 of 21 0.06 0.01 0.08 10 of 10 0.10 3 of 3 
Copper 2.33 0.49 6.13 21 of 21 2.00 0.15 2.26 10 of 10 1.38 3 of 3 
Manganese 2.71 1.18 12.35 21 of 21 0.88 0.38 2.10 10 of 10 2.44 3 of 3 
Thorium 7.56 0.61 9.94 21 of 21 8.29 0.61 9.98 10 of 10 9.66 3 of 3 
Zinc 1.67 0.82 6.89 21 of 21 4.35 2.52 12.14 10 of 10 0.94 3 of 3 
(a) PRP = Priest Rapids pool reference site nests.  All had 100% hatch rates and were included in the statistics for 

hatched eggs. 
(b) 2 standard errors. 
(c) Less than detection. 

4.3 Discussion 

This discussion addresses the significance and limitations of surveillance results for radionuclides and 
metals in Canada geese from the Hanford Site and reference areas.  A major limiting factor in the 
evaluation of contaminants in Canada goose liver is the relatively small number of geese sampled in 
recent years and the associated restrictions on statistical robustness of the data.  This limitation applies 
primarily to the metals data.  Environmental surveillance at the Hanford Site was reduced following 
phase-out of the single-pass reactors and final closure of N Reactor.  Annual surveillance sampling 
includes groundwater, seeps, river water, sediment, and other biota, including soil and vegetation, on a 
rotating schedule.  The current design is supported by an extensive historical database of sampling and 
results that provide a thorough and comprehensive understanding of the fate of contaminants in Hanford 
Site environs.  This base of information is enhanced by additional ongoing site-specific ecological risk 
assessments being conducted by DOE and its Hanford Site contractors.  The numbers of geese collected 
in 2003, 2005, and 2007 as an annual stand-alone effort would be inadequate to meet the broader 
objectives of the surveillance program if the other surveillance activities involving other environmental 
media were not conducted.  This assessment of contaminants in Canada geese has been conducted 
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singularly without addressing contaminant data in other Hanford Site environmental media and, as such, 
does not constitute a risk assessment.  Instead, the report has been written as an attempt to characterize 
our knowledge about the state of contaminant monitoring in Canada geese and provide some perspective 
on evaluating the potential impacts of those contaminants on Canada geese. 

4.3.1 Radionuclides 

The discussion of radionuclides focuses first on activation products and then on fission products.  
This organization parallels historic site operations in that during the operation of single-pass reactors, 
activation products dominated the releases to the Columbia River.  Since the shutdown of the single-pass 
reactors, radiological characterization of Hanford Site environs have become dominated by fission 
products, of which a large component outside site facilities has been derived from atmospheric fallout.  
The third section addresses dose estimates to Canada geese. 

4.3.1.1 Activation Products 

Because most of the activation products associated with single-pass reactor operations have decayed 
to stable isotopes, our focus is on cobalt-60 measured by gamma spectroscopy in muscle samples.  
Cobalt-60 is an activation product found as a minor (trace) dissolved constituent of liquid effluents of 
single-pass reactors (Healey et al. 1958), with a half-life of approximately 5.2 years.  Radioactive metal 
particles containing elevated concentrations of cobalt-60 were discharged to the Columbia River in 
reactor effluent during the single-pass reactor operations.  These particles have been deposited on islands 
and along the shoreline of the Columbia River (Sula 1980; Cooper and Woodruff 1993).  In the 1970s, 
concentrations of cobalt-60 were frequently detected in various abiotic environmental media.  Richard 
and Sweany (1977) reported concentrations of cobalt-60 in goose embryos and eggshells collected from 
the Hanford Reach.  Their values were expressed in pCi/kg of ash weight and are not directly comparable 
to surveillance data.  However, since then, environmental concentrations have dropped to below detection 
levels.  Without the operation of the production reactors, there is no production of cobalt-60 at DOE 
facilities on the Hanford Site, and it presents no substantive radiological hazard to Canada geese or those 
animals or human hunters that could consume them. 

4.3.1.2 Fission Products 

Cesium-137 is a gamma emitter of special importance because it is chemically similar to potassium, 
which is found in edible muscle tissue.  On the Hanford Site, the primary sources of cesium-137 
contamination are associated with waste management activities in the 200 Area.  Cesium-137 has never 
been a major component of radiological liquid discharges to the Columbia River at the Hanford Site, as it 
is neither an activation product associated with single-pass reactor operations nor a significantly mobile 
component of contaminated groundwater.  Environmental levels of cesium-137 in the river are 
attributable mainly to atmospheric fallout.  Before 1994, the Hanford Site had several low-level waste 
ponds associated with waste management in the 200 Areas.  These ponds were a source of exposure to 
low levels of radionuclides for waterfowl (Poston and Cooper 1994); however, they were rarely used by 
Canada geese because the Columbia River provided more suitable habitat.  Mallard ducks were the most 
common species sampled at the waste ponds.  With the closure of the last pond (B pond) in 1994, 
monitored levels of cesium-137 have dropped below detection limits in waterfowl. 
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Strontium-90 is chemically similar to calcium and accumulates in hard tissues rich in calcium such as 
bones, antler, and shells, including eggshells.  Hard-tissue concentrations of strontium-90 reflect that 
organism’s exposure; however, strontium-90 in hard tissue generally does not contribute much to human 
dose because it does not accumulate in edible tissue.  Contaminated groundwater entering the Columbia 
River via shoreline springs near the 100-N and 100-H Areas is the primary Hanford source for 
strontium-90.  However, in 2001, the contribution to the river from these springs was less that 4.3% of the 
contribution from historic fallout from atmospheric nuclear weapons testing.  In 1990, the contribution 
was about 11% (Jaquish 1993).  While Rickard has identified a reed canary grass to goose pathway along 
the Columbia River (Rickard and Price 1990), levels of strontium-90 measured in goose muscle, bone, or 
eggshells have not attained levels that would result in estimated dose levels in excess of those designated 
to protect populations of wildlife and have, in recent years, declined to more benign levels close to the 
limit of detection.  DOE guidance has adopted a value of 0.1 rad/d as protective of terrestrial animals 
(DOE 2002). 

Cesium-137 concentrations in goose muscle and in other biota from the Hanford Site now are at 
levels close to or below the detection limits for the radionuclides (Stegen et al. 2006).  Hanford Site waste 
management practices and the chemical propensity for cesium-137 adsorb to sediment have effectively 
sequestered the radionuclide such that it does not migrate through Hanford Site environs at levels that can 
be readily measured.  The ability to measure strontium-90 has fared a little better because the radio-
chemical methodology for strontium-90 frequently can detect concentrations an order of magnitude lower 
than cesium-137 in environmental media.  The decrease of strontium-90 in eggshells through time is 
similar to a decrease observed in fish samples collected over the same period (Poston 1994).  Because of 
its affinity for hard tissue, strontium-90 has proven useful for following trends in the environment with 
goose eggshells as well as deer antlers (Tiller and Poston 2000), bone samples of rabbits and deer (Poston 
and Cooper 1994), and in Asiatic clams (Corbicula fluminea). 

4.3.1.3 Radionuclide Dose Rates 

The relative risk to geese resulting from the accumulation of radionuclides in their tissue can be 
assessed by using the maximum observed concentrations to calculate an estimated dose rate.  Internal 
dose conversion factors (DCFs) were taken from the RESRAD-BIOTA program (Interagency Steering 
Committee on Radiation Standards 2004) and Amiro (1997).  The DCFs, when multiplied by the 
maximum observed concentration in a tissue, produces an estimated dose rate.  The DCFs are 
conservative in that they assume all the energy from gamma emissions is adsorbed by the tissue when, in 
fact, much of the energy is dispersed into the surrounding environment when the gamma photon exits the 
animal.  All the energy from beta decay is adsorbed by the organism.  Dose rates resulting from 
strontium-90 include the beta decay emissions of yttrium-90, the radioactive progeny of strontium-90.  
Dose rates are compared to the proposed benchmark of 0.1 rad/day for populations of terrestrial 
organisms (DOE 2002).  All the radionuclides evaluated in this assessment fell well below the screening 
level of 0.1 rad/day (Table 4.5). 

The hazard to developing goose embryos from strontium-90 in the eggshell is mitigated in part by 
adsorption of the beta particles within the shell matrix, the inner membrane, and albumin of the egg.  Beta 
particles are effectively attenuated by liquids and solids, and the majority of emissions from the eggshell 
would not reach the developing embryo until its body filled the egg.  At that time, the emissions would 
affect the developing epidermis of the embryo.  To bracket the maximum dose rate, we can assume that 
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tissue adjacent to the shell would receive the same exposure as the shell matrix.  The maximum 
strontium-90 concentration in eggshell was observed in 1991 and was 3.15 pCi/g.  Based on the dose 
conversion factor of 5.78 × 10−5 rad/day per pCi/g, the associated dose rate is 1.8 × 10−4 rad/day and is 
well below the guidance level of 0.1 rad/day. 

Table 4.5. Conservative Radiological Dose Rates Associated with Maximum Radionuclide 
Concentrations in Canada Goose Tissue Samples Collected from 1971–2005 

Radionuclide Emissions 

Dose Conversion 
Factor 

(rad/day per pCi/g 
wet wt)(a) 

Maximum 
Concentration 
(pCi/g wet wt) Year 

Screening Dose 
Rate (rad/day) 

Phosphorus-32 β- 3.56 H 10-05 1.19 1971 4.23 H 10-05 

Cobalt-58 EC, β+, γ 5.15 H 10-05 0.57 1972 2.94 H 10-05 

Zinc-65 EC, γ 3.01 H 10-05 1.32 1971 3.98 H 10-05 
Manganese-54 EC, γ 4.30 H 10-05 0.02 (MDC)(b) 1977 8.60 H 10-07 
Europium-152 EC, β-, β+, γ 6.52 H 10-05 4.25 1971 2.77 H 10-04 
Zirconium-niobium-95 β-, γ 8.52 H 10-05 0.02 (MDC) 1977 1.70 H 10-06 
Cobalt-60 β-, γ 1.33 H 10-04 0.17 1974 2.26 H 10-05 
Cesium-137(c) β-, γ 4.33 H 10-05 3.73 1976 1.61 H 10-04 
Strontium-90(c) (bone) β- 5.78 H 10-05 0.72 1995 4.16 H 10-05 
Strontium-90(c) (muscle) β- 5.78 H 10-05 0.017 1972 9.83 H 10-07 
Strontium-90(c) (shell(d)) β- 5.78 H 10-05 3.15 1991 1.82 H 10-04 
(a) Dose conversion factors taken from RESRAD-BIOTA code (Interagency Steering Committee on Radiation 

Standards 2004) except for phosphorus-32 (Amiro 1997) and manganese-54 (E. J. Antonio, PNNL, 
unpublished data). 

(b) Minimum detectable concentration; value reported was less than detection limit shown. 
(c) Includes decay energy of barium-137m and yttrium-90 for cesium-137 and strontium-90, respectively. 
(d) Calculated as dose rate to shell matrix; dose rate to developing embryo is much less due to attenuation of 

ionizing radiation by the egg albumin. 

4.3.2 Metals 

The evaluation of metals in Canada goose tissues involved a much smaller data set than that for 
radionuclides and focused primarily on the Group I metals.  Information on Group II metals may be found 
in Appendixes A and B.  Without a tool like radiological dose assessment to put tissue concentrations of 
contaminants in perspective, the evaluation of metals in goose tissue employed other evaluation 
techniques.  We addressed the question of location effects with parametric statistical analysis to determine 
if metal concentrations in goose liver indicated greater exposure for geese collected on the Hanford Site 
relative to geese collected at offsite reference locations upstream and distant to the site.  In addition, metal 
concentrations in liver of Canada geese from this study were compared to reported levels of metals in 
other waterfowl across the country.  This comparison does not necessarily indicate adverse conditions at 
Hanford or elsewhere, but it does indicate where the distribution of metals departs from the norm as 
defined by other data sets. 

4.3.2.1 Location Effects 

Seven of eleven Group I metals were elevated in livers of Hanford Reach geese when compared to 
Canada geese collected from offsite reference areas.  The primary vector of accumulation for these metals 
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is the food chain that, for Canada geese, is more terrestrial than aquatic.  Geese are preferential grazers 
and feed on emergent grasses (reed canary grass along the shoreline, along with other plants in the 
riparian zone).  After the juveniles fledge, the potential for grazing in adjacent agricultural fields 
increases.  While concentrations of the metals were elevated in onsite geese compared to samples 
collected in offsite geese, the source and specific pathways for these metals are unknown.  Some shoreline 
areas have groundwater seepage with distinctively elevated concentrations of chromium, so this is a 
possible source of exposure for geese feeding in these riparian areas.  Metal-based pesticides, which could 
account for the elevated levels of arsenic, lead, and possibly mercury, may have been applied to 
abandoned orchards and fields on the Hanford Site.  Sources of copper and thallium are unknown. 

4.3.2.2 Comparison to Metals Concentrations in Liver of Canada Geese to 
Other Waterfowl 

While the analysis indicates statistically significant differences in liver concentrations by sampling 
region, the question of biological and toxicological implications associated with the increased hepatic 
concentrations remains.  Many of these metals, while toxic at elevated concentrations, are essential 
micronutrients (e.g., arsenic, chromium, copper, manganese, selenium, and zinc).  Lead, mercury, 
aluminum, thallium, and cadmium are considered nonessential metals with little if any benefit to life 
forms. 

To evaluate the biological and toxicological implications, hepatic concentrations of metals in geese 
sampled on the Hanford Site were compared to values published in the literature for both toxicological 
benchmarks in waterfowl of the family Anatidae and the range of hepatic metal concentrations for metals 
in other species of waterfowl across the United States.  Toxicity benchmarks have been compiled in the 
ERED (USACE/EPA 2005), and the USGS Contaminants Exposure and Effects Database (Rattner et al. 
2006) contains information on the levels of metals reported in waterfowl collected in North America.  
This second database provides an indication of the range of metal concentrations in the tissues of wild 
waterfowl, but in most cases, the potential for these fowl to be exposed to elevated levels of metals is 
unknown; the summarized data simply provide a point of reference.  A comprehensive table and 
supporting narrative of the literature review is provided in Appendix B (Table B.1). 

Data were not available for Canada geese in either of these databases, so our assessment used results 
for other waterfowl of the family Anatidae, including lesser snow geese (Chen (formerly Anser) 
caerulescens caerlescens; Hui et al. 1998), the black duck (Anas rubripes), canvasback (Aythya 
valisineria), greater scaup (Aythya marila), and redhead (Aythya americana).  Data for these last 
four species were obtained primarily from Rattner et al. (2006).  Data in these reports consisted of listings 
of means, medians, associated estimates of uncertainty (e.g., standard deviation, standard error), raw data, 
or maximums. 

The data for the Group I metals have been summarized for the Hanford Site Canada goose data, 
literature survey of waterfowl, and the toxicological benchmarks and biomarkers in Figure 4.8.  
Comparisons were made by defining the spread of the data (minimum value to maximum value) with a 
narrow striped band.  Symbols (inverted triangles) in the band show the overall mean metal concentration 
for 2003, 2005, and 2007 samples for the Hanford Site (solid) and the offsite locations (open).  The values 
reported were taken from Table A.2 and Appendix B.  Faded sections of the band with an arrow pointing 
to the left indicate some results in the data set were reported at less than detection concentrations.   
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Figure 4.8. Comparison of the Concentrations of Hepatic Metals in Geese from the Hanford Site and Associated Reference Areas with Values 

Obtained in a Review of Technical Literature of Other Waterfowl 
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For the literature data, a separate band was constructed showing the range (minimum and maximum 
reported values) taken from Table B.1.  For chromium, the range of the data was not reported and only the 
range of reported means is presented.  Symbols for available ecotoxicological benchmarks (empty 
diamond) or biomarker concentrations (solid diamond) are reported for cadmium, lead, mercury, 
selenium, and zinc (Table B.2). 

The literature review provided meaningful comparisons for the majority of Group I metals 
(Figure 4.8).  The exceptions were aluminum and thallium, for which there was a dearth of reported liver 
concentrations in waterfowl.  Only the range of manganese concentrations in Hanford Site goose livers 
were in excess of literature values reported in other waterfowl.  Ecotoxicological benchmarks and 
biomarkers exceeded the maximum observed concentrations of cadmium, lead, mercury, selenium, and 
zinc in Hanford Site Canada goose liver samples, suggesting that there is low probability of risk to geese 
associated with these metals. 

4.3.3 Metals in Canada Goose Eggshells 

Heavy metal concentrations in eggshells were comparable to concentrations found for other water-
fowl and shorebirds at uncontaminated and contaminated sites (Table 4.6) (Rodriguez-Navarro et al. 
2002; Morera et al. 1997; Currie and Valkama 1998; Rickard and Schuler 1990).  It has been proposed 
that birds eliminate heavy metal by excretion and deposition in feathers and eggs (Burger 1994).  
Although eggshells provide an efficient and effective way to monitor for metals in biota, little is 
published on the comparative distribution of metals in goose or waterfowl tissues and eggshells.  Studies 
on house sparrows (Passer domesticus) indicate that eggshells were the least enriched tissue for metal 
accumulation compared to other soft tissues, including liver, muscle, heart, stomach, brain, egg contents, 
lung, bone, and feathers (Swaileh and Sansur 2006).  Other studies suggest that contaminants are not 
generally passed from adult to egg.  Studies of grackles (Bryan et al. 2003) and eiders (Grand et al. 2002) 
found selenium was the only contaminant for which there was a relationship between levels in adults and 
egg contents.  In eiders, there was no relationship between contaminant levels and hatching rate.  Metals 
may be passively excreted in eggs and eggshells, but this would be counter adaptive because elevated 
levels of metals in eggshells would potentially be toxic to the developing embryo if mobilized from the 
shell.  If metals were present in the yolk or albumen, they could also exert a toxic effect.  Assuming that 
the tissue distribution of metals indicated in house sparrows holds for waterfowl, the excretion of metals 
in eggshells and egg contents is likely at best passive and incidental to the function of reproduction. 

Conclusions regarding the relationship between metal concentrations in Canada geese eggshells and 
hatching success are limited by the number of samples, the fact that data were collected for only a single 
nesting season, and the lack of information on other factors that may affect hatching success.  For 
example, data are lacking on the contaminant burdens of nesting geese and on the resulting hatching 
success and clutch size.  Also, collected eggshells may be from geese that migrated to the Hanford Reach, 
which casts additional uncertainty regarding the contaminant exposure history.  Overall, no conclusions 
can be derived regarding the observations on metal concentrations in eggshells, hatching success, and 
general proximity to industrialized areas on the Hanford Site.  However, these data sets provide baseline 
information regarding the range of metal concentrations in eggshells compared to liver.  Eggshells are 
most appropriate for monitoring metals that may behave as chemical analogues of calcium, such as 
strontium-90. 
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Table 4.6. Mean Heavy Metal Concentrations (µg/g dry wt) in Eggshells from Canada Geese Compared 
to Those of Other Birds Collected from Reference (i.e., Background) or Polluted Sites, 
2001 Data 

Species Mean 2 SE(a) Range Method Source 
Copper 

Canada geese (unhatched) 2.00 0.154  ICP-MS This study 
Canada geese (hatched) 2.33 0.49  ICP-MS This study 
Canada geese (1989; N = 3) 12.2  8.5-16 XRF Rickard and Schuler (1990) 
Ring-billed gull (N = 3) 8.5  8.1-9.1 XRF Rickard and Schuler (1990) 
Great blue heron (N = 8) 9.0  7.0-11 XRF Rickard and Schuler (1990) 
Osprey (N = 3) 9.3  7.2-12 XRF Rickard and Schuler (1990) 
Audouin’s gull 2.14 0.19  ICP-MS Morera et al. (1997) 

Clapper rail (reference) 1.37 0.36  ICP-MS Rodriguez-Navarro et al. (2002) 

Clapper rail (polluted) 1.71 0.25  ICP-MS Rodriguez-Navarro et al. (2002) 
Curlew (reference 1) 7.7 0.56  ICP-MS Currie and Valkama (1998) 
Curlew (reference 2) 8.03 0.48  ICP-MS Currie and Valkama (1998) 

Curlew (polluted) 9.56 1.22  ICP-MS Currie and Valkama (1998) 

Manganese 
Canada geese (unhatched) 0.88 0.38  ICP-MS This study 

Canada geese (hatched) 2.71 1.18  ICP-MS This study 

Audouin’s gull 0.29 0.12  ICP-MS Morera et al. (1997) 

Clapper rail (reference) 5 1.11  ICP-MS Rodriguez-Navarro et al. (2002) 

Clapper rail (polluted) 7 1.31  ICP-MS Rodriguez-Navarro et al. (2002) 

Mercury 
Canada geese (unhatched) 0.002  < Det.–0.0.009 CVAA This study 

Canada geese (hatched) 0.001  < Det.–0.002 CVAA This study 

Audouin’s gull 0.22 0.03  CVAA Morera et al. (1997) 

Clapper rail (reference) 0.105 0.04  ICP-MS Rodriguez-Navarro et al. (2002) 

Clapper rail (polluted) 0.37 0.23  ICP-MS Rodriguez-Navarro et al. (2002) 

Zinc 
Canada geese (100% hatched) 1.67 0.82  ICP-MS This study 

Canada geese (unhatched) 4.35 2.52  ICP-MS This study 
Canada geese (1989; N = 3) 1.6  < Det.–4.8 XRF Rickard and Schuler (1990) 
Ring-billed gull (N = 3) 9.4  6.3–13 XRF Rickard and Schuler (1990) 
Great blue heron (N = 8) 6.7  < Det.–16 XRF Rickard and Schuler (1990) 
Osprey (N = 3) 14  3.2–23 XRF Rickard and Schuler (1990) 
Audouin’s gull 6.58 0.57  ICP-MS Morera et al. (1997) 
Clapper rail (reference) 4.8 1.31  ICP-MS Rodriguez-Navarro et al. (2002) 
Clapper rail (polluted) 6.33 1.83  ICP-MS Rodriguez-Navarro et al. (2002) 
Curlew (reference 1) 3.77 1.08  ICP-MS Currie and Valkama (1998) 
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Table 4.6.  (contd) 

Species Mean 2 SE(a) Range Method Source 

Zinc 

Curlew (reference 2) 4.53 0.76  ICP-MS Currie and Valkama (1998) 

Curlew (polluted) 5.2 2.68  ICP-MS Currie and Valkama (1998) 

Lead 

Canada geese (hatched) 0.079 0.033  ICP-MS This study 

Canada geese (unhatched) 0.121 0.105  ICP-MS This study 

Clapper rail (reference) 0.23 0.555  ICP-MS Rodriguez-Navarro et al. (2002) 

Clapper rail (polluted) 0.37 0.227  ICP-MS Rodriguez-Navarro et al. (2002) 

Selenium 

Canada geese (hatched) 0.203 0.005  ICP-MS This study 

Canada geese (unhatched) 0.206 0.012  ICP-MS This study 

Clapper rail (reference) 0.71 0.155  ICP-MS Rodriguez-Navarro et al. (2002) 

Clapper rail (polluted) 0.9 0.113  ICP-MS Rodriguez-Navarro et al. (2002) 

(a) 2 standard errors. 
CVAA = cold vapor atomic absorption. 
ICP-MS = inductively coupled plasma mass spectrometry. 
XRF = x-ray fluorescence. 

4.4 Conclusions 

Monitoring data describing the contaminant concentrations of Canada geese for radionuclides do not 
indicate any significant exposures of these waterfowl to contaminants that may compromise their health, 
either as individuals or as a population.  Data collected from 1971 through 2005 do not indicate that 
Canada geese accumulated radionuclides to levels in excess of conservative guidelines established for the 
protection of biota.  Eggshells and bone samples are good media for tracking strontium-90. 

Monitoring of waterfowl at the Hanford Site initially focused on the hazards posed by consumption of 
waterfowl by hunters.  Much of the emphasis in these early collections was on ducks collected from the 
Columbia River and low-level waste management ponds on the Central Plateau.  At the time of single-
pass reactor operations up through 1971, a preponderance of Hanford Reach Canada geese nested on the 
upper islands (see Section 2).  Geese utilizing the upper islands potentially had greater exposure to reactor 
effluents due to closer proximity to effluents than those nesting on the lower islands.  Early assessments 
of risk to the public who consumed waterfowl in the Mid-Columbia area concluded that the levels of 
radioactivity in Hanford Reach waterfowl did not constitute a significant vector to human populations 
residing in the Mid Columbia (Hanson and Case 1963; see also annual environmental monitoring reports 
for the Hanford Site at http://hanford-site.pnl.gov/envreport/).  The influx of migratory waterfowl into the 
Mid-Columbia Basin during the hunting seasons further reduced the probability that a hunter would 
harvest and consume resident ducks or geese.  Consequently, risk of human exposure to Hanford 
contaminants was reduced.  The banding studies (Section 3) provide an indication of how far resident 
geese disperse during migrations.  Assuming that these geese accumulated contaminants at the Hanford 
Site, the risk to hunters at these distant locations is mitigated also by the low probability of harvesting  

http://hanford-site.pnl.gov/envreport/�
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multiple birds that had resided at the Hanford Site.  Additionally, the levels of site contaminants, if 
elevated above background, will equilibrate to background due to decay (radionuclides) and biological 
turnover.  

Hepatic metal concentrations of seven metals in Canada geese collected at locations within the 
Hanford Site exceeded concentrations collected at the offsite reference location.  When compared with 
other lines of evidence, hepatic metal concentrations did not indicate that exposure of Canada geese to 
metals at the site presents a threat of elevated risk.  Comparisons of hepatic metal concentrations to other 
waterfowl suggested that only manganese levels were greater in Canada geese collected at the Hanford 
Site than observed elsewhere in the country; all other concentrations of Group I metals were lower.  There 
is some uncertainty in the benchmarks available for waterfowl because they come from different species 
and the benchmarks are limited in number.  The concentrations of Group I metals were below reported 
ecotoxicological screening benchmarks and biomarkers.   

Low concentrations of contaminants found in Canada geese that inhabit the Hanford Reach is 
consistent with other aspects of Canada goose population monitoring, indicating that the Hanford Reach 
Canada goose population is generally healthy and robust.  
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Appendix A 

Supplemental Data Tables on  
Metal Contaminants in Canada Geese 

A.1 Mercury in Liver and Kidney Samples, 2001 

Because of a problem with sample preparation, only mercury was evaluated for goose samples 
collected in 2002.  Median mercury concentrations in goose kidney were slightly higher than median 
concentrations in liver (Table A.1).  The median concentrations in liver collected in 2001 were similar to 
the median concentrations observed in samples collected in 2003, 2005, and 2007.  Maximum values for 
mercury in liver samples in 2001 ranged from 0.062 to 0.104 µg/g dry wt.  These liver concentrations 
were lower than the maximum liver concentration (0.157 µg/g dry wt) observed in 2003 from the 
100 Areas. 

Table A.1. Descriptive Statistics for Concentrations of Mercury in Canada Goose Kidney and Liver 
Collected in 2001 (blank-corrected data, µg/g dry wt) 

 Mean Median Standard Error Minimum Maximum Count 
Kidney 

100 Areas 0.079 0.083 0.014 0.032 0.118 6 
Hanford town site 0.066 0.056 0.019 0.031 0.119 4 

Liver 
100 Areas 0.071 0.073 0.011 0.035 0.104 6 
Hanford town site 0.046 0.046 0.006 0.023 0.062 5 

A.2 Descriptive Statistics of Metals in Canada Goose Livers 

Tables A.2 and A.3 provide descriptive statistics for Group I and Group II metals in Canada goose 
livers by year and sampling area.  The values reported have not been corrected to significant digits; and it 
is assumed that for general review, no more than two significant digits should be assumed.  Other 
important factors to consider when reviewing the data are the number of results that were below detection 
and, at some sampling locations, the actual number of samples collected. 
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Table A.2. Descriptive Statistics for Concentrations of Group I Metals in Canada Goose Liver Collected 
in 2003, 2005, and 2007 (not blank-corrected, µg/g dry wt) 

Location Year Mean Median 
Standard 

Error Minimum Maximum Count 
Aluminum 

100 Areas 
2003 11.421 5.26 6.172 2.34 54.2 8 
2005 2.412 2.3 0.373 1.29 3.5 5 
2007 1.4 1.16 0.367 0.631 2.8 5 

Hanford town site 
2003 4.485 4.485 0.495 3.99 4.98 2 
2005 2.482 2.61 0.232 1.86 3.18 5 
2007 1.153 1.24 0.101 0.836 1.41 5 

Onsite 2003-07 4.586 2.475 1.752 54.2 0.631 30 
Moses Lake 2007 1.967 1.77 0.353 1.2 2.89 5 

Priest Rapids pool 
2003 3.155 3.155 1.315 1.84 4.47 2 
2005 5.478 3.77 2.121 1.91 13.8 5 

Offsite 2003-07 3.628 2.795 0.982 13.8 1.2 12 
Arsenic 

100 Areas 
2003 0.356 0.3 0.071 0.199(a) 0.746 8 
2005 0.162 0.169 0.01 0.132 0.191 5 
2007 0.34 0.329 0.033 0.267 0.446 5 

Hanford town site 
2003 0.199 0.199 0 0.199(a) 0.199 2 
2005 0.156 0.151 0.031 0.07(a) 0.245 5 
2007 0.398 0.396 0.015 0.366 0.445 5 

Onsite 2003-07 0.284 0.256 0.027 0.746 0.07 30 
Moses Lake 2007 0.1 0.1 0 0.1 0.1 5 

Priest Rapids pool 
2003 0.282 0.282 0.084 0.199(a) 0.366 2 
2005 0.159 0.141 0.021 0.103(a) 0.211 5 

Offsite 2003-07 0.155 0.118 0.023 0.366 0.1 12 
Cadmium 

100 Areas 
2003 3.288 2.455 1.136 0.622 10.4 8 
2005 4.151 4.77 1.684 0.217 8.15 5 
2007 2.871 2.84 1.134 0.204 5.54 5 

Hanford town site 
2003 8.985 8.985 6.615 2.37 15.6 2 
2005 2.89 1.04 1.201 0.892 6.48 5 
2007 2.705 0.4 1.44 0.31 6.35 5 

Onsite 2003-07 3.578 2.605 0.663 15.6 0.204 30 
Moses Lake 2007 0.539 0.423 0.188 0.116 0.993 5 

Priest Rapids pool 
2003 2.395 2.395 0.595 1.8 2.99 2 
2005 2.149 0.904 1.038 0.682 6.11 5 

Offsite 2003-07 1.519 0.937 0.487 6.11 0.116 12 
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Table A.2.  (contd) 

Location Year Mean Median 
Standard 

Error Minimum Maximum Count 
Chromium 

100 Areas 
2003 0.418 0.406 0.024 0.333 0.548 8 
2005 0.202 0.2 0.007 0.181 0.22 5 
2007 0.278 0.27 0.032 0.215 0.397 5 

Hanford town site 
2003 0.422 0.422 0.085 0.337 0.507 2 
2005 0.224 0.234 0.021 0.162 0.286 5 
2007 0.343 0.279 0.076 0.23 0.646 5 

Onsite 2003-07 0.314 0.277 0.022 0.646 0.162 30 
Moses Lake 2007 0.146 0.139 0.007 0.132 0.167 5 

Priest Rapids pool 
2003 0.428 0.428 0.066 0.362 0.495 2 
2005 0.178 0.176 0.004 0.169 0.194 5 

Offsite 2003-07 0.207 0.172 0.032 0.495 0.132 12 
Copper 

100 Areas 
2003 52.762 37 14.19 19.7 125 8 
2005 53.76 59 7.147 26.3 65.3 5 
2007 33.86 35.7 4.331 17.8 44.1 5 

Hanford town site 
2003 28.7 28.7 6.8 21.9 35.5 2 
2005 59.34 58 9.828 25.9 85.8 5 
2007 42.86 43.9 1.664 37.8 47 5 

Onsite 2003-07 47.62 44 4.5 125 17.8 30 
Moses Lake 2007 28.008 28.4 8.715 9.74 59.1 5 

Priest Rapids pool 
2003 55.18 55.18 6.08 49.1 61.26 2 
2005 19.5 18.5 2.182 13.2 26.7 5 

Offsite 2003-07 28.992 23.7 5.16 61.26 9.74 12 
Mercury 

100 Areas 
2003 0.071 0.07 0.016 0.019 0.157 8 
2005 0.052 0.032 0.015 0.027 0.104 5 
2007 0.044 0.042 0.003 0.036 0.056 5 

Hanford town site 
2003 0.03 0.03 0.007 0.023 0.037 2 
2005 0.063 0.061 0.007 0.04 0.082 5 
2007 0.044 0.041 0.004 0.034 0.057 5 

Onsite 2003-07 0.055 0.042 0.005 0.157 0.019 30 
Moses Lake 2007 0.037 0.041 0.004 0.024 0.043 5 

Priest Rapids pool 
2003 0.031 0.031 0.003 0.028 0.034 2 
2005 0.021 0.021 0.001 0.019 0.025 5 

Offsite 2003-07 0.029 0.026 0.003 0.043 0.019 12 
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Table A.2.  (contd) 

Location Year Mean Median 
Standard 

Error Minimum Maximum Count 
Manganese 

100 Areas 
2003 12.08 11.4 1.139 8.07 16.4 8 
2005 9.412 9.87 1.137 6.3 13 5 
2007 7.148 6.59 0.718 6.15 10 5 

Hanford town site 
2003 11.48 11.48 1.62 9.86 13.1 2 
2005 10.934 9.69 1.669 7.2 17.1 5 
2007 10.524 9.63 0.773 9.08 12.5 5 

Onsite 2003-07 10.323 9.865 0.553 17.1 6.15 30 
Moses Lake 2007 11.262 12 0.921 8.87 13.6 5 

Priest Rapids pool 
2003 10.405 10.405 0.585 9.82 10.99 2 
2005 8.644 8.3 0.418 7.95 10.25 5 

Offsite 2003-07 10.028 9.579 0.541 13.6 7.95 12 
Lead 

100 Areas 
2003 0.141 0.121 0.046 0.036 0.445 8 
2005 0.263 0.129 0.133 0.041 0.743 5 
2007 0.31 0.094 0.209 0.049 1.14 5 

Hanford town site 
2003 0.075 0.075 0.029 0.046 0.105 2 
2005 0.134 0.069 0.053 0.05 0.328 5 
2007 0.097 0.066 0.035 0.038 0.226 5 

Onsite 2003-07 0.176 0.099 0.043 1.14 0.036 30 
Moses Lake 2007 0.071 0.078 0.018 0.022 0.123 5 

Priest Rapids pool 
2003 0.047 0.047 0.014 0.034 0.061 2 
2005 0.087 0.065 0.032 0.03(a) 0.207 5 

Offsite 2003-07 0.074 0.063 0.015 0.207 0.022 12 
Selenium 

100 Areas 
2003 3.863 3.75 0.317 2.66 5.5 8 
2005 3.538 3.57 0.229 2.77 4.2 5 
2007 5.114 4.87 0.452 3.97 6.41 5 

Hanford town site 
2003 2.625 2.625 0.545 2.08 3.17 2 
2005 4.982 4.03 0.82 3.44 7.27 5 
2007 6.736 6.79 0.115 6.33 6.97 5 

Onsite 2003-07 4.6 4.115 0.279 7.27 2.08 30 
Moses Lake 2007 1.279 1.14 0.225 0.893 2.11 5 

Priest Rapids pool 
2003 2.338 2.338 1.088 1.25 3.425 2 
2005 2.107 2.18 0.217 1.55 2.75 5 

Offsite 2003-07 1.8 1.63 0.226 3.425 0.893 12 



 

A.5 

Table A.2.  (contd) 

Location Year Mean Median 
Standard 

Error Minimum Maximum Count 
Thallium 

100 Areas 
2003 0.057 0.058 0.005 0.039 0.082 8 
2005 0.05 0.04 0.012 0.032 0.099 5 
2007 0.051 0.044 0.01 0.024 0.08 5 

Hanford town site 
2003 0.032 0.032 4.50E-04 0.032 0.033 2 
2005 0.046 0.05 0.004 0.033 0.054 5 
2007 0.05 0.048 0.005 0.036 0.063 5 

Onsite 2003-07 0.05 0.048 0.003 0.099 0.024 30 
Moses Lake 2007 0.018 0.012 0.005 0.01 0.039 5 

Priest Rapids pool 
2003 0.054 0.054 0.006 0.048 0.061 2 
2005 0.005 0.004 0.001 0.004(a) 0.008 5 

Offsite 2003-07 0.019 0.01 0.006 0.061 0.004 12 
Zinc 

100 Areas 
2003 144 136 11.77 107 198 8 
2005 152 146 7.35 134 178 5 
2007 152 150 4.59 141 166 5 

Hanford town site 
2003 223 223 67.50 155 290 2 
2005 142 145 11.46 111 176.5 5 
2007 169 169 7.10 147 188 5 

Onsite 2003-07 156 148.5 6.246 290 107 30 
Moses Lake 2007 233 135 72.00 129 500 5 

Priest Rapids pool 
2003 140 140 29.00 111 169 2 
2005 135 135 6.55 115 153 5 

Offsite 2003-07 176 135 31.809 500 111 12 
(a) Value shown is the lower limit of detection.  Group I metals arsenic, lead, and thallium had some values where 

the analytical result was less than detection. 
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Table A.3. Descriptive Statistics for Concentrations of Group II Metals in Canada Goose Liver Collected 
in 2003, 2005, and 2007 (not blank-corrected, µg/g dry wt) 

Location Year LADL(a) Mean Median 
Standard 

Error Minimum Maximum Count 
Antimony 

100 Areas 
2003 0.019 0.022 0.019 0.0020 0.019 0.03 8 
2005 0.01 0.01 0.01 0.0000 0.01 0.01 5 
2007 0.02 0.02 0.02 0.0000 0.02 0.02 5 

Hanford town site/ 
300 Area 

2003 0.019 0.019 0.019 0.0000 0.019 0.019 2 
2005 0.01 0.01 0.01 0.0002 0.01 0.011 5 
2007 0.02 0.02 0.02 0.0000 0.02 0.02 5 

Moses Lake 2007 0.02 0.02 0.02 0.0000 0.02 0.02 5 

Priest Rapids pool 
2003 0.019 0.033 0.033 0.0140 0.019 0.047 2 
2005 0.01 0.012 0.011 0.0010 0.01 0.014 5 

Barium 
100 Areas 2003 0.03 0.179 0.198 0.0330 0.104 0.282 5 
Priest Rapids pool 2003 0.03 0.086 0.086 NA 0.086 0.086 1 

Beryllium 

100 Areas 
2003 0.019 0.035 0.019 0.0100 0.019 0.08 8 
2005 0.007 0.007 0.007 0.0000 0.007 0.007 5 
2007 0.02 0.02 0.02 0.0000 0.02 0.02 5 

Hanford town site/ 
300 Area 

2003 0.019 0.027 0.027 0.0030 0.024 0.03 2 
2005 0.007 0.007 0.007 0.0000 0.007 0.007 5 
2007 0.02 0.02 0.02 0.0000 0.02 0.02 5 

Moses Lake 2007 0.01 0.01 0.01 0.0000 0.01 0.01 5 

Priest Rapids pool 
2003 0.019 0.019 0.019 0.0000 0.019 0.019 2 
2005 0.007 0.008 0.007 0.0010 0.007 0.011 5 

Nickel 

100 Areas 
2003 0.045 0.079 0.047 0.0270 0.045 0.264 8 
2005 0.05 0.05 0.05 0.0000 0.05 0.05 5 
2007 0.04 0.044 0.04 0.0040 0.04 0.061 5 

Hanford town site/ 
300 Area 

2003 0.045 0.045 0.045 0.0000 0.045 0.045 2 
2005 0.05 0.052 0.05 0.0020 0.05 0.06 5 
2007 0.04 0.041 0.04 0.0010 0.04 0.043 5 

Moses Lake 2007 0.04 0.04 0.04 0.0000 0.04 0.04 5 

Priest Rapids pool 
2003 0.045 0.045 0.045 0.0000 0.045 0.045 2 
2005 0.05 0.05 0.05 0.0000 0.05 0.05 5 
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Table A.3.  (contd) 

Location Year LADL(a) Mean Median 
Standard 

Error Minimum Maximum Count 
Silver 

100 Areas 
2003 0.045 0.046 0.045 0.0010 0.045 0.05 8 
2005 0.003 0.028 0.031 0.0060 0.004 0.042 5 
2007 0.01 0.011 0.01 0.0010 0.01 0.014 5 

Hanford town site/ 
300 Area 

2003 0.045 0.045 0.045 0.0000 0.045 0.045 2 
2005 0.003 0.043 0.04 0.0130 0.005 0.085 5 
2007 0.01 0.012 0.01 0.0020 0.01 0.02 5 

Moses Lake 2007 0.01 0.022 0.02 0.0060 0.01 0.039 5 

Priest Rapids pool 
2003 0.045 0.045 0.045 0.0000 0.045 0.045 2 
2005 0.003 0.012 0.012 0.0030 0.004 0.023 5 

Thorium 

100 Areas 
2003 0.021 0.021 0.021 0.0000 0.021 0.021 8 
2005 0.01 0.01 0.01 0.0002 0.01 0.011 5 
2007 0.03 0.013 0.013 0.0020 0.006 0.019 5 

Hanford town site/ 
300 Area 

2003 0.021 0.021 0.021 0.0000 0.021 0.021 2 
2005 0.01 0.01 0.01 0.0000 0.01 0.01 5 
2007 0.03 0.006 0.004 0.0020 0.003 0.013 5 

Moses Lake 2007 0.01 0.015 0.01 0.0050 0.01 0.033 5 

Priest Rapids pool 
2003 0.021 0.043 0.043 0.0210 0.021 0.064 2 
2005 0.01 0.073 0.073 0.0080 0.047 0.096 5 

Uranium 

100 Areas 
2003 0.031 0.031 0.031 0.0000 0.031 0.031 8 
2005 0.002 0.002 0.002 0.0002 0.002 0.002 5 
2007 0.002 0.002 0.002 0.0002 0.002 0.003 5 

Hanford town site/ 
300 Area 

2003 0.031 0.031 0.031 0.0000 0.031 0.031 2 
2005 0.002 0.003 0.003 0.0004 0.002 0.004 5 
2007 0.002 0.002 0.002 0.0001 0.002 0.002 5 

Moses Lake 2007 0.002 0.002 0.002 0.0000 0.002 0.002 5 

Priest Rapids pool 
2003 0.031 0.031 0.031 0.0000 0.031 0.031 2 
2005 0.002 0.004 0.004 0.0010 0.001 0.006 5 

(a) Laboratory achieved detection limit. 
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Appendix B 

Literature Evaluation of Group I and II Metal Contaminants in 
Canada Goose Liver 

B.1 Literature Comparisons of Group I Metals in Goose Liver 

The liver was selected for analysis because it is the organ with the greatest likelihood of reflecting 
accumulation of a broad spectrum of metals.  To ascertain if the metal concentrations observed in goose 
livers represent elevated risk, the concentrations of metals in goose liver were compared to benchmark 
values from two other databases for waterfowl.  Toxicity benchmarks have been compiled in the 
Environmental Residue-Effects Database (ERED; USACE/EPA 2005).  This database associates toxicity 
and physiological responses with measured tissue residues and consists of both no-observed effect 
concentrations and effect concentrations.  Results in ERED were reported on a wet-weight basis and, for 
comparison to our data, were converted to dry weight using a conversion factor of 3.0 wet to dry weight.  
The ERED database provided toxicity benchmarks for cadmium, lead, mercury, and selenium. 

The U.S. Geological Survey Contaminants Exposure and Effects Database (Rattner et al. 2006) was 
also reviewed to collect additional information on the levels of metals reported in other species of 
waterfowl collected in North America.  In most cases, the potential for exposure to elevated levels of 
metals to these fowl is unknown and the summarized data simply provide a point of reference.  In some 
cases (i.e., lead), metal concentrations were associated with the presence of lead shot in the gizzard, or 
wintering waterfowl were collected from areas known to have received anthropogenic contamination.  
Also, where liver concentrations were reported in wet weight, they were converted to dry weight by 
multiplying by 3. 

Data were not available for Canada geese in either of these databases, so our assessment used 
relationships established for other waterfowl including lesser snow geese (Chen [formerly Anser] 
caerulescens caerlescens; Hui et al. 1998), the black duck (Anas rubripes), canvasback (Aythya 
valisineria), greater scaup (Aythya marila), and redhead (Aythya americana).  Data for these last 
four species were obtained primarily from Rattner et al. (2006).  Data in these reports consisted of means, 
medians, associated estimates of uncertainty (i.e., standard deviation, standard error), raw data, or 
maximums.  This information is summarized in Table B.1. 

Very few studies that report ecotoxicological benchmarks or biomarker concentrations can be directly 
linked to concentrations of metals in liver tissue of waterfowl.  Results that were found were included in 
Figure 4.8 and have been summarized here in Table B.2.   
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Table B.1. Hepatic Concentrations of Group I Metals in Waterfowl in Articles Reviewed by  
Rattner et al. (2006) and Other Sources 

Species Range of Means (2 SEM)(a) Range or Single Values Study 
Aluminum 

Canada goose 2.4 (0.74)–11.4 (12.3) 1.29–54.2 This study (data summarized 
from Appendix A). 

Snow goose  <3.35 Hui et al. (1998) 
Arsenic 

Canada goose 0.15 (0.054)–0.37 (0.332) 0.07(b)–0.746 This study (data summarized 
from Appendix A). 

Canvasback 0.25  Miles and Ohlendorf (1993) 
Greater scaup 2.78 ♂; 2.60 ♀  Barclay et al. (1995) 
Greater scaup 0.29–2.17  Cohen et al. (2000) 
Redhead 0.59 (<0.30–2.70) Michot et al. (1994) 
Snow goose  <0.17  

Cadmium 

Canada goose 2.15 (2.07)–8.99 (13.2) 0.22–15.6 This study (data summarized 
from Appendix A). 

Black duck 

1.16 <0.10–11.75 DiGiulio and Scanlon (1984) 

 0.254–0.385 (wet wt) 
[0.76–1.16 dry wt] Gochfeld and Burger (1982) 

0.518 wet wt [1.56 dry wt]  Burger and Gochfeld (1985) 
0.333 wet wt [1.00 dry wt] ♀ 
0.565 wet wt [1.70 dry wt] ♂  Gochfeld and Burger (1982) 

Canvasback 

0.59  White et al. (1979) 
3.1  DiGiulio and Scanlon (1984) 

0.43–0.66  Custer and Hohman (1994) 
0.56  Miles and Ohlendorf (1993) 

Greater scaup 

 < Det.–2.0 wet wt 
[< Det.–6.0 dry wt] Baker et al. (1976) 

 0.10–3.16 DiGiulio and Scanlon (1984) 
0.95 wet wt [2.85 dry wt]  Burger and Gochfeld (1985) 

2.91  Barclay and Zingo (1993) 
3 (Geo); 4 (Geo)(c) 1–17 R; 1–7 C(d) Hoffman et al. (1998) 

1.68 ♂; 4.24 ♀  Barclay et al. (1995) 
0.65–3.07  Cohen et al. (2000) 

Redhead 0.91 <0.80–5.41 Michot et al. (1994) 
Snow goose 1.9 (1.00 SD(b))–2.3 (1.02 SD)  Hui et al. (1998) 

Chromium 

Canada goose 0.18 (0.008)–0.48 (0.24) 0.16–0.60 This study (data summarized 
from Appendix A). 

Black duck 
2.05 wet wt [6.05 dry wt]  Burger and Gochfeld (1985) 

2.048 wet wt [6.14 dry wt] ♀ 
2.053 wet wt [6.16 dry wt] ♂  Gochfeld and Burger (1987) 

Canvasback 0.02 wet wt [0.06 dry wt]  White et al. (1979) 
< Det.  Miles and Ohlendorf (1993) 

Greater scaup 0.58 wet wt [1.76 dry wt]  Burger and Gochfeld (1985) 

 
1.02  Barclay and Zingo (1993) 

1.68 ♂; 1.70 ♀  Barclay et al. (1995) 
0.65–3.07  Cohen et al. (2000) 

Snow goose 1.03 (0.51 SD)–1.3 (0.42)  Hui et al. (1998) 
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Table B.1.  (contd) 

Species Range of Means (2 SEM)(a) Range or Single Values Study 
Copper 

Canada goose 19.6 (4.4)–59.5 (19.8) 13.2–125 This study (data summarized 
from Appendix A). 

Black duck 

34.9 1.5–235.4 DiGiulio and Scanlon (1984) 
8.51 wet wt [25.5 dry wt]  Burger and Gochfeld (1985) 

5.72 wet wt [17.1 dry wt] ♀ 
10.6 wet wt [31.8 dry wt] ♂  Gochfeld and Burger (1987) 

Canvasback 

0.59 wet wt [1.77 dry wt]  White et al. (1979) 
113.7  DiGiulio and Scanlon (1984) 

85–187  Custer and Hohman (1994) 
99.1  Miles and Ohlendorf (1993) 

Greater scaup 

17.2 wet wt [51.6 dry wt] (P)(c) 
19.6 wet wt [58.8 dry wt] (R)  Vermeer and Peakall (1979) 

 6.90–117 DiGiulio and Scanlon (1984) 
48.1 wet wt [144 dry wt]  Burger and Gochfeld (1985) 

96.8 28.0–159 Ohlendorf et al. (1986) 
101 (Geo Bay)(d) 

88.6 (Geo Coastal)  Hothem et al. (1998) 
73.1 ♂; 50.9 ♀  Barclay et al. (1995) 

21.3–82.1  Cohen et al. (2000) 
Redhead 153 (8–1030) Michot et al. (1994) 
Snow goose 46.7–78 19.5–626 Hui et al. (1998) 

Mercury 

Canada goose 0.021 (0.002)–0.071 (0.032) 0.019–0.157 This study (data summarized 
from Appendix A). 

Black duck 

 0.03–0.284 Baker et al. (1976) 
0.525 wet wt [1.58 dry wt]  Burger and Gochfeld (1985) 

0.588 wet wt [1.76 dry wt] ♀ 
0.478 wet wt [1.43 dry wt] ♂  Gochfeld and Burger (1987) 

Redhead 0.06 0.02–1.53 Michot et al. (1994) 

Canvasback 

0.24 wet wt [0.72 dry wt]  White et al. (1979) 
0.047  Baker et al. (1976) 

0.18–3.2  Custer and Hohman (1994) 
3.09  Miles and Ohlendorf (1993) 

Greater scaup 

 1.9–9.9 Dale et al. (1973) 

 < Det.–0.02 wet wt 
[< Det.–0.06 dry wt] Baker et al. (1976) 

0.25 wet wt [0.75 dry wt] (P)(b) 
0.26 wet wt [0.78 dry wt] (R)  Vermeer and Peakall (1979) 

0.74  Burger and Gochfeld (1985) 
10.6 2.30–20.0 Ohlendorf et al. (1986) 

2.37 (Geo Bay)(c) 
4.24 (Geo Coastal)  Hothem et al. (1998) 
19 (R); 6 (Geo C)(d) 5–66 (R); 3–11 (C)(d) Hoffman et al. (1998) 

2.18 ♂; 2.43 ♀  Barclay et al. (1995) 
0.87–3.80  Cohen et al. (2000) 

 



 

B.4 

Table B.1.  (contd) 

Species Range of Means (2 SEM)(a) Range or Single Values Study 
Manganese 

Canada goose 8.69 (0.93)–12.1 (2.3) 6.3–17.3 This study (data summarized 
from Appendix A). 

Black duck 

1.85 wet wt [5.55 dry wt]  Burger and Gochfeld (1985) 
1.27 wet wt [3.81 dry wt] ♀ 
2.28 wet wt [6.84 dry wt] ♂  Gochfeld and Burger (1987) 

11.7–12.4  Custer and Hohman (1994) 
Greater scaup 4.30 wet wt [12.9 dry wt]  Burger and Gochfeld (1985) 
Redhead 7.27 3.88–11.50 Michot et al. (1994) 
Snow goose 9.9 (2.5 SD)–10.3 (2.8 SD)(e)  Hui et al. (1998) 

Lead 

Canada goose 0.047 (0.028)–0.26 (0.27) 0.03(b)–0.743 This study (data summarized 
from Appendix A). 

Black duck 

 < Det.–6.96 Baker et al. (1976) 
12.4 (< 0.5–302.4) <0.5–302.4 DiGiulio and Scanlon (1984) 

36.8 (lead shot in gizzard) 
11.4 (no lead shot in gizzard)  Scanlon et al. (1980) 

0.601 wet wt [1.80 dry wt]  Burger and Gochfeld (1985) 
0.467 wet wt [1.40 dry wt] ♀ 
0.703 wet wt [2.11 dry wt] ♂  Gochfeld and Burger (1987) 

Includes mallards  <1–21 Calle et al. (1982) 

Canvasback 

0.5 wet wt [1.5 dry wt]  Bagley and Locke (1967) 
0.25 wet wt [0.75 dry wt] (1973) 
0.14 wet wt [0.42 dry wt] (1975) 
0.19 [0.57 dry wt] wet wt (1976) 

 
White et al. (1979) 

12.6 wet wt [37.8 dry wt]  Baker et al. (1976) 
3.8  DiGiulio and Scanlon (1984) 

0.19–10.9 ♀; 5.5–47.2 ♂ 
0.15–0.32 ♀; 0.23–1.1 ♂  

Custer and Hohman (1994) 
Values represent separated study 
groups. 

0.43  Miles and Ohlendorf (1993) 

Greater scaup 

 < Det.–10.0 wet wt 
[< Det.–30 dry wt] Baker et al. (1976) 

1.33 wet wt [4.0 dry wt] (P)(c) 
0.35 wet wt [1.05 dry wt] (R)  Vermeer and Peakall (1979) 

 5.20–21.5 DiGiulio and Scanlon (1984) 
 1.5 (lead shot in gizzard) Scanlon et al. (1980) 

0.49 wet wt [1.47 dry wt]  Burger and Gochfeld (1985) 
0.71 0.34–3.10 Ohlendorf et al. (1986) 
0.81  Barclay and Zingo (1993) 

1.75 ♂; 1.60 ♀  Barclay et al. (1995) 
0.56–1.92  Cohen et al. (2000) 

Snow goose 0.77 (0.39 SD)–50.2 (185 SD)(d)  Hui et al. (1998) 
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Table B.1.  (contd) 

Species Range of Means (2 SEM)(a) Range or Single Values Study 
Selenium 

Canada goose 2.1 (0.46)–5.0 (1.7) 1.25–7.45 This study (data summarized 
from Appendix A). 

Canvasback 3.6–4.0  Custer and Hohman (1994) 
13.2  Miles and Ohlendorf (1993) 

Greater scaup 

19.3 6.70–31.0 Ohlendorf et al. (1986) 
20.7 (Geo Bay)(b) 

7.01 (Geo Coastal)  Hothem et al. (1998) 
13 (Geo R)(c) 
67 (Geo C) 

7–23 (R)(c) 
21–140 (C) Hoffman et al. (1998) 

15.5 ♂; 14.4 ♀  Barclay et al. (1995) 
3.38–23.4  Cohen et al. (2000) 

Redhead 3.19 (1.56–5.85) Michot et al. (1994) 
Snow goose 4.4 (1.0 SD)–4.2 (0.84 SD)(d)  Hui et al. (1998) 

Thallium 

Canada goose 0.005 (0.002)–0.057 (0.010) 0.004(e)–0.099 This study (data summarized 
from Appendix A). 

Zinc 

Canada goose 135 (13.8)–223 (135) 107–290 This study (data summarized 
from Appendix A). 

Black duck 

136 29–495 DiGiulio and Scanlon (1984) 
40.5 wet wt [121.5 dry wt]  Burger and Gochfeld (1985) 

17.96 wet wt [53.9 dry wt] ♀ 
50.0 wet wt [150 dry wt] ♂  Gochfeld and Burger (1987) 

Canvasback 

41 wet wt [123 dry wt]  White et al. (1979) 
170  DiGiulio and Scanlon (1984) 

128–137  Custer and Hohman (1994) 
160  Miles and Ohlendorf (1993) 

Greater scaup 

41.6 wet wt [125 dry wt] (P)(f) 
40.2 wet wt [121 dry wt] (R)  Vermeer and Peakall (1979) 

 42.0–176 DiGiulio and Scanlon (1984) 
59.8 wet wt [179 dry wt]  Burger and Gochfeld (1985) 

151 100–200 Ohlendorf et al. (1986) 
158 (Geo Bay)(b) 

171 (Geo Coastal)  Hothem et al. (1998) 
180 ♂; 150 ♀  Barclay et al. (1995) 

57.9–167  Cohen et al. (2000) 
Redhead 122 (68–337) Michot et al. (1994) 
Snow goose 89.2–133 55.6–413.8 Hui et al. (1998) 
(a) 2 SEM = 2 standard errors of the mean. 
(b) Geo = geometric mean. 
(c) R = reference area; C = contaminated area. 
(d) SD = standard deviation. 
(e) Value shown is the analytical lower limit of detection. 
(f) P = polluted area; R = reference area. 
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Table B.2. Summary of Feeding Studies with Waterfowl Indicating Liver Concentrations of Metals and 
Associated Effects on the Birds 

Species 

Liver (µg/g, wet wt.) 
Dry wt. in [brackets] 

Effects Study Comments Reference Control Test 
Cadmium 

Black duck 0.6 
[1.8] 

10.5 
[31.5] 

 

Locomotion increased when 
ducks were on diet; no effect 
on body mass. 

Dietary exposure 4 µg/g 
cadmium in diet, 2-year 
study with two feeding 
periods. 

Silver and 
Nudds (1995) 

0.6 
[1.8] 

33 
[99] 

 

Locomotion increased when 
ducks were on diet; no effect 
on body mass. 

Dietary exposure 4 µg/g 
cadmium in diet, 2-year 
study with two feeding 
periods. 

Lead 
Mute swan 0.45 

[1.35] 
0.48 

[1.44] 
 

Increase in blood lead, 
decrease in ALAD.(b) 

Six-week feeding study 
with reference contaminated 
sediment at 24% of food 

Day et al. 
(2003) 

0.45 
[1.35] 

4.5 
[13.5] 

Increase in brain, liver, and 
blood lead, decrease in ALAD, 
increase in protoporphyrin. 

Six-week feeding study 
with lead contaminated 
sediment at 12%. 

0.45 
[1.35] 

11.4 
[34.2] 

 

Increase in brain, liver, and 
blood lead, decrease in ALAD, 
hematocrit, hemoglobin, 
increase in protoporphyrin.  
Indication of cellular effects in 
kidney. 

Six-week feeding study 
with lead contaminated 
sediment at 24%. 

Zinc 
Mute swan 87 

[261] 
138 

[416] 
 

Mean; slight increase in liver 
zinc. 

Same study above; zinc also 
highly elevated in sediment. 

Day et al. 
(2003) 

Mercury 
Snowy 
egret 

0.48 
[1.44] 

1.17 
[3.51] 

 

Mean; no effect on glutathione 
of metallothionine; stable 
isotope analysis of N indicates 
muscle catabolism. 

Sixty-day feeding study of 
juvenile birds; mercury 
present in contaminated and 
noncomtaminated bass 
flesh. 

Shaw-Allen et 
al. (2005) 

Mallard 0.02 
[0.06] 

65 
[195] 

 

Mean; altered (±) activity of 
four liver enzymes or liver 
constituent; hematocrit, 
hemoglobin and blood 
phosphorus levels reduced. 

9.2 mg hg/kg diet, 10-week 
feeding study with 18-
month-old ducks. 

Hoffman and 
Heinz (1998) 
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Table B.2.  (contd) 

Species 

Liver (µg/g, wet wt.) 
Dry wt. in [brackets] 

Effects Study Comments Reference Control Test 
Selenium 

Mallard 0.6 
[1.8] 

10.8 
[32.4] 

 

Geometric mean; no effect on 
survival, histopathology, body 
weight, liver weight, spleen 
weight. 

15-mg Se/kg 
selenomethionine in diet; 4-
week feeding study. 

Hoffman et al. 
(1991) 

0.6 
[1.8] 

56.0 
[168] 

 

Geometric mean; 47% 
survival, 25% incidence of 
liver lesions; reduction in liver, 
spleen, body weight, and tarsal 
length. 

60-mg Se/kg 
selenomethionine in diet. 

Mallard 0.28 
[0.84] 

 
0.28 

[0.84] 
 
 

0.28 
[0.84 

11–12 
[33–36] 

 
6.2 

[18.6] 
Yeast 

 
11 

[33] 
Wheat 

 

Means; no difference in 
mortality between treatments 
and exposure groups; greatest 
accumulation of hepatic 
selenium in selenomethionine 
exposures compared to high-
selenium yeast and high-
selenium wheat diets; feeding 
rate and body weight reduced 
at 2 weeks in selenium-wheat 
group. 

Test 1; 15 mg Se/kg diet, 2-
week feeding study with 
three diets:  natural sources 
of selenium (wheat and 
yeast) and isomeric forms 
(L-, DL-) of 
selenomethionine—on 1-
day-old ducklings. 

Heinz et al. 
(1996) 

 Control Test    
Mallard 0.28 

[0.84] 
 

0.28 
[0.84] 

19–20 
[57–60] 

 
9.9 

[26.7] 
Yeast 

 

Mean; only seleno-L-
methionine group had 
significant mortality (74%); 
greatest accumulation of 
hepatic selenium in 
selenomethionine groups 
compared to yeast (no wheat 
exposure at 30-mg/kg diet); 
feeding rate reduced at 2 
weeks in all groups; body 
weight reduced at 2 weeks in 
selenomethionine groups. 

Test 1; 30-mg Se/kg diet, 2-
week feeding study with 
natural sources of selenium 
(wheat and yeast) and 
isomeric forms (L-, DL-) of 
selenomethionine on 1-day-
old ducklings. 

Heinz et al. 
(1996) 

0.60 
[1.8] 

 
0.60 
[1.8] 

25–27 
[75–81] 

 
13 

[39] 
Yeast 

 

Mean; increased accumulation 
of hepatic selenium in all 
treatments; reduced feeding 
rate and body weight at 2 
weeks. 

Test 2; 30-mg Se/kg diet, 2-
week feeding study with 
natural sources of selenium 
(yeast) and isomeric forms 
(L-, DL-) of 
selenomethionine on 1-day-
old ducklings. 

Mallard 1.05 
[1.15] 

11.5 
[34.5] 

 

Mean; altered (increased) 
activity of one liver enzyme; 
increased hepatic selenium; 
blood phosphorus levels 
reduced. 

8.8-mg Se/kg diet (Seleno-
D,L-methionine), 10-week 
feeding study with 18-
month-old ducks. 

Hoffman and 
Heinz (1998) 

(a) Dry weight concentrations calculated by multiplying wet weight values by 3.0; values plotted in Figure 4.7. 
(b) Aminolevulinic acid dehydrogenase, an enzyme involved in the biosynthesis of heme. 
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Validity of the comparisons to Canada geese depend on similarities in habitat and diet.  All species 
live and feed in or near fresh water.  The specific diets of the four species of ducks range from 
predominantly aquatic vegetation for the redhead and canvasback to aquatic invertebrates for the black 
duck and greater scaup.  In comparison, Canada geese and lesser snow geese are upland grazers and 
generally feed on terrestrial plants (i.e., grasses and forbs).  For some metals, comparisons were made to 
other published literature, but an extensive review of all technical literature was not attempted.  Hanford 
Site Canada geese are primarily non-migratory, but the banding studies demonstrated that Hanford Site 
birds do disperse to other areas in the western United States and Canada.  A portion of the Hanford Site 
goose population may consist of migratory birds that have moved to the Hanford Reach.  The level of 
exposure to metals in migratory geese before residing at the Hanford Site is unknown.  Sampling efforts, 
however, focused on birds that resided at the site for at least one nesting season by collecting them before 
fall migrants arrive on the site.  These comparisons provide information describing contaminant levels 
found in Hanford Reach geese with respect to other waterfowl sampled in North America. 

B.1.1 Aluminum 

Aluminum concentrations in goose livers were highly variable with the majority of concentrations 
ranging between 1.3 and 8.9 µg/g dry wt, with two distinctly elevated concentrations of 13.8 and 
54.2 µg/g dry wt (Appendix A).  Aluminum is not routinely reported in the tissues of waterfowl.  Data 
summarized by Rattner et al. (2006) had a reference for canvasback collected from San Francisco Bay; 
however, the values were listed as less than detection with no detection limit given.  Hui et al. (1998) also 
reported aluminum concentrations in snow goose livers below the level of detection of 3.35 µg/g dry wt.  
Consequently, it is not possible to make direct comparisons of Hanford Reach goose livers to other 
waterfowl, based on the detection limit for snow geese.  Hepatic aluminum concentrations in Hanford Site 
Canada geese likely met and exceeded those reported by Hui et al. (1998). 

B.1.2 Arsenic 

Arsenic concentrations in Canada goose livers ranged from below detection (0.07 to 0.2 µg/g dry wt 
depending on sample batch) to 0.75 µg/g dry wt.  There were no arsenic results for waterfowl in the 
ERED, so comparisons were made using concentrations reported in other waterfowl where arsenic 
concentrations ranged from 0.25 µg/g dry wt for canvasback collected from San Francisco Bay to a 
sample mean of 2.78 µg/g dry wt for male greater scaup collected from Long Island Sound (Rattner et al. 
2006).  Other studies in the New England area reported mean concentrations for greater scaup ranging 
from 0.29 to 2.17 µg/g dry wt.  Mean (range) concentrations of arsenic in redhead duck livers collected 
from Texas and Louisiana were 0.59 (<0.30–2.70) µg/g dry wt (Rattner et al. 2006).  Arsenic was not 
detected in the livers in lesser snow geese collected in California or Washington State (detection limit of 
0.17 µg/g dry wt; Hui et al. 1998).  Concentrations of arsenic in Hanford Reach Canada geese fell within 
the lower range of concentrations reported for other waterfowl. 

B.1.3 Cadmium 

Cadmium concentrations in Hanford Site Canada goose livers ranged from 0.22 to 15.6 µg/g dry wt.  
These concentrations are lower than liver concentrations known to be toxic in waterfowl (USACE/EPA 
2005).  When black ducks were fed a diet containing 4 µg/g cadmium with either 2% or 0.22% calcium in 
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the feed (Silver and Nudds 1995, summarized in USACE/EPA 2005), the corresponding liver concen-
trations were 33 and 135 µg/g dry wt.  At these levels, no effects were observed for growth and 
behavioral measurements including drinking, movement, resting behavior, and duration of inactivity.  
Additional information regarding the levels of cadmium and other contaminants in waterfowl and 
shorebirds can be found in Rattner et al. (2006).  Generally, liver concentrations of cadmium fell below 
7 µg/g dry wt in redhead and black duck samples.  However, maximum levels of 21 µg/g dry wt were 
observed in greater scaup collected from San Francisco Bay.  Mean (±1.0 SD) cadmium concentrations in 
lesser snow goose livers from geese that wintered in California were 1.9 (±1.0) µg/g dry wt, and 
2.3 (±1.02) µg/g dry wt for snow geese that wintered in the Skagit Valley, Washington (Hui et al. 1998).  
Hepatic cadmium concentrations in Hanford Site Canada geese generally met and exceeded concen-
trations reported for waterfowl collected elsewhere in the country. 

B.1.4 Chromium 

Chromium concentrations in Hanford Site Canada goose livers ranged from 0.16 to 0.60 µg/g dry wt.  
There were no chromium results available for waterfowl in the ERED; however, data for chromium 
concentrations in black duck, canvasback, and greater scaup were summarized by Rattner et al. (2006).  
Mean liver concentrations of chromium in black duck were 6.15 µg/g dry wt.  Liver concentrations in 
canvasback were reported as less than detection.  Concentrations of chromium in greater scaup ranged 
from 0.65 to 3.07 µg/g dry wt, with mean values of 1.68 and 1.70 for males and females, respectively.  
Mean (±1.0 SD) concentrations of hepatic chromium in snow goose livers for geese that wintered in 
California were 1.3 (±0.42) µg/g dry wt and 1.03 (±0.51) µg/g dry wt for snow geese that wintered in the 
Skagit Valley, Washington (Hui et al. 1998).  The distribution of chromium in Canada goose livers 
collected at the Hanford Site is similar to or lower than these reported levels. 

B.1.5 Copper 

Copper concentrations in Hanford Site Canada goose livers ranged from 13.2 to 125 µg/g dry wt.  No 
copper results were available for waterfowl in the ERED; however, Rattner et al. (2006) cited reports for 
copper in canvasback, greater scaup, and redhead duck.  Some studies of copper accumulation in 
waterfowl have shown that male birds maintain higher levels of copper in the liver than do females.  
Mean liver concentrations of copper in canvasback range from 99 to 187 µg/g dry wt.  The range of 
copper concentrations in black duck liver was 1.5 to 235 µg/g dry wt, and the mean values for 
three separate studies in black duck ranged from 25.5 to 34.9 µg/g dry wt.  Copper concentration in 
greater scaup livers ranged from 21 to 142 µg/g dry wt.  For redhead ducks collected in Texas and 
Louisiana, liver concentrations ranged from 8 to 1030 µg/g dry wt, with a mean of 153 µg/g dry wt.  The 
median (range) of copper in the livers of snow geese that wintered in California was 78 (24.5–626) µg/g 
dry wt, and 46.7 (19.5–87.4) µg/g dry wt for snow geese that wintered in the Skagit Valley, Washington 
(Hui et al. 1998).  The distribution of copper in Canada goose livers collected at the Hanford Site is 
similar to or lower than these reported levels. 

B.1.6 Lead 

Lead concentrations in Canada goose livers ranged from 0.03 (detection limit) to 0.74 µg/g dry wt.  
Maximum levels of lead in goose liver were observed in birds collected from the 100 Areas (0.74 µg/g 
dry wt).  An analysis of variance indicated that lead levels were significantly higher for geese collected 
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onsite (Table 4.3).  Lead poisoning affects the formation of red blood cells (porphyria), and poisoning of 
waterfowl by the inadvertent ingestion of lead shot in dabbling waterfowl is a well-documented problem 
(Rattner et al. 2006).  The mean concentration of lead in the livers of black ducks that had consumed lead 
shot was 36.8 µg/g dry wt in comparison to a mean concentration of 11.4 µg/g dry wt in specimens with 
no lead shot in their gizzards.  Other measurements suggest a background level of 1.4 to 2.1 µg/g dry wt 
lead in the liver of black ducks.  Similar concentrations have been documented for canvasback and greater 
scaup.  Mean (±1.0 SD) concentrations of hepatic lead in snow geese that wintered in California were 
50.2 (±185) µg/g dry wt; mean concentrations were 0.77 (±0.39) µg/g dry wt for snow geese that wintered 
in the Skagit Valley, Washington (Hui et al. 1998).  The California samples had two occurrences that 
were very high:  greater than 16 and greater than 600 µg/g dry wt.  The distribution of lead in Canada 
goose livers collected at the Hanford Site is similar to or lower than these reported levels. 

Calle et al. (1982) cited in Rattner et al. (2006) indicated that hepatic levels of lead at 6 µg/g wet wt 
(18 µg/g dry wt) are associated with toxicity.  Effects associated with lead poisoning in waterfowl as 
summarized in the ERED indicated measurable physiological and biochemical effects associated with 
concentrations of lead in liver ranging from 4.5 to 114 µg/g dry wt (USACE/EPA 2005).  Effects included 
increased protoporphyrin, decreased enzyme activity, reduced hemoglobin, and suppressed growth.  Most 
of these studies involved adding lead-contaminated sediment to the diet.  Concentrations of hepatic lead 
in Canada geese collected at the Hanford Site are well below toxic benchmarks. 

B.1.7 Manganese 

Manganese concentrations in Canada goose livers from the Hanford Site ranged from 6.3 to 17.3 µg/g 
dry wt.  The mean concentration of manganese in black duck collected from Raritan Bay was 5.54 µg/g 
dry wt (estimated from reported wet weight concentrations by a factor of 3).  Black duck collected from 
Raritan Bay demonstrated a gender bias, with mean male liver concentrations of manganese (6.57 µg/g 
dry wt converted from wet weight) exceeding concentrations in the livers of females (3.80 µg/g dry wt 
converted from wet weight).  Mean manganese concentrations in the livers of canvasback were 11.7 and 
12.4 µg/g dry wt for two locations on the Gulf Coast by the Mississippi River delta.  Mean liver 
concentrations in redhead were 7.27 µg/g dry wt, with a range of 3.88 to 11.5 µg/g dry wt.  The mean 
(±1.0 SD) concentration of manganese in snow goose livers that wintered in California was 
10.3 (±2.78) µg/g dry wt and 9.9 (±2.47) µg/g dry wt for snow geese that wintered in the Skagit Valley, 
Washington (Hui et al. 1998).  Maximum manganese values in Hanford Site Canada goose livers 
generally exceed the values summarized by Rattner et al. (2006) for waterfowl.   

B.1.8 Mercury 

Mercury concentrations in Hanford Site Canada goose livers ranged from 0.019 to 0.157 µg/g dry wt.  
Maximum concentrations of mercury were observed in livers from Canada geese collected from the 
100 Areas.  Data listed in the ERED suggest that the liver concentrations in snowy egret of 8.5 µg/g 
dry wt were associated with no effect levels for the induction of metallothionine and glutathione 
(USACE/EPA 2005).  Liver concentrations in the range of 2.4 to 9.2 µg/g dry wt were associated with 
mortality in brown pelicans, gulls, and cormorants.  Rattner et al. (2006) provide a fairly comprehensive 
review of mercury data in waterfowl.  Mean mercury levels in black duck livers ranged from 1.43 to 
1.76 µg/g dry wt in birds collected from Raritan Bay, New Jersey.  Mean liver concentrations in 
canvasback were 0.18 and 0.32 µg/g dry wt collected from two locations in Louisiana, while canvasback 
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collected from San Francisco Bay had mean liver concentrations of 3.09 µg/g dry wt.  Mean liver 
concentrations in canvasback collected from Wisconsin and Iowa ranged from 0.09 to 0.36 µg/g dry wt 
(converted from wet weight).  Concentrations of mercury in greater scaup ranged from 1.8 to 66 µg/g 
dry wt depending on where the birds were collected, with the highest values associated with birds 
collected from San Francisco Bay.  Mercury concentrations in livers of greater scaup collected in the 
New England area ranged from 0.87 to 3.8 µg/g dry wt.  The concentration of mercury in redhead duck 
livers ranged from less than 0.02 to 1.53 µg/g dry wt for specimens collected from Texas and Louisiana.  
Mercury was not detected in the livers in snow geese collected in California or Washington State 
(detection limit of 0.34 µg/g dry wt; Hui et al. 1998).  The distribution of mercury in Canada goose livers 
collected at the Hanford Site is similar to or lower than these reported levels. 

The maximum concentration of mercury in Hanford Reach Canada geese kidney tissue was 
0.119 µg/g dry wt (Table A.1).  Mean mercury concentrations in greater scaup kidney tissue collected 
from Long Island Sound, New England, were 0.149 in males and 0.167 in females (Rattner et al. 2006).  
Other studies reported a range of mercury concentrations of 0.32 to 2.83 µg/g dry wt in New England 
greater scaup (Rattner et al. 2006).  There were no other kidney values for redhead, black duck, or 
canvasback in Rattner et al. (2006).  For the kidney samples analyzed from 2001, concentrations of 
mercury from Canada geese fell below levels reported for other waterfowl. 

B.1.9 Selenium 

Selenium concentrations in Canada goose livers ranged from 1.25 to 7.45 µg/g dry wt.  Selenium 
concentrations in Canada goose liver met some of the lower biochemical biomarker levels established for 
mallard ducks (USACE/EPA 2005).  These biomarkers are indicative of exposure but are not necessarily 
associated with specific adverse effects.  Selenium may reduce levels of glutathione and glutathione 
disulfide in duck liver at levels of 3.9 to 6 µg/g dry wt.  Decreased growth was reported in mallard ducks 
where liver concentrations of selenium was 9 µg/g dry wt; immune function was depressed at 15 µg/g 
dry wt, and dead or deformed embryos were reported when liver concentrations reach 17.2 µg/g dry wt 
(USACE/EPA 2005).  Although selenium has toxic properties, it is also an essential micronutrient.  
Selenium is a component of glutathione peroxidases, which are primarily responsible for reducing 
peroxide-free radicals that include lipid-peroxide formation in cell membranes.  Consequently, the 
biochemical relationships of selenium in mallard duck liver and potential adverse effects are not clearly 
defined and are separated by a small increase in hepatic liver concentrations of selenium.  Concentrations 
of selenium have been summarized for canvasback, redhead, and greater scaup (Rattner et al. 2006), 
where observed concentrations in liver ranged from 6.7 to 140 µg/g dry wt liver.  The highest liver 
concentrations of selenium occurred in greater scaup collected from the San Francisco Bay area.  A 
concentration of about 21 µg/g dry wt was the upper bound of background concentrations and the lower 
bound for waterfowl collected from a contaminated site.  Mean (±1.0 SD) concentrations of selenium in 
the livers of snow geese that wintered in California were 4.4 (±1.00) µg/g dry wt and 4.2 (±0.84) µg/g 
dry wt for snow geese that wintered in the Skagit Valley, Washington (Hui et al. 1998).  The distribution 
of selenium in Canada goose livers collected at the Hanford Site is similar to or lower than these reported 
levels. 
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B.1.10 Thallium 

Thallium concentrations in goose liver ranged from less than detection (0.004 µg/g dry wt in 2005 
Priest Rapids area geese) to 0.099 µg/g dry wt.  None of the four main waterfowl species summarized by 
Rattner et al. (2006) had listings for thallium in any waterfowl organ or tissue, nor did Hui et al. (1998) 
report thallium concentrations for snow geese.  Consequently, there is no comparative basis for assessing 
thallium concentrations for other waterfowl. 

B.1.11 Zinc 

Zinc concentrations in Canada goose livers ranged from 107 to 290 µg/g dry wt.  Other studies of 
zinc accumulation in waterfowl have shown that male birds maintain higher levels of zinc in the liver than 
do females (Rattner et al. 2006).  Concentrations of zinc in black duck ranged from 29 to 495 µg/g dry wt 
in birds collected from Chesapeake Bay.  Black duck collected from Raritan Bay demonstrated a gender 
bias, with mean male liver concentrations of zinc (150 µg/g dry wt) exceeding concentrations in the livers 
of females (54 µg/g dry wt).  Mean zinc concentrations in the livers of canvasback were 128 and 137 µg/g 
dry wt for two locations on the Gulf Coast by the Mississippi River delta.  Mean liver concentrations of 
zinc in canvasback collected from San Francisco Bay were 160 µg/g dry wt.  Mean liver concentrations of 
zinc in greater scaup ranged from 151 to 174 µg/g dry wt and showed small variations based on season 
and location around San Francisco Bay.  A separate study cited by Rattner et al. (2006) along the 
California coast demonstrated a range of zinc concentrations in greater scaup liver from 133 to 193 µg/g 
dry wt.  The mean concentrations ranged from 134 to 181 µg/g dry wt and varied based on age and sex of 
the birds.  Mean zinc concentrations in greater scaup collected from the New England area ranged from 
57.9 to 180 µg/g dry wt and also demonstrated a sexual bias for higher levels in male birds.  Mean zinc 
concentrations in redhead were 122 µg/g dry wt and ranged from 68 to 337 µg/g dry wt.  The median 
(range) concentrations of hepatic zinc in lesser snow geese that wintered in California were  
89.2 (55.6–414) µg/g dry wt and 133 (77.5–408) µg/g dry wt for snow geese that wintered in the Skagit 
Valley, Washington (Hui et al. 1998). 

B.2 Group II Metals 

Group II metals were those metals whose concentrations in liver were frequently less than detection 
or were only intermittently reported.  The concentrations of antimony, beryllium, and nickel were below 
detection in more than 60% of the goose liver samples collected in 2003 and 2005 (Appendix A).  For 
silver, thorium, and uranium, the laboratory achieved detection limit (LADL) in 2005 was significantly 
lower, and 2005 samples had measurable concentrations while those collected in 2003 principally did not.  
Barium was reported in only one of two sample batches in 2003.  Because of the variable nature of 
measured values, comparisons between years and sampling locations are difficult for most cases.  
Descriptive statistics are summarized in Table A.3, Appendix A. 

A survey of redhead, greater scaup, black duck, and canvasback files in Rattner et al. (2006) indicated 
no data for antimony, beryllium, barium, thorium, or uranium.  Hui et al. (1998) had analyzed liver 
samples for beryllium, barium, and nickel, but the results were less than detection (0.07, 0.67, and 
0.40 µg/g dry wt, respectively).  Rattner et al. (2006) summarized some information on nickel and silver. 
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B.2.1 Nickel 

Most of the liver samples from Canada geese collected on the Hanford Site were below detection 
(0.45 µg/g dry wt) for nickel; however, the maximum concentration was observed at 0.26 µg/g dry wt.  
Nickel results were summarized for black duck, greater scaup, and canvasback by Rattner et al. (2006).  
Black ducks collected on the Raritan Bay in New Jersey had a mean hepatic concentration of 4.6 µg/g 
dry wt in liver.  In a subsequent study, no statistical difference was reported for males (5.8 µg/g dry wt) 
compared to females (3.1 µg/g dry wt).  Mean liver concentration in greater scaup collected from Raritan 
Bay in the early 1980s was 3.6 µg/g dry wt.  When segregated by sex, the mean liver concentrations in 
males were lower than females, 2.7 to 5.8 µg/g dry wt, respectively.  Nickel was detected in less than half 
of 18 greater scaup collected from San Francisco Bay in 1982 and was below detection in all canvasback 
collected in 1988.  Mean liver concentrations of nickel in greater scaup collected from Long Island Sound 
were 15.4 µg/g dry wt.  Subsequent sampling indicated no difference in mean hepatic concentrations of 
nickel in females compared to males (1.35 and 1.34 µg/g dry wt, respectively).  Canvasback livers 
collected in 1976 from Iowa were grouped by sex and age; converted mean dry weight concentrations 
(approximately 0.06 µg/g) for adult males (N = 5), adult females (N = 5), and immature males (N = 5); 
concentrations were less than 0.06 µg/g for immature females (N = 5).  Overall, concentrations of nickel 
in Canada goose livers collected on the Hanford Site were similar to or lower than concentrations reported 
for other waterfowl sampled in the United States. 

B.2.2 Silver 

Concentrations of silver in Canada goose livers were generally below detection in 2003, but improve-
ments to the analysis resulted in all 2005 sample results exceeding the detection limit of 0.003 µg/g 
dry wt.  The maximum concentration was 0.085 µg/g dry wt.  Rattner et al. (2006) reported silver in 
greater scaup livers collected in San Francisco Bay at a geometric mean concentration of 1.10 µg/g dry wt 
(range of 0.39 to 3.1). 
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