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Abstract Because mercury contamination is potentially

threatening to bald eagle (Haliaeetus leucocephalus) pop-

ulations, we collected molted feathers at nests to determine

the level of contamination in bald eagles in the state of

Idaho, USA. Eagle feathers contained measurable amounts

of cadmium (Cd), chromium (Cr), selenium (Se), lead (Pb),

as well as mercury (Hg). Cadmium, Cr, Se, and Pb levels

averaged 0.17, 4.68, 2.02, and 1.29 mg/kg dry weight,

respectively, and were at or below concentrations indicated

as causing reproductive failure in bald eagles. Mercury

contamination was found to be the highest averaging

18.74 mg/kg dry weight. Although a concentration of only

7.5 mg/kg dry weight Hg in bird feathers can cause

reduced productivity and even sterility, all of the eagles we

sampled bred successfully and the population of bald

eagles continues to grow annually throughout the state.
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Heavy metal contamination, particularly that of mercury

(Hg), is a concern for populations of bald eagles (Haliaeetus

leucocephalus) across North America. High levels of Hg

which can potentially cause reproductive impairment have

been recorded in bald eagles in Florida, South Carolina, the

Great Lakes Region, Montana, and Oregon (Bowerman

et al. 1994; Harmata 1993; Wood et al. 1996; Anthony et al.

1999; Jagoe et al. 2002). Despite the widespread occurrence

of Hg contamination, bald eagle populations have increased

dramatically across the US since DDT was banned in the

early 1970s. Most breeding populations of bald eagles have

recovered and, having met recovery goals set for the spe-

cies, it was delisted from the Endangered Species List in

2007. Over the past 20 years, the bald eagle population in

the state of Idaho has increased to a high of 170 breeding

pairs in river drainages throughout the state including the

North and South Forks of the Snake River, the Boise River

system, the Payette River drainage especially near Lake

Cascade, the Salmon River system, and the Coeur d’Alene

River drainage including the Kootenai Valley. Of these, 107

pairs produced a total of 179 young in 2005 or an average of

1.15 fledglings/breeding pair. Herein, we report the results

of a study conducted to determine the heavy metal con-

tamination in bald eagles throughout the state of Idaho and

we compare them to contaminant levels in bald eagles in

other areas of the US and Canada.

Materials and Methods

Feather collections at the bases of nest trees are relatively

noninvasive and minimize the potential for adverse effects

caused by disturbance of nesting eagles. Also, eagle feath-

ers have been routinely analyzed for heavy metal residues

throughout the US for more than 20 years (Bowerman et al.

1994; Wood et al. 1996) so they provide a reliable means of

comparing heavy metal contamination in bald eagles across

North America. We collected feather samples at 23 bald

eagle nesting territories in the Snake, Boise, Payette, Sal-

mon, and Coeur d’Alene River drainages in 2004 and 2006.

Adult feathers were collected at four nesting territories in

each river drainage except the Snake River where, due to its

large size, we collected feathers at four nests in the upper
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segment of the river above Pallisades Reservoir and in the

lower segment of the river in Hells Canyon. We collected

molted adult feathers under each nest tree at all sampling

sites except for the Salmon River drainage where we also

collected feathers from a nestling eagle which had recently

died. Feathers were collected opportunistically by con-

ducting 1-m visual sweeps of the ground within 20–30 m of

each nest tree during the nestling and post-fledging periods.

Feathers were placed in new zip-lock plastic bags contain-

ing silica gel to retard bacterial growth. Because adult

feathers collected at each bald eagle nesting territory could

have originated from either the male or female of the pair,

we pooled all adult feathers collected at each nesting ter-

ritory for the heavy metal analysis. Feathers were homog-

enized at cryogenic temperatures (Spex 6800 mill) and then

digested with nitric and hydrochloric acids and hydrogen

peroxide in a block digester (CPI ModBlock, Brookens

et al. 2008). Heavy metal analysis was performed using

inductively coupled plasma-optical emission spectroscopy,

inductively coupled plasma-mass spectroscopy, and cold

vapor atomic absorption spectroscopy (Wylie et al. 2009).

Detection limits were 0.02 mg/kg for Cd, 0.2 mg/kg for Cr,

0.035 mg/kg for Se, 0.01 mg/kg Pb, and 0.005 mg/kg Hg.

Digestion batches included the following quality control

samples: method blanks, reference materials, duplicate

samples, fortified blanks, and fortified samples. For fortified

samples, an aliquot of homogenized sample was carried

through the digestion and analytical procedures after having

been spiked with known amounts of analyte. Recovery of

the spike, along with similar calculations for spiked blanks

and unspiked reference materials were used to evaluate

accuracy. Precision was evaluated from sample-duplicate

pairs using the relative percent difference (range divided by

the average). All heavy metal concentrations are expressed

as mg/kg dry weight.

Results and Discussion

All of the feathers we collected contained measurable

amounts of five heavy metals, Cd, Cr, Hg, Pb, and Se, which

have been routinely monitored in adult bald eagles in the US

and Canada (Table 1). Levels of Cd averaged 0.17 mg/kg

and were lowest in central Idaho in the Salmon

River drainage (mean = 0.08 ± 0.07, ± SD, range =

0.03–0.19 mg/kg) and highest in northern Idaho in the Coeur

d’Alene River drainage (mean = 0.37 ± 0.336, range =

0.10–0.86 mg/kg). Chromium levels were lowest in northern

Idaho (mean = 0.73 ± 0.57, range = 0.33–1.56 mg/kg)

and highest in southeastern Idaho (mean = 10.52 ± 5.59,

range 2.56–15.6 mg/kg). Selenium levels were lowest in the

Coeur d’Alene River drainage (mean = 1.46 ± 0.26,

range = 1.21–1.81 mg/kg) and highest in the upper portion

of the Snake River drainage (mean = 3.47 ± 1.43,

range = 2.08–5.32 mg/kg) and Pb levels were lowest in

the Boise River drainage (mean = 0.66 ± 0.29, range =

0.50–1.10 mg/kg) and highest in the upper portion of the

Snake River drainage (mean = 2.05 ± 0.53, range = 1.47–

2.53 mg/kg). Mercury contamination was consistently the

highest of all the heavy metals tested, ranging between

3.7 and 37.4 mg/kg (mean = 18.74 ± 9.61 mg/kg). Bald

eagles in the Salmon River drainage had the lowest levels

ranging between 3.7 and 20.1 mg/kg (mean = 9.78 ±

6.19 mg/kg) and eagles in the lower portion of the Snake

River drainage had the highest levels ranging from 34.4 to

37.4 mg/kg (mean = 36.07 ± 1.53 mg/kg).

The levels of Cd, Cr, and Se we recorded were similar to

levels recorded in bald eagles in Alaska (Stout and Trust

2002) and Montana (Harmata 1993), but below the levels

which have been indicated as causing toxic effects on eagles

(Eisler 1985a, b, 1986). Bald eagle feathers averaged

1.27 mg/kg Pb with levels exceeding 1 mg/kg in the Coeur

d’Alene River and Snake River drainages. Harmata (1993)

found lower levels of Pb contamination (range = 0.05–

0.39 mg/kg) in bald eagles in Montana and California.

Redig et al. (1983) suggested that contamination levels

ranging from 0.20 to 1.00 mg/kg are evidence of toxic,

chronic, sublethal exposure to Pb in eagles and the US

Fish and Wildlife Service has established a level of

C0.50 mg/kg in eagle blood as indicative of toxic but

sublethal exposure to Pb. Despite the relatively high level of

Pb contamination in Idaho, the bald eagle population con-

tinues to reproduce normally and the population is

expanding annually throughout the state. Nevertheless, it is

concerning that Pb continues to contaminate eagles. The

effect of this level of exposure on the status of the state’s

bald eagle population remains unclear but warrants con-

tinued monitoring.

The toxicity of Hg in wildlife has long been known and

levels as low as 5.0 mg/kg can cause neuropathologies that

result in changes in behavior and reproductive impairment

(Eisler 1987). The level of Hg contamination we recorded

in eagle feathers was nearly four times that at which there

should be concern about the health of the population.

Eagles in southwestern Idaho had the highest levels of Hg

contamination averaging 23.60 mg/kg with eagles in the

lower portion of the Snake River in Hells Canyon showing

the highest level of contamination at 36.07 mg/kg. Thomas

and Burch (2005) conducted a similar analysis of heavy

metals in adult bald eagle feathers in the Boise River

drainage at Lake Lowell and also detected elevated levels

of Hg contamination with an average of 21 mg/kg

(range = 11–33 mg/kg). Their study also found elevated

levels of Hg and Se in Great Blue Herons (Ardea herodius)

and Western/Clark’s Grebes (Aechmophorus occidentalis

and A. clarkii) as well as in fish such as bass (Micropterus
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spp.), invertebrates, and bullfrogs (Rana catesbiana) indi-

cating that Hg pollution occurs extensively within the food

chain at Lake Lowell. Overall, our findings indicate that Hg

pollution occurs throughout the southwestern portion of

Idaho.

The level of Hg contamination we detected was high but

typical of bald eagles across North America (Wiemeyer

et al. 1989). Of bald eagle tissues sampled in North America,

eggs have been reported to contain the lowest levels of Hg

contamination ranging from 0.05 to 0.11 mg/kg in Alaska

and British Columbia (Table 2). Blood samples taken from

nestlings in Oregon, Washington, Montana, Florida, and

South Carolina were reported to contain higher levels

ranging from 0.21 to 1.20 mg/kg Hg whereas Hg levels in

subadult and adult blood samples were even higher ranging

from 1.50 to 3.07 mg/kg. Feathers typically contain the

highest levels of Hg with adult feathers having the highest

levels of contamination. Concentrations in adult feathers

Table 1 Concentrations (mg/kg dry weight) of heavy metal contaminants in bald eagle feathers collected in 2004 and 2006 at nest sites in river

drainages throughout the state of Idaho

Sampling locations Element

Cadmium Chromium Selenium Lead Mercury

Coeur d’Alene river

Anderson lake 0.86 0.39 1.81 1.80 16.5

Killarney lake 0.10 0.33 1.47 3.49 14.7

Windy bay 0.35 1.56 1.21 1.84 13.4

Turner bay 0.17 0.64 1.33 0.99 14.7

Mean 0.37 ± 0.34 0.73 ± 0.57 1.46 ± 0.26 2.03 ± 1.05 14.83 ± 1.27

Salmon river

Carmen (adult) 0.19 10.80 2.18 1.96 20.1

Carmen (nestling) 0.03 0.45 2.27 0.50 7.5

Allison creek 0.07 1.19 1.96 0.73 9.9

Morgan creek 0.08 0.95 0.98 1.06 3.7

Struggle gulch 0.03 1.33 2.05 0.50 7.7

Mean 0.08 ± 0.07 2.94 ± 4.40 1.89 ± 0.52 0.95 ± 0.61 9.78 ± 6.19

Boise river

Barber pools 0.24 0.93 1.54 1.10 19.1

Fairview creek 0.05 12.70 1.63 0.50 18.2

South fork arrowrock 0.20 0.81 1.49 0.55 26.8

Arrowrock 0.03 2.28 1.25 0.50 12.9

Mean 0.13 ± 0.11 4.18 ± 5.72 1.48 ± 0.16 0.66 ± 0.29 19.25 ± 5.73

Payette river

Paddy flat 0.04 9.48 1.18 3.58 5.67

Cabarton 0.02 2.62 1.27 0.20 31.3

Sugarloaf 0.02 2.55 1.84 0.25 15.2

Goldfork 0.03 4.22 1.63 0.25 22.8

Mean 0.03 ± 0.01 4.72 ± 3.27 1.48 ± 0.31 1.07 ± 1.67 18.74 ± 10.92

Upper snake river

Trout creek 0.18 11.5 2.67 1.47 27.4

Van point south 0.44 15.6 5.32 1.73 24.5

Van point north 0.35 2.56 3.81 2.53 14.2

Hoffman east 0.40 12.40 2.08 2.46 15.3

Mean 0.34 ± 0.11 10.52 ± 5.59 3.47 ± 1.43 2.05 ± 0.53 20.35 ± 6.59

Lower snake river

Airport 0.05 5.15 2.25 0.41 37.4

Cottonwood 0.04 4.28 2.21 0.48 34.4

Hibble gulch 0.05 1.77 2.30 1.62 36.4

Mean 0.47 ± 0.01 3.73 ± 1.76 2.25 ± 0.05 0.84 ± 0.68 36.07 ± 1.53
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have been detected 10 times higher than in nestling feathers.

The levels we detected were similar to levels of Hg

contamination in adult and nestling feathers detected in

Florida and the Great Lakes region which ranged from 6 to

19 mg/kg but they were lower than in South Carolina where

adult bald eagle feathers were found to contain levels

ranging from 36.1 to 45.9 mg/kg. This level of contamina-

tion does not appear to be causing reproductive impairment

in eagle populations across the country (Jagoe et al. 2002).

Interpretation of Hg concentrations in shed feathers must

be made with caution. Feathers are a route of excretion and

not target organs so the concentration of Hg may be affected

by the time to last molt, feather type, and the age of the bird.

Eisler (1987) has proposed a concentration of 7.5 mg/kg Hg

in bird feathers as a level of concern with concentrations

above this causing reduced productivity and even sterility.

Except for two samples from the Salmon and Payette River

drainages, all of the feathers we collected had levels of Hg

contamination that exceeded this accepted level of con-

cern. Nevertheless, all of the eagles we sampled appeared

to be healthy and breeding successfully. As is the case

of Pb contamination, the effect of Hg contamination on bald

eagles remains unclear. Despite its widespread occur-

rence as a contaminant, bald eagle populations continue to

reproduce normally and appear to be increasing throughout

North America. At present, it is unclear what effect mod-

erate exposure to Hg has on eagle health but its widespread

occurrence indicates that bald eagles should continue to be

monitored for this contaminant (Wiemeyer et al. 1989).

The high level of Hg contamination we found in bald

eagles in Idaho is cause for concern because it indicates

there is widespread Hg pollution throughout the state and

that Hg is pervasive in the state’s river ecosystems. The Hg

that is found in eagle feathers originates as methyl mercury

in their tissues and in their fish prey, indicating that Hg

contaminates fish populations in river drainages throughout

the state. This finding was supported by the results of the

one nestling whose feathers we sampled. With a level of

7.5 mg/kg Hg, this indicated it was ingesting mercury at its

nest site. Such high levels of Hg contamination may simply

be the result of a natural phenomenon associated with the

fact that Idaho is situated in a mercuriferous belt in the

western US and British Columbia where underlying rock

contains elevated Hg levels. Nevertheless, these elevated

levels could also be from anthropogenic sources. High

levels of Hg are often associated with Hg leaching from

hard rock mine tailings where Hg has been used as an

amalgam in gold mining. Active and inactive gold mines

are located throughout Idaho as well as the northern Rocky

Mountains and western Canada. Mercury can also become

elevated in aquatic ecosystems through atmospheric

transport of Hg from industrial sources such as pulp mills,

fossil-fuel burning power plants, smelters, and waste

incinerators (Fitzgerald et al. 1998). There is the possibility

that the high mercury levels recorded in the southwestern

portion of the state of Idaho are the result of downwind

contamination from gold mines in Nevada and a cement

factory in southeastern Oregon. The use of mercurials in

Table 2 Mean concentrations

of mercury contamination

(mg/kg) reported in bald eagles

in the US and Canada

a Wet weight, b dry weight

Location Tissue Mercury

contamination

Source

Alaska Eggs 0.05a Anthony et al. (1999)

British Columbia Eggs 0.11a Elliot et al. (1996)

Florida Nestling feathers 3.23a Wood et al. (1996)

Nestling blood 0.13a

Adult feathers 6.03a

Great lakes region Nestling feathers 9.55b Bowerman et al. (1994)

Adult feathers 19.4b

Idaho Adult feathers 21.0b Thomas and Burch (2005)

Montana Nestling blood 0.21a Harmata (1993)

Adult blood 2.16a

Oregon Nestling blood 1.20a Wiemeyer et al. (1989)

Subadult blood 3.00a

Adult blood 2.30a

South Carolina Nestling feathers 3.67b Jagoe et al. (2002)

Nestling down 2.43b

Nestling blood 0.08b

Adult feathers 45.9b

Adult down 36.1b

Washington Nestling blood 0.23a Wiemeyer et al. (1989)
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seed dressings, fungicides, and paints as well as the

industrial production of chlorine can also result in elevated

Hg levels, as can the construction of dams that can also

mobilize Hg in reservoirs leading to elevated Hg concen-

trations in fish and wildlife in these systems. High levels of

Hg associated with reservoirs could explain the high levels

of Hg found in southwestern Idaho. Eagles nesting on

reservoirs in southwestern portion of the state consistently

had the highest levels of contamination we found.
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