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ESTUDO RETROSPECTIVO DE INTOXICAGAO POR CHUMBO NO SANGUE EM
AGUIAS-DE-CABECA-BRANCA (Haliaeetus leucocephalus) EM VIRGINIA,
ESTADOS UNIDOS DA AMERICA, DE 2017 A 2021

Resumo

Devido a posi¢ao tréfica na cadeira alimentar e comportamento oportunista de
alimentagéo, a Aguia-de-cabeca-branca (Haliaeetus leucocephalus) tem predisposicdo a
bioacumular contaminantes presentes no ambientes e fontes de alimento. Logo, monitorizar
esta espécie permite obter informagdes relevantes acerca do ecossistema em que habita e
também de outros animais selvagens e seres humanos.

Apesar de que medidas terem sido implementas para reduzir a exposicéo ao chumbo,
a intoxicacdo por chumbo ainda é uma causa atual de mortalidade e morbilidade de animais
selvagens. Em 2980 cadaveres de Aguia-de-cabega-branca submetidos a diagndstico entre
1975 e 2013, a principal causa de morte foi intoxicagdo (25.6%), com a intoxicagéo por
chumbo correspondendo a 63.5% desta taxa de mortalidade. Mais estudos podem fornecer
informagbes importantes sobre este problema e identificar possiveis fontes e vias de
exposi¢ao ao chumbo.

Com o objetivo de avaliar a incidéncia de intoxicagao por chumbo no sangue e avaliar
possiveis associagdes entre as concentragdes de chumbo no sangue e fatores intrinsecos da
admissdo, um estudo retrospetivo foi realizado. Este estudo incluiu 191 Aguia-de-cabeca-
branca admitidas no Centro de Reabilitacdo de Animais Selvagens de Virginia entre 2017 e
2021 e avaliou os parametros: estagio de vida, peso, condigdo corporal, més e ano de
admisséo, circunstancia e municipio de resgate.

Com o objetivo de avaliar as associagdes entre dados da admissédo e concentragao
de chumbo no sangue, o teste qui-quadrado de Pearson foi aplicado e nos casos com
frequéncias esperadas <5, o teste exato de Fisher foi realizado. Para quantificar estas
associagoes, foram obtidas as respetivas Odds Ratios. Alem disso, a estimativa da tendéncia
de casos durante o periodo de estudo foi realizada com a regresséo linear.

Em conclusao, a intoxicagao por chumbo continua a ser uma ameaca relevante com
prevaléncia significativa na populagdo de Aguia-de-cabeca-branca de Virginia. Este estudo
destaca a necessidade de mais medidas de mitigagdo e esforgos de conservagao para
diminuir a exposicdo e disponibilidade do chumbo na vida selvagem e ambiente.
Adicionalmente, o conceito de One Health é realgado, uma vez que a contaminagao ambiental
por chumbo esta intimamente relacionada com atividades antropogénicas que causam efeitos

adversos na saude da vida selvagem e humana.

Palavras-chave: Haliaeetus leucocephalus, chumbo, intoxicagao, Virginia, Estados

Unidos da América



RETROSPECTIVE STUDY OF BLOOD LEAD POISONING IN BALD EAGLES
(Haliaeetus leucocephalus) IN VIRGINIA, UNITED STATES OF AMERICA, FROM
2017 TO 2021

Abstract

Due to its trophic position on the food chain and opportunistic feeding behavior, the
Bald Eagle (Haliaeetus leucocephalus) is prone to bioaccumulate contaminants present in the
environment and food sources. Hence, monitoring this species can provide valuable
information about the ecosystems it inhabits, as well as other wildlife and humans.

Although measures have been taken to reduce lead exposure, lead poisoning is still a
current cause of mortality and morbidity to wildlife. In 2,980 Bald Eagles carcasses submitted
for diagnosis between 1975 and 2013, the main cause of death was poisoning (25.6%), with
lead intoxication accounting for 63.5% of this mortality rate. Further research can provide
important insight into this issue and help identify the sources and pathways of lead exposure.

With the aim assessing the incidence of blood lead poisoning and evaluating possible
associations between blood lead concentrations and intrinsic factors on admission, a
retrospective study was carried out. This study included 191 Bald Eagles admitted to the
Wildlife Center of Virginia between 2017 and 2021 and evaluated the parameters: life stage,
weight, body condition score, the month and year of admission, circumstance and county of
rescue. In order to evaluate the associations between information at intake and blood lead
concentrations, a Person’s chi-square test was applied, while in cases with expected
frequencies <5, Fisher's exact test was performed. To quantify and evaluate these
associations, the respective Odd Ratios were obtained. Moreover, the estimation of the
caseload trend during the study period was performed by the linear regression model.

The study showed that life stage, the month of admission and the county of rescue had
a significant association with the outcome of blood lead concentrations (p < 0.05). Additionally,
in agreement with previous studies, adults and admissions in January showed to have higher
odds of having blood lead poisoning concentrations, whereas admission in June had lower
odds of this outcome.

In conclusion, lead poisoning remains a relevant threat with significant prevalence in
the Bald Eagle population of Virginia. This study highlights the need for more mitigation
measures and conservation efforts to decrease lead exposure and its availability to wildlife
and the environment. Moreover, it is emphasized the One Health concept, as environmental
contamination with lead is closely related to anthropogenic activities causing adverse effects

on both wildlife and human health.

Keywords: Haliaeetus leucocephalus, lead, poisoning, Virginia, United States of

America
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ESTUDO RETROSPECTIVO DE INTOXICAGAO POR CHUMBO NO SANGUE EM
AGUIAS-DE-CABECA-BRANCA (Haliaeetus leucocephalus) EM VIRGINIA,
ESTADOS UNIDOS DA AMERICA, DE 2017 A 2021

Resumo alargado

O chumbo é um metal pesado que ocorre naturalmente e é altamente toxico. Este
metal pode atuar como um veneno inespecifico, causando efeitos nocivos nos organismos.
Através de mecanismo de agcdo como a competigao por recetores de calcio, o espectro de
efeitos fisioldgicos do chumbo é amplo. Devido a grande utilizagdo deste metal em atividades
antropogénicas, este encontra-se presente no nosso ambiente. A exposicdo ao chumbo em
baixas concentragdes pode resultar diversos efeitos subletais na vida selvagem, enquanto
concentragdes mais elevadas podem ser fatais. Apesar das medidas implementadas para
reduzir esta exposi¢cdo ao chumbo, a intoxicagdo por chumbo continua a ser uma causa de
morbilidade e mortalidade na fauna selvagem.

A Aguia-de-cabega-branca é uma espécie emblematica e exclusiva do América do
Norte. Esta espécie tem um comportamento alimentar oportunista em que a sua dieta varia
com sazonalidade e regido, sendo a disponibilidade de alimento um fator crucial. Desta forma,
estas aguias podem consumir presas vivas como mortas, desde peixe a carcacas de
mamiferos. No passado as Aguias-de-cabeca-branca foram gravemente afetadas por
contaminantes ambientais, nomeadamente a utilizagdo do inseticida DDT, nos anos 60. O
que resultou que nos Estados Unidos da América foi registado um declinio no nimero dos
casais nidificantes, modificando o seu estado de conservagao para ameagadas. Logo, as
Aguias-de-cabeca-branca sdo consideradas valiosos bioindicadores para monitorizar
concentracdes de contaminantes no ecossistema e as consequéncias da sua exposicédo na
vida selvagem, devido a sua posigao tréfica na rede alimentar, habitos alimentares e
longevidade.

Diversos autores revelam os efeitos prejudiciais da exposigdo ao chumbo na
populagdo das Aguias-de-cabeca-branca. Adicionalmente, varios estudos evidenciam a
associacao entre a atividade de caga que utiliza municdo de chumbo com os casos de
intoxicagdo por chumbo registados. Apesar de esforgos para reduzir o uso deste metal
pesado, a intoxicagdo por chumbo continua a ser uma ameaga para esta populacéo e,
também outras espécies selvagens.

Desta forma, surge a necessidade de mais estudos para fornecerem informagées
relevantes acerca desta ameacga, com o objetivo de identificar as fontes e vias de exposi¢ao
de chumbo para compreender melhor o impacto da exposicado ao chumbo. Além disso, a
investigacao deste tema pode desempenhar um papel fundamental no desenvolvimento de
estratégias mais eficazes para prevenir ou mitigar este problema para a vida selvagem e

saude humana.
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Esta dissertacdo apresenta um estudo retrospetivo com base nos registos das
concentragbes de sangue de chumbo nas Aguias-de-cabega-branca no momento da
admissdo no Wildlife Center of Virginia. Todos os casos de Aguias-de-cabega-branca
admitidas de 1 de janeiro a 31 de dezembro de 2021 foram exportados do sistema informativo
WILD-One e foram excluidos todos os individuos em que nido foram medidos o niveis de
concentracao de chumbo, sendo que a amostra populacional consistiu em 191 individuos.

Este estudo tem como objetivo avaliar possiveis associagdes entra as concentragdes
de chumbo no sangue e fatores intrinsecos do individuo no momento de admisséo, tais como
estagio de vida, més e ano de admissao, municipio de resgate, circunstancia de resgate, peso
corporal e condigdo corporal das Aguias-de-cabecga-branca admitidas no Wildlife Center of
Virginia entre 2017 e 2021.

As concentragdes de chumbo no sangue foram testadas na LeadCare ®ll Blood Lead
Analyser em amostras recolhidas durante a admissdo das Aguias-de-cabeca-branca.
Posteriormente, concentragdes de chumbo no sangue =0.2 ppm foram consideradas como
niveis elevados de chumbo, ou seja, intoxicagdo por chumno. Enquanto concentragdes <0.2
ppm foram classificados como niveis de chumbo de referéncia. A decisdo de atribuir estes
niveis de chumbo no sangue a estes valores de concentragdes foram baseadas em estudos
anterior, de forma a facilitar a interpretacao e discusséao de resultados.

Para a analisar a associagcado estatistica entre os pardmetros em estudo e a as
concentragdes de chumbo no sangue foi realizado um teste qui-quadrado de Pearson e em
células com contagens inferiores a 5, o teste exato de Fisher foi aplicado. De forma a avaliar
e quantificar a associagao estatistica foi calculado o odds ratio. Para finalizar, para estimar a
tendéncia do numero de casos durante o periodo em estudo foi realizada um modelo de
regressao linear. Para todos os testes estatisticos foi aplicado um intervalo de confianga de
95%, ou seja, os resultados apenas foram considerados estatisticamente significativos
quando p < 0.05.

A amostra populacional investigada consistiu maioritariamente de individuos adultos,
sendo o grupo dos outros estagios de vida menos representados. Relativamente a peso e
condigéo corporal, a classe de peso mais representadas foi a de 3kg a 4 kg e a de condigao
porral de 2 a 3.0 ano de 2017 foi 0 ano com mais Aguias-de-cabega-branca admitidas com
mais casos de elevadas concentragcdes de chumbo no sangue. Em relagdo a més de
admissao, enquanto junho foi o més com mais individuos admitidos, janeiro apresentou mais
casos de intoxicagdo por chumbo. A distribuicdo de casos pelos municipios de resgate foi
bastante ampla com 63 municipios representados. A circunstancia de resgate mais exibida
foi a indeterminada. Por fim, este estudo revelou que 28% dos individuos tinham
concentragdes consideradas como elevadas e 75% dos individuos tinham concentragdes de

chumbo detetaveis no sangue.
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A analise estatistica demonstrou que apenas estagio de vida, més de admisséo e
municipio de resgate tinham associagdes estatisticamente significativas com as
concentragdes de chumbo no sangue elevadas. Posteriormente, os resultados indicam que
adultos e admissdes em janeiro tinham maiores probabilidades de ter elevadas
concentragdes de chumbo no sangue. Ao contrario de admissdes em Junho que revelaram
ter menos probabilidades de ter este nivel de contragdes de chumbo no sangue. A regressao
linear mostrou que o grupo total e de referéncia tinham significancia estatistica e revelavam
uma tendéncia negativa dos casos.

A maioria dos resultados deste estudo estavam de acordo com estudos anteriores
realizados, mais especificamente os resultados da analise estatistica que indicam que casos
de intoxicacdo por chumbo sdo mais provaveis em adultos e em admissdes em janeiro.
Embora nenhum destes parametros em estudo possam ser utilizados isoladamente como
evidéncia para a fonte de chumbo, quando consideradas em conjunto, € muito provavel que
munigdes de caga tenham sido uma importante fonte de exposi¢cao ao chumbo.

Concluindo, a intoxicagcdo por chumbo continua a ser uma ameaga relevante para a
vida selvagem, com grande relevancia na populagdo das Aguias-de-cabega-branca em
Virginia. Embora seja uma condigao complicada de controlar, compreender os fatores
envolvidos é de extrema importancia desenvolver estratégias mais eficazes para a sua
mitigacao.

Numa perspetiva de One Health, este estudo destacou a interconexao entre a saude
da vida selvagem e humana, uma vez que as fontes de chumbo estéo intimamente ligadas a
atividade da caca e outras agdes antropogénicas. Utilizando as Aguias-de-cabega-branca
como sentinelas da contaminagdo ambiental, é possivel identificar os riscos potencias para
0s humanos que consomem animais selvagens cagados, uma vez que a muni¢ado de chumbo
pode ser uma fonte desta contaminacdo. Desta forma através de estudos de espécies da
fauna selvagem é possivel monitorizar a saude ambiental, da vida selvagem e humana.

Apesar de varios esforcos efetuados, como campanhas educacionais e a promogao
de alternativas a muni¢cbes de chumbo, este estudo realca a necessidade da implementagao
de medidas de mitigacao a exposigao de chumbo mais eficientes.

Por ultimo é importante realgar a importancia de uma base de dados corretamente
gerida por um centro de reabilitacdo de animais selvagens que tem a capacidade de
providenciar dados importantes para melhor compreensao das ameacas da vida selvagens e
respetivas agdes conservacionistas. Adicionalmente, € possivel detetar doengas emergentes

e melhorar o futuro dos procedimentos de resgate, reabilitagao e libertagao.

Palavras-chave: Haliaeetus leucocephalus, chumbo, intoxicagao, Virginia, Estados

Unidos da Améria



Introductory Note

The present work was carried out in the Virginia Wildlife Center in the United States of America
as part of the author’s training period during the 6™ year of the Integrated Master’s in Veterinary
Medicine. The preliminary results of this study have already resulted in:
- An open communication (Annex I) and won 2™ place in the scientific poster competition
(Annex Il) in Fauna’s Xl International Conference, 17" to 19" of March, 2023, Lisbon,

Portugal.
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1. Activities developed during the curricular traineeship

The final mandatory externship of the Integrated Masters in Veterinary Medicine
(MIMV) took place in Waynesboro, Virginia, United States of America, in the Wildlife Center
of Virginia.

The Wildlife Center of Virginia is a non-profit teaching and referral hospital for native
wildlife, formed in 1982. The center’s missions are to provide quality health care to native
wildlife, conduct health studies, disseminate information to the public and train a corps of
wildlife practitioners. The indoor facilities are composed of a veterinary clinic, radiology room,
diagnostics laboratory, surgery room, pathology isolation facility, infant care unit, patients in-
care rooms, as well as offices for administration and outreach staff. In addition, outdoor
facilities have enclosures for non-releasable educational animals. For recovering patients,
there are flight pens, a bear enclosure, turtle pens, an aviary, deer fawn pens and a mammal’s
enclosure.

The veterinary team was composed of Dra. Karra Pierce, the director of Veterinary
Services, two veterinary interns, Dra. Olivia Schiermeyer and Dra. Marit Bakken, as well as
two licensed Veterinary Technicians, Jess Ransier and Rachel Wolffe.

| was a part of the veterinary externship program, which is designed to offer students
practical experience under the mentorship of qualified wildlife veterinarians. The externship
had a duration of 10 weeks with 2 days of rest per week, starting on the 4™ of July until the
11" of September with a total of 650 working hours accomplished. During this period, the
Wildlife Center of Virginia admitted 1041 animals of which 566 were mammals, 384 birds, 85

reptiles and 6 amphibians.

Graph 1 — Animals admitted (%) by the taxonomical class during the externship.

Source: Original.
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The days started with the treatment of in-care patients, during which | was able to
assist in administering oral and injectable medication, fluid therapy, laser therapy, physical
therapy and wound care. On most days, we would have around 50 or more in-care animals to
administrate proper treatment. When this task was completed and new animals arrived, all
these patients would be assessed and their fate decided.

As an extern student, | was responsible for the first approach to the new intakes, in
which the protocols varied according to their species. In raptor’s species, the protocol of entry
was composed of a complete ophthalmic exam, followed by a physical exam. If the patient
was stable, a blood collection was made and the animal was sedated with isoflurane for a
dorsoventral, laterolateral and ventrodorsal radiographs. A lead blood test and an emergency
panel were performed with the previously collected blood, which gave us information about
lead blood concentration, hematocrit and total protein, respectively. If the patient stayed under
our care, a blood count, as well as biochemistries, were scheduled. Additionally, an oral swab
was collected in species belonging to the family Columbidae and Accipitridae to test for
trichomoniasis. As for members of the Chelonidae family, apart from a physical exam,
dorsoventral, laterolateral and craniocaudal radiographs were performed and a blood count,
as well as biochemistries, were scheduled. Animals of the Passeriformes order were given a
quick physical examination, due to their stressful nature, and if possible, a fecal sample was
taken for a coprological exam. All the rabies reservoir species and waterfowl species more
susceptible to the avian influenza virus were handled the minimum possible and their physical
exam was always performed with the personal protective equipment. As a veterinarian extern,
| then proposed a medical approach (if necessary), further exams, adequate medications with
the correct dose calculated and a prognosis for the patient. After making all these decisions,
the externs meet with the veterinary intern to discuss the treatment plan for the patient.

Moreover, | was able to assist in surgeries, under the role of a surgeon’s assistant,
such as an amputation of a hind limb in an Eastern Box Turtle (Terrapene carolina carolina),
lancing of several aural abscesses in Eastern Box Turtles and an eye evisceration in a Great
Horned Owl (Bubo virginianus) (Figure 1). As an anesthesiologist, | was present in numerous
other surgeries, including an eye evisceration, the lance of aural abscesses, limb amputations
and wound debriding procedures. Under the guidance of the veterinarian technicians in the
laboratory, | had the opportunity to perform blood counts, total protein, hematocrit and blood
lead concentrations and observe fecal smears, in the microscope.

At the end of the day, veterinary externs have the task of maintaining updated medical
records on the online platform Wild-One. This assignment entails uploading all the annotations
made about physical exams, medications, and diagnostics performed, as well as the treatment

plan and prognosis, concerning the daily new entries in the center. In addition, | also had the



opportunity to participate in educational and wildlife awareness events for the public, like the
release of an adult Bald Eagle (Figure 1).

The Wildlife Center of Virginia (WCV) is a world reference for wildlife rehabilitation
centers, that emphasizes deeply in education and training with the help of a multidisciplinary
team of great experience. As such, the externship provided me the opportunity to contact the
different areas that compose the center and that contribute to the aim of conserving the native
fauna. Furthermore, it provided me not only with extensive knowledge in rehabilitation
medicine, but also critical clinical and ecological thinking.

Figure 1- Activities developed in the veterinary externship program at the WCV.
Source: Original.

Legend: A) Admission of a Black Vulture (Coragypus atratus); B) Eye evisceration surgery on a Great
Horned Owl (Bubo virginianus); C) Chemical immobilization of an American Black Bear (Ursus
americanus); D) Admission of a Great Horned Owl (Bubo virginianus); E) Performing fluid therapy
subcutaneously on a Bald Eagle (Haliaeetus leucocephalus); F) Admission of an Osprey (Pandion
haliaetus); G) Orphan Eastern Gray Squirrel (Sciurus carolinensis) H) Surgery of a leg amputation on
an Eastern Box Turtle (Terrapene carolina carolina); 1) Admission of an American Toad (Anaxyrus

americanus); J) Admission of Cooper’'s Hawk (Accipiter cooperii).

Previously to this experience, | made several complementary externships in other
referral wildlife rehabilitation centers from August 30th, 2021, to June 26th, 2022, taking place
in Grupo de Rehabilitacién de la Fauna Autdcna y su Habitat in Spain (GREFA), The Vale
Wildlife Hospital and Rehabilitation Centre in the United Kingdom and in Portugal, in Centro
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de Ecologia, Recuperacéao e Vigilancia de Animais Selvagens (CERVAS), Centro de Estudos
e Recuperacédo de Animais Selvagens (CERAS) and Centro de Recuperacdo de Animais
Selvagens do Hospital Veterinario da Universidade de Tras-os-Montes e Alto Douro (CRAS
HV-UTAD). All the skills | acquired in these voluntary externships provided me with the

practical experience and competences to attend the externship program at the WCV.



2. Introduction

Lead (Pb) is a naturally occurring heavy metal that is highly toxic. It can act as a
nonspecific poison, causing deleterious effects on living organisms (Bey and Meador 2011).
Lead can be released via numerous routes to the environment and due to anthropogenic
activities, it is now ubiquitous (Eisler 2000). Exposure to Pb in low concentrations may result
in a wide range of sublethal effects in wildlife, as higher concentrations can lead to death
(Demayo et al. 1982; Hunt 2012; Russell and Franson 2014). Although measures have been
taken to reduce lead exposure, lead poisoning remains a threat to wildlife populations (Avery
2009; Redig 2009).

Bald Eagles are considered to be valuable biosentinels in North America for monitoring
ecosystem contaminants concentrations and the consequences of their exposure on wildlife,
due to their trophic position in the food web and their longevity (Cesh et al. 2008). As a result,
Bald Eagles have been the subject of many studies focused on the effects of contaminants,
after suffering dramatic population declines linked to dichlorodiphenyltrichloroethane (DDT)
use in the United States of America, during 1950s through 1970s. Despite the restriction on
DDT and the recovery of eagles’ population, these birds continue to succumb to environmental
contaminants, including lead (Russell and Franson 2014). For example, in 2,980 Bald Eagles
carcasses submitted for diagnosis to the National Wildlife Health Center between 1975 and
2013, the main cause of death was poisoning (25.6%), with lead poisoning accounting for
63.5% of this mortality rate (Russell and Franson 2014).

Despite several studies conducted on lead exposure in eagles across North America
and efforts to reduce the use of this heavy metal, lead poisoning remains a current cause of
morbidity and mortality (Wayland et al. 2004). Further research can provide important insight
into this threat, by identifying the sources and pathways of lead exposure, helping to
understand the impact on the Bald Eagle’s population. In addition, it could play a critical role
in identifying the extent of lead exposure in the environment. Thereby enabling the
development of more effective strategies to prevent or mitigate this issue for both wildlife and
human health.

In order to contribute to further knowledge on this issue, a retrospective study was
carried out investigating 191 Bald Eagles admitted at the Wildlife Center of Virginia from 2017
to 2021.



3. Literature review

3.1. The Bald eagle

3.1.1. Taxonomy and morphologic features

The Bald Eagle is classified as Haliaeetus Leucocephalus (Linneaus, 1766), within the
Accipitriformes Order and Accipitridae Family. Two subspecies have been recognized, namely
the southern subspecies, later renamed Haliaeetus leucocephalus leucocephalus, after the
mention of the northern bald eagle, Haliaeetus leucocephalus washingtoniensis (Audobon,
1827). These populations are thought to vary in size, weight, and distribution, being the
southern individuals smaller and their habitat ranging from the Southern United States to
Northwestern Mexico (Buehler 2022). However geographic ranges have never been drawn
and it has been suggested that the variation described may simply be not accurate, leading to
not being recognized by ornithologists (Palmer et al. 1998).

H. leucocephalus is one of the largest birds of prey in North America with a wingspan
that ranges between 168 to 255 cm and a total body length varying between 71-96 cm (Palmer
et al. 1998). Being a raptors’ species, reverse sexual dimorphism is present (Newton 1979),
with females having an average weight of 5.35 kg tending to be larger compared to males that
weigh an average of 4.13 kg (Dunning 2008). This species’ physical features change
throughout different age classes, yet there is no reliable aging determination due to its
individual variability (Mccollough’ 1989; Wheeler and Economidy 2018). In an immature bird,
the plumage goes through a sequence, starting with a dark stage followed by phases with
variable amounts of white (Buehler 2022). Progressively the blackish gray bill and cere slowly
transition to an orange-yellow color, likewise, the iris changes from a dark brown to a yellow,
the adult form (Mccollough’ 1989). The adult plumage is commonly attained at 4 years of age
or older and is distinctively colored with a pure white tail and head contrasting with the dark
brown body (Wheeler and Economidy 2018) (Figure 2).

Figure 2 - Bald Eagles’ morphological features, from individuals admitted at the WCV.
Source: Original.
: B

Legend: A juvenile (A) and an adult (B) Bald Eagle admitted at the WCV.



3.1.2. Reproductive cycle and lifespan

After reaching sexual maturity between 4 and 5 years of age, individuals can compose
a breeding pair (Hoyo et al. 2010). The Bald Eagle is a monogamous species, except in cases
of the death of the breeding partner, that attempts to reproduce in one nest per year with a
clutch size of usually 1 to 3 eggs (Stalmaster 1987).

Depending on latitude, adults start nest-building activities one to three months before
egg-laying (Buehler 2022). In Alaska, north of the United States of America, adults build nests
in April (F. C. Robards and King 1966), contrasting with the south, in Florida, nest-build can
start as early as September (Broley 1947). Important nest habitat characteristics are generally
large trees capable of holding the large nest (Andrew and Mosher 1982; Wood et al. 1989)
and closeness to water (Andrew and Mosher 1982). Bald eagle nests have been found in
areas with human activities as close as 100 meters, showing a certain level of tolerance
(Andrew and Mosher 1982; Wood et al. 1989). Nevertheless, human interference causes
numerous detrimental effects, such as decreased productivity, thus decreased nestling
survival (Anthony and Isaacs 1989), displacement from preferred habitats (Schirato and
Parson 2006), alteration of behaviors such as frequency of feeding and brooding nestlings
(Steidl and Anthony 2000).

The incubation time is 35 days, both sexes incubate, hunt and feed the offspring that
depart the nest at 8-14 weeks (Buehler 2022). The variability of nest departure is due to the
growth rate, which is influenced by sex and hatching order (Bortolotti 1986). Fledglings rely
on their parents for food up to 6 weeks after leaving the nest (Kussman 1977). Young eagles
learn how to hunt on their own, following their parents (Buehler 2022 Oct 7) and progressively
become more independent, leaving their natal area at 17 to 24 weeks (Gerrard et al. 1974;
Kussman 1977). At this time, juveniles initiate a 4 to 5 years nomadic period, with movements
influenced by heritable tendencies, availability of food sources and weather (Buehler 2022).

The longevity of wild Bald Eagles can reach 30 years or more (Winder and Watkins
2020). According to other raptors’ survival patterns, it is believed they experience high

mortality in the first year of life, followed by a survival increase (Buehler 2022).

3.1.3. Feeding behaviors

The Bald Eagle is an opportunistic forager, meaning its diet depends on food
availability that varies with season and region, with the capacity to consume its prey alive,
fresh or as carrion (Grubb 1995; Watson 2002). The diet ranges from fish, birds, mammals,
reptiles, amphibians and crustaceans (Buehler 2022), but when available, fish seems to be
the preferable choice (Wright 1953). Although eagles can show preferences, prey availability

seems to be the most determinant factor of their diet (Knight and Knight 1983).



During the winter, there is a relative lack of food and a bigger energy requirement, for
thermal reasons (Stalmaster and Gessaman 1984). Most of the wintering eagles are found
near water where they feed on fish and waterfowl, often taking the dead, crippled, or otherwise
vulnerable animals (Griffin et al. 1982). Mammalian carrion is also an important alternate
source of food during this time, especially during deer harvest months, when the same

carcasses can be consumed for several days (Neumann 2009; Warner et al. 2014).

3.1.4. Habitat Requirements

The Haliaeetus leucocephalus typically inhabits mature forests and wetlands nearby
bodies of water, such as lakes, reservoirs, rivers, coastal and estuaries areas, offering foraging
opportunities (Garrett et al. 1993; Buehler 2022).

The forest area is usually composed of old-growth and mature trees with patches and
openings, resulting in an unobstructed view of prey enhancing the chances of its detection
(Stalmaster 1976; Garrett et al. 1993). A wide range of trees are used to perch, roost and nest,
physical characteristics seem to be more important than tree species (Garrett et al. 1993).
Trees are usually tall with large diameters and high limbs, preferred perch locations may have
the following attributes: low disturbance, proximity to potential food sources, short distance to
nest, a favorable panorama of surroundings and easily accessible to land and departure
(Stalmaster 1987; Caton et al. 1992; Garrett et al. 1993).

During the breeding season, nest selection sites vary geographically, likewise with the
presence of other breeding pairs and habitat suitability (Garrett et al. 1993), but the more
influential factor is food availability (Swenson et al. 1986). Bald eagles can choose nest sites
in decadent or more commonly used, healthy trees (Swenson et al. 1986) with a suitable
structure to hold the large nest (Livingston et al. 1990).

Areas with human disturbance are less inhabited (Caton et al. 1992), undeveloped
habitats are more favorable for reproduction success (Anthony and Isaacs 1989; Gende et al.
1998). Nonetheless, active nests were found in urban development regions, suggesting that

H. leucocephalus has some tolerance to human disturbance (Wood et al. 1989).

3.1.5. Geographic distribution and population status in the United States
of America

Concerning population distribution, Bald Eagles are an endemic North American
species, being a native avian species to Canada, the United States and portions of northern
Mexico (Buehler 2022) (Figure 3).

According to the United States Fish and Wildlife Service’s report, the most updated
population estimation is 316,700 individuals, including 71,467 occupied nesting territories in

the lower 48 states, excluding Alaska and the southwestern U.S. (U. S. Fish and Wildlife
8



Service 2020). Due to the limitations of data and evidence from Alaska, it is hard to assess

with accuracy the population size (Millsap et al. 2016).

Figure 3 - Bald Eagle management units and survey strata.
Management units are defined by dark lines and are labeled on the figure.
Source: U.S. Fish and Wildlife Service Final Report: Bald Eagle Population Size: 2020 Update.

Central Flyway

Legend: Survey strata are 1) Boreal Transition; 2) Chesapeake Bay; 3) California Highlands, 4) Columbia River; 5)
Central Florida; 6) Northern Florida; 7) Southeastern Lowlands; 8) Maine Lowlands; 9) Mississippi Valley; 10
Northern Rockies; 11) Oregon; 12) Prairie Transition; 13) Southern Cascades; 14) Upper Atlantic Coast; 15) Main
Highlands; 16) Western Cascades.

Nevertheless, this is the state with the biggest breeding population of Bald Eagles in
the United States, with an estimation of 15,000 occupied nests (Gould et al. 2009) (Table 1).

Table 1 - Estimates of occupied nests from the integrated aerial survey and eBird relative
abundance data by bald eagle management unit 2018-2019.
Source: U.S. Fish and Wildlife Service Final Report: Bald Eagle Population Size: 2020 Update

(adapted).
Median (20t
Quantile)

Atlantic Flyway 19,685 142 19,074(15,691)

Central Flyway 7,167 71 6,867(5,197)
Mississippi Flyway 36,973 219 36,038(30,967)

Pacific Flyway North 9,674 52 9,488 (8,239)
Total 73,499 275 71,467 (60,094)



3.1.6. Conservational and legal status in the United States of America

Although in 1782 the United States of America recognized the Bald Eagle as the
national symbol, this emblematic specie suffered drastic population variations due to human
persecution, habitat destruction and pesticide contamination, especially by DDT (Fredrick C.
Robards and King 1966; Buehler 2022).

Starting in the 19" century the population suffered a major decline and by the 20"
century, this species was threatened with extinction thus in response, the United States
created the Bald and Golden Eagle Protection Act of 1940 (16 U.S.C 668—-668d). By 1963,
with only 417 nesting pairs of bald eagles known in the lower 48 states (Sprunt and Ligas
1964), the specie was in danger of extinction. Leading to the southern subspecies being listed
as Endangered under the Endangered Species Preservation Act of 1966 (Public Law 89-669).
Later in 1978, the entire population in the contiguous United States was listed under the
Endangered Species Act of 1973 (Public Law 93-205).

Due to the recovery efforts and protection actions, in 1995, they were down listed to a
less critical category of Threatened (60 FR 36000). Later based on the population increase to
9,789 breeding pairs, in 2007 the Bald Eagle was delisted from the List of Endangered and
Threatened Wildlife (72 FR 37345).(Graph 1). Nonetheless, it is to be noted, this species
continues to be protected under the Migratory Bird Treaty Act since 1972 (16 U.S.C. 703-712)
and the Bald and Golden Eagle Protection Act of 1940 (16 U.S.C 668—668d). In addition, since
2016, the Bald Eagle is classified as Least Concern by the International Union for

Conservation of Nature and Natural Resources (Birdlife International 2016).

Graph 1 - Estimated number of Bald Eagles pairs in lower 48 states from 1963 to 2007.
Source: Endangered and Threatened Wildlife and Plants: Removing the Bald Eagle in the Lower 48
States from the List of Endangered and Threatened Wildlife
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3.1.7. Threats and Conservation Efforts

3.1.7.1. Human Disturbance and Habitat Destruction or Modification

Urban development and related human activity are increasing, along with the rise of
population, posing a great threat to the environment and wildlife associated, including the Bald
Eagle. The most negatively impactful activities are the direct cutting of trees, recreational use
of the shoreline and the polluting of waterways (60 FR 36000). Therefore, leading to habitat
loss, most significantly the loss of shoreline nesting, perching, and roosting sites, as well as
access to aquatic foraging areas (Buehler et al. 1991).

Human disturbance and alterations of habitat, such as tree cutting, can influence nest
distribution, since Bald Eagles tend to prefer nest sites in undeveloped areas (Fraser et al.
1985; Anthony and Isaacs 1989; Buehler et al. 1991; Gende et al. 1998) containing suitable
perch trees for foraging and other activities (Chandler et al. 1995). Furthermore, nest
productivity is also affected, hence higher nesting success in places where there is less human
intrusion (Anthony and Isaacs 1989; Gende et al. 1998).

Even though, this specie’s nesting habitat is preferably closer to water, the human
presence and settlements are enough to make them nest farther from shorelines (Fraser et
al. 1985; Anthony and Isaacs 1989; Watts and Whalen 1997), with the possibility of keeping
them away from available food sources and it could impair productivity (Schirato and Parson
2006). Likewise, Bald Eagles may also respond negatively to structures themselves or habitat
modifications, because, even during seasons with low human activity, they avoided developed
areas (Buehler et al. 1991). In the long term, the Bald Eagle’s capacity to cope with human
activity and the ability to manage appropriate breeding habitats will determine the size and
stability of breeding populations (Watts et al. 2008).

Several conservational efforts have been applied to minimize these consequences,
including guidelines to diminish human disturbance in critical locations, protection measures

for nesting and winter roosts sites, reforestation and public education (60 FR 36000).

3.1.7.2. Shooting and trapping

Throughout history, Bald eagles have been persecuted by humans for several reasons.
Native Americans used Eagle parts and feathers for religious and cultural purposes, as
European settlers perceived them as a threat to livestock (Buehler 2022). Even later in Alaska,
a bounty on Eagles was placed to protect salmon fishing, from 1917 until 1952, 128,273 eagles
were killed and presented (Fredrick C. Robards and King 1966).

Since 1970, it is believed that human persecution decreased (Buehler 2022) with the
help of public education and protection and preservation acts. Additionally, as a measure to
cater to the religious needs of Native Americans, a legal and regulated collection of salvaged
parts from deceased eagles was established, named the National Eagle Repository in
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Commerce City (72 FR 37345). Nonetheless, it is still a cause of mortality, being that from
1975-2013, out of 2,980 Bald Eagles submitted to the National Wildlife Health Center in
Madison, Wisconsin, 12.2% of Bald Eagles died of shooting or trapping (Russell and Franson
2014).

3.1.7.3. Pesticides and other Contaminants/Toxics

Due to their position at the top of the food chain, Bald Eagles are prone to
bioaccumulate all sorts of contaminants present in the environment and food sources. There
is wide agreement that pesticides played a role in the abrupt decrease of Bald Eagle
populations, at the mid-point of the 20" century (Hickey and Anderson 1968; Grier 1982;
Wiemeyer et al. 1984; Elliot and Harris 2001). Although population numbers made an
impressive recovery, organophosphorus and carbamate pesticides, heavy metals, along with
other substances are still a current threat to this specie’s survival and reproduction (Buehler
2022).

In the 1940s, DDT was developed as an insecticide to combat insect-borne human
diseases, and rapidly, it was widely used in agriculture and as a household insecticide (Beyer
and Meador 2011). At the same time, the chemical compounds, polychlorinated biphenyl
(PCBs) were also being broadly used for industrial and commercial purposes. Effects of these
compounds were linked to Bald Eagles' reproductive failure, especially DDT, due to its
metabolite dichlorodiphenyldichloroethylene (DDE) (Reichel et al. 1984; Nisbet 1989; Anthony
et al. 1993). Through eggshell thinning, leading to egg breakage, and consequently, embryo
deaths, DDT and its metabolites lower the reproductive success of avian species, including
the Bald Eagle (Newton 1979; Wiemeyer et al. 1984; United Nations Environment Programme.
1989). After a review of the effects on humans, wildlife and the environment, DDT was banned
in 1972 (37 FR 13369) and PCBs’ commercial usage was later restricted, in 1979 (44 FR
31514 1979). Years after, the bans were followed by reports of increased reproduction of Bald
Eagles and decreased DDE contamination, proving their effectiveness and necessity (Grier
1982).

Lead poisoning has been well-documented in wild birds, particularly in waterfowl
caused by spent ammunition ingestion (Bellrose 1959). Previously, lead poisoning in Bald
Eagles has been linked to contaminated food sources, such as preying on waterfowl
contaminated with lead (Pattee and Henner 1983). Although measures have been taken such
as the ban on lead ammunition for waterfowl hunting (U. S. Fish and Wildlife Service 1986),
the cases of lead poisoning in the Bald Eagle have not ceased (Russell and Franson 2014),
suggesting other lead contamination sources. Reports have indicated lead exposure by
ammunition fragments in deer offal and carcasses (Hunt et al. 2006; Bedrosian et al. 2012;
Cruz-Martinez et al. 2012). Currently, lead poisoning is still a current cause of morbidity and
mortality in Bald Eagles (Haig et al. 2014; Russell and Franson 2014; Buehler 2022). In

12



addition, although with lower incidence, contamination by several other substances has also
been reported as a cause of death in Bald Eagles, namely cyclodiene, dieldrin, thallium,
carbamate, carbofuran and strychnine (Reichel et al. 1984; Nisbet 1989; Russell and Franson
2014).

3.1.7.4. Collisions with Stationary/Moving Structure or Objects

As the Bald Eagle’s habitat fuses with human-occupied areas, the relevance of
mortality by collision rises (Buehler 2022). One common cause is car trauma, in part due to its
opportunistic feeding behaviors and with the increase of scavenging opportunities on the side
of the road, this species become more susceptible (Russell and Franson 2014). Electrocution
is also a concern, Alaska has documented 241 confirmed deaths by collisions with power
lines, from 1978 until 2002 (Harness 2008). Another threat is aircraft collisions, which have
consequences not only for wildlife, but also for the aircraft itself and its occupants. From
reports of the Federal Aviation Administration, the U.S. Air Force and the U.S. Navy, there has
been an increase of 2200% in Bald Eagle collisions (Washburn et al. 2015). More recently,
along with the growing interest of wind energy industry, Bald Eagles have become at risk of

wind turbine collisions (Nasman et al. 2021).

3.2. Lead

Lead is a toxic heavy metal with several valuable properties, used since ancient
civilizations (Hoffman et al. 2003; Riva et al. 2012; Grant 2020). During the Industrial
Revolution, there was a rise in the production of lead-containing objects (Hoffman et al. 2003;
Franson and Pain 2011; Riva et al. 2012). Later lead was even present in paint and gasoline,
but restrictions were placed in many countries due to major health consequences (Riva et al.
2012). Nevertheless, nowadays lead can still be found in weights, batteries, and ammunition,
among other products, as well as in anthropogenic activities such as mining, smelting and
recycling operations (Ramesh 2012).

Due to the widespread usage of this metal and being one of the most hazardous and
cumulative environmental pollutants (Patra et al. 2011), lead is ubiquitously in the environment
(Eisler 2000; Goyer and Clarkson 2001). Consequently, biological systems have been
increasingly exposed to this metal, whose effects are constantly documented as detrimental
(Hoffman et al. 2003). Hence, according to the World Health Organization (2022), no blood
lead concentration is known to be safe.

Lead poisoning often causes neurological, hematological, and gastrointestinal
dysfunction, although it varies with species, duration of exposure and amount of lead absorbed
(Bey and Meador 2011; Ramesh 2012). In addition, due to its physiological effects, namely
the capability of competing with calcium binding sites and interrupting calcium-mediated
functions, lead can have consequences in all body systems (Goyer and Clarkson 2001).
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3.2.1 Lead Poisoning in Wild Birds
3.2.1.1. Sources of Lead

Avian wildlife can be exposed to lead through various sources and routes, due to its
extensive availability in the environment. For example, there are cases of lead poisoning in
waterbirds due to discarded leaded fishing gear in lakes or other waterways from recreational
fishing, resulting in other animals that compose the diet of avian species also being
contaminated (Scheuhammer 1996; Slabe et al. 2019). Lead exposure in birds has also been
documented from lead-based paint from buildings, mine waste, and metal objects (Sileo and
Fefer 1987; Finkelstein et al. 2003; Hansen et al. 2011; Golden et al. 2016). However, there
is a consensus in the reviewed literature that the most reported source of lead exposure is
ammunition, with oral ingestion being the typical route (Jordan and Bellrose 1951; Bellrose
1959; Scheuhammer and Norris 1996;Scheuhammer and Templeton 1998; Church et al.
2006; Redig and Arent 2008; Helander et al. 2009; Franson and Pain 2011; Bedrosian et al.
2012; Cruz-Martinez et al. 2012; Ramesh 2012; Rideout et al. 2012; Behmke et al. 2015;
Golden et al. 2016; Katzner et al. 2018).

The ingestion of ammunition can occur when birds, such as waterfowl, ingest lead
shotgun pellets in areas where they are hunted over, presumably as grit or food particles
(Bellrose 1959; Redig and Arent 2008). In birds of prey or other scavenging species, ingestion
is through unretrievied carcasses that have been shot, prey with already ingested lead, or from
lead bullet fragments embedded in the offal or other tissues (Griffin et al. 1982; Pattee and
Henner 1983; Redig and Arent 2008; Franson and Pain 2011).

There are several arguments to support ammunition as the main source of lead
exposure: greater frequency of lead exposure during or following hunting seasons, direct
observation of ammunition in birds and isotopic signatures compatibility from the lead drawn
and the manufacture of ammunition (Sheuhammer and Templeton 1998; Cruz-Martinez et al.
2012; Russell and Franson 2014).

A temporal association can be drawn, due to seasonality having a relevant role in lead
exposure, especially in bird species that opportunistically forage for food sources such as big
game carcasses and offal piles (Cruz-Martinez et al. 2012). For instance, the frequency of
lead exposure events and mortality rise during or immediately after game hunting seasons,
which was observed in scavenging species after the ban of lead shots for waterfowl hunting
in the United States (Bedrosian et al. 2012; Cruz-Martinez et al. 2012; Russell and Franson
2014). The cases that can interfere with this argument are shootings outside of the legal
hunting periods or exposure to small game ammunition in other seasons (Golden et al. 2016).

Lead fragments or shots have been discovered during necropsies, radiographs, or
directly observed birds feeding on lead-contaminated carcasses (Russell and Franson 2014).
Nevertheless, individuals may also be exposed to lead ammunition despite no detection or
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recovery of lead fragments, this metal could have been already absorbed and expelled, due
to the ability to form cast, the majority of birds presenting with clinical signs of illness do not
have radiographically detectable lead in the stomach (Redig and Arent 2008). Moreover, in
studies with captive scavenging birds dosed with lead shots, its retention varied among
individuals of the same species and under similar treatment regimens (Pattee et al. 1981;
Carpenter et al. 2003; Golden et al. 2016).

It is possible to measure the lead isotope ratios in human, environmental or wildlife
samples and compare them to potential sources of lead (e.g., paint, ammunition, mine
tailings). When it is analyzed with other forms of evidence like direct observations, behavioral
ecology, or recovery of ingested items, it can help to elucidate how biological systems are
exposed to this metal (Sheuhammer and Templeton 1998; Behmke et al. 2015; Golden et al.
2016). For example, a study about the California condors found lead isotope values in free-
flying individuals with relatively high blood lead concentrations to be consistent with lead from
ammunition (Church et al. 2006). Another relevant factor that exacerbates the risk of lead
poisoning is the capability of ammunition to fragment itself (Golden et al. 2016). The hunting
firearms currently used have projectiles of various sizes and shapes (Thomas and Guitart
2013). In the case of fragile metals, such as lead, the tendency to break into small pieces
increases and lead is dispersed within the carcass (Hunt et al. 2006) (Figure 4). Therefore,
the fragmentation of ammunition leads to being more easily ingested and difficult to avoid
when consuming contaminated tissues, consequently it becomes more available to multiple
individuals (Hunt et al. 2006; Warner et al. 2014).

Figure 4 - Lateral-view radiograph of the mid-thorax of an adult female white-tailed deer killed
by a standard copper-jacketed, lead-core, soft-point hunting bullet.
Source: Bullet Fragments in Deer Remains: Implications for lead exposure in avian scavengers
(adapted).
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3.2.1.2. Exposure Potential and Sensitivity to Lead

Based on the exposure potential and sensitivity, combined with demographic factors,
an individual's vulnerability to a toxicant may be evaluated (Golden et al. 2016) A bird’'s
sensitivity and potential to be exposed to lead depend on multiple factors, including its diet,
physiology and anatomical characteristics (Franson and Pain 2011; Golden et al. 2016).

Diet can play a very important role, with the capacity of influencing lead’s absorption
and deposition in tissues (Franson and Pain 2011; Golden et al. 2016). Toxicity can vary with
nutritional deficiencies, with low calcium and protein diets increasing the gastrointestinal lead
absorption and the total body burden (Eisler 2000; Koranda et al. 1979; Scheuhammer 1996).
Specifically, with calcium, lead competes for absorption due to similar chemical properties
(Quaterman 1986).

Birds foraging and feeding habits affect exposure to lead. For example, individuals that
scavenge on carcasses or offal piles are more likely to be exposed to spent ammunition in the
tissues of hunter-killed game (Franson and Pain 2011). Another contributing factor is group
feeding behavior, when one individual comes across a contaminated carcass others observe
it and subsequently consume the contaminated food source as well (Franson and Pain 2011;
Buehler 2022 Oct 7).

Factors such as gender, life stage, species, longevity and even, individual susceptibility
influence lead’s absorption, tolerance and population impact (Hoffman et al. 1981; Pattee et
al. 1981; Scheuhammer 1987; Carpenter et al. 2003; Pain et al. 2009; Krone 2018). It has
been documented a greater rate of lead accumulation in reproductively active female birds
than in males, it is thought to be associated with the rise of intestinal absorption of calcium
during eggshell formation (Scheuhammer 1987). Another period of higher calcium uptake is
during bone development in juveniles, resulting in more lead absorbed into the bones (Pain et
al. 2009). In studies with experimental dosing, birds revealed individual variability in sensitivity
to this element, probably linked to length and number of shot retention, the quantity of lead
eroded and individual susceptibility (Hoffman et al. 1981; Pattee et al. 1981). Concerning
tolerance between species, authors state that when compared to others, species such as
vultures, exhibit a substantially higher tolerance to lead shots (Carpenter et al. 2003). In
addition, lead exposure during early life stages in species with long longevity and late maturity,
namely eagles and vultures, can result in lead intoxication chronically or sub-chronically
(Meretsky et al. 2000). Consequently, it has a more significant impact on these species’
populations, due to individuals suffering from the lead poisoning effects without having the
chance to reproduce offspring (Meretsky et al. 2000; Krone 2018).

The anatomical characteristics of the avian ventriculus differ with species and can
influence the retention and thus to some extent the absorption of metallic lead objects. The

gizzards of carnivores, scavengers, and fish-eating birds are adapted for a relatively soft diet,
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being less muscular than the ones of birds with hard diets, such as grain, vegetation, and
insects (Denbow 2000). This effective grinding in this species can enable the erosion of
ingested metallic lead, leading to being more available for absorption and subsequent
distribution throughout tissues (Jordan and Bellrose 1951). In contrast, raptors, among other
species that have a thin-walled stomach and are skilled with forming and regurgitating pellets,
or casts, consisting of undigested bones, hair, and feathers of prey (Duke 1986).

Bird’s distinct physiology can play a role on lead’s breakdown and absorption, leading
to a greater vulnerability to lead poisoning (Golden et al. 2016). The stomach’s pH in diurnal
raptors is around 1, being much lower when compared with psittacines and granivorous birds
and even owls, whose stomach pH ranges from 2 to 4 (Duke 1986). Raptors with acidic
stomach fluids facilitate the erosion and subsequently absorption in the gastrointestinal tract,
which in cases of lead ingestion enables lead solubilization and absorption (Duke 1997; Fisher
et al. 2006). Moreover, birds possess a unique trait in gastrointestinal mobility that increases
the residence time of ingested materials in the digestive system (Russell and Franson 2014)
An adaption hypothesized to allow for greater digestion of nutrients without lengthening the
gastrointestinal tract and affecting the ability to fly due to added weight, the contents of the
upper ileum and duodenum with the help of periodic reverse peristalsis are moved back into
the stomach (Duke 1997).

3.2.1.3. Physiological Effects

The erythropoietic system is one of the most affected, as lead enters the bloodstream,
the first measurable consequence is typically the inhibition of heme-biosynthetic enzymes,
notably ferrochelatase and delta-aminolevulinic acid dehydratase (ALAD) (Hoffman et al.
1981; Lumeij 1985; Franson and Pain 2011). ALAD is an enzyme responsible for hemoglobin
synthesis, which lead can inhibit for several weeks or months, being a very sensitive indicator
of lead exposure in birds (Finley et al. 1976; Redig et al. 1991; Carpenter et al. 2003; Pattee
et al. 2006). In cases of high exposure, ALAD depression results in anemia characterized by
lowered hemoglobin and hematocrit, yet birds can exhibit a certain tolerance and not show
any clinical signs (Franson et al. 1983; Pain and Rattner 1988; Franson and Pain 2011). This
enzyme is also inhibited in the liver and brain of both birds and mammals, thus possibly having
critical effects on these organs’ function (Hammond 1973; Buthet et al. 1976; Dieter and Finley
1979). In addition, ferrochelatase is another useful tool to detect lead toxicity in birds, an
enzyme that combines ferrous iron and protoporphyrin IX (PPIX) to form heme, causing the
accumulation of PPIX in the erythrocytes (Roscoe et al. 1979).

The competition for binding sites with calcium can disrupt this element's action as a
regulator of cell function, causing a lot of effects, including neuromuscular (Bressler and
Goldstein 1991; Peraza et al. 1998). Moreover, high-dose exposure to lead disrupts the blood-
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brain barrier, enabling the entrance of molecules into the brain of immature animals, such as
albumin that are normally excluded (Clasen et al. 1974; Goldstein 1974; Goldstein et al. 1977).
The same effect occurs on ions and water follows, causing edema and an increase in

intracranial pressure, consequently a decrease in cerebral perfusion (Ramesh 2012).

3.2.1.4. Time Distribution and Thresholds of Toxicosis

First, lead is absorbed through the gastrointestinal tract and once it reaches the
bloodstream, it is distributed throughout the body, including growing feathers (Franson and
Pain 2011). Generally, the highest concentrations are found in bone, liver, and kidney, with
intermediate concentrations in the brain and blood, and low concentrations in muscle (Custer
et al. 1984; Garcia-Fernandez et al. 1995; Bey and Meador 2011).

The liver and kidney are two organs with an active role in the excretion of xenobiotics
and it is where high concentrations of lead can be found (Franson and Pain 2011; de Francisco
et al. 2016; Krone 2018). It is not clear, which soft tissues have the greater lead accumulation
ability, since some studies show higher lead concentrations in the liver than in the kidney,
while others reveal the opposite (Bassi et al. 2021). In contrast, the brain has lower lead
concentrations due to the blood-brain barrier (Bassi et al. 2021). To contrast, the bone acts
like a long-term reservoir, with the hydroxyapatite crystals having a high affinity for lead,
hence, a gradual decline in concentrations in soft tissues (Redig and Arent 2008; Franson and
Pain 2011).

The diagnosis of lead poisoning in live birds is usually made through blood analysis,
while liver and kidney lead levels are used to make a post-mortem diagnosis (Redig and Arent
2008). The determination of lead concentrations in blood is a useful and nonlethal way to study
lead exposure in birds and live individuals (Franson and Pain 2011) (Table 2). However, lead
assessment in blood samples is obtained from a compartment in constant change, with
dynamic exchange kinetics, where only a very small amount of the total body burden is being
measured (Redig and Arent 2008). In contrast, concentrations in bone are more suited to
measure chronicle lead exposure, although the interpretation can be challenging since there
is a continuous accumulation and slow release (Franson and Pain 2011). An alternative
method is measuring lead in feathers, which reflects exposure at the time of feather growth, a
more limited time frame (Golden et al. 2016).

Thresholds of lead toxicosis are difficult to determine, due to species' variability and
lack of studies. Additionally, a proper interpretation of tissue lead concentrations in an
individual bird is made in combination with several other factors, including species, overall

health, type of lead exposure frequency, among others (Franson and Pain 2011).
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Table 2 - Suggested Interpretation of Tissue Lead Concentration in Three Orders of Birds.
Source: Franson and Pain 2011 (adapted).

Order Blood (ppm) Liver (mg/kg ww) Kidney (mg/kg ww)
Anseriformes
Subclinical Poisoning 0.2-0.5 2-6 2-6
Clinical Poisoning 0.50 -1 6-10 6-15
Severe Clinical
Poisoning >1 >10 >15
Falconiformes
Subclinical Poisoning 0.2-0.5 2-6 2-4
Clinical Poisoning 0.5-1 6-10 4-6
Severe Clinical
Poisoning > 1 >10 > 6
Columbiformes
Subclinical Poisoning 0.2-2 2-6 2-15
Clinical Poisoning 2- 3 6-15 15-30
Severe Clinical
Poisoning >3 >15 > 30

3.2.1.5. Clinical signs and Prognosis

The organism’s response to lead comprises a wide spectrum of responses, from subtle
physiological effects to severe pathological changes, with the magnitude, duration and
previous history of lead exposure playing an important role (Golden et al. 2016).

Acute exposure to high levels of lead is generally typified by a fairly good body
condition and can result in sudden death without any previous signs (Franson and Pain 2011;
Pain et al. 2019). While clinical signs are often associated with chronic lead cases, with
individuals presenting anorexia, low fat reserves, muscle wasting and debilitation (Golden et
al. 2016; Pain et al. 2019). Clinical signs may include lethargy, anemia, green diarrhea with
staining of the vent, wing droop, ataxia, loss of balance and coordination (Redig and Arent
2008; Franson and Pain 2011; Pain et al. 2019). Ultimately, lead exposure causes alterations
in growth, locomotion, balance, body and organ mass, thermoregulation, depth perception,
scavenging and feeding ability, with affected functions of the neurological, cardiological,
gastrointestinal, reproductive and immunological systems (Cory-Slechta et al. 1980; Lumeij
1985; Grasman and Scanlon 1995; Gochfeld 2000; Lee et al. 2001; Tobias Krause et al. 2006)
(Figure 5).

As far as subclinical incidents, individuals can present different body condition scores
and typically have other admission causes (Redig and Arent 2008). It is thought that sublethal
exposures can affect health directly, as well as make individuals more susceptible to other
threats, namely predation, collisions with objects, hunting and other illnesses (Hunt 2012).
Nevertheless, the correlation between causes of death and lead exposure is difficult to
accurately establish, thus, the population impact in certain bird species is likely being
underestimated (Hunt 2012).
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Concerning prognosis is hard to determine, because it must be consider other factors
such as species and individual variability, the overall health of the bird and possible
interactions with other illnesses (Franson and Pain 2011). In an experimental study of lead-
shot poisoning in Bald Eagles, while some individuals succumb within 2-3 weeks, others
survived for more than 15 weeks (Pattee et al. 1981). While in Turkey Vultures experimentally
lead poisoned, the sample population all survived for more than 20 weeks (Carpenter et. al.

2003). Thus, lead mortality varies within species and dosage method.

Figure 5 - Bald Eagles admitted at the WCV with lead poisoning, showing clinical signs.
Source: The Wildlife Center of Virginia.

A) An adult with general listiessness and overall weakness.

(B) An adult with neurological impairment.

3.2.1.6. Regulations and Measures Implemented in the United States of
America

Many approaches have been taken to reduce lead’s availability to birds, both regulatory
and voluntary actions, varying with each state, reflecting the diverse stances on this issue
(Haig et al. 2014).

In terms of legislation, lead shot was completely banned for the hunting of waterfowl in
1991, due to overwhelming evidence of its detrimental effect on the waterfowl and avian
scavengers population (Jordan and Bellrose 1951; Bellrose 1959; Pattee and Henner 1983).
The effectiveness of the 1991 lead banned was evaluated by numerous studies, with one
revealing a decline of 64% in mortality of mallards from lead shot exposure, equating to 1.4
million of 90 individuals along the Mississippi Flyway in 1997 (Anderson et al. 2000b). Although
these studies revealed a reduction, the lead exposure in waterfowl and birds that prey upon
these species was not eliminated (Stevenson et al. 2005; Avery 2009). In addition to the lead

remaining from waterfowl hunting, lead continues to enter the environment through other types
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of hunting and shooting activities in the United States, such as small game and deer hunting,
the most popular type of hunting currently (Golden et al. 2016).

As the 1991 nationwide lead ban proved to not be sufficient to mitigate the several
consequences caused by lead exposure on wildlife, states decided to implement more strict
state measures. Several states and wetland management agencies do not allow lead
ammunition in aquatic environments, regardless of the target species (Haig et al. 2014).
Furthermore, about 35 states have established areas in which waterfowl lead shot regulations
have expanded to include non-waterfowl species, being more commonly focused on upland
game-bird hunting and vary with state, target species, and even with land ownership within a
particular state (Thomas 2009). In a more severe case, the California Condor is a critically
endangered species with lead poisoning being one of the leading causes of this population
decline (Meretsky et al. 2000; Church et al. 2006; Rideout et al. 2012). As a mitigation
measure, California state in 2013, became the first state to sign a bill into law prohibiting the
use of all lead ammunition when taking any wildlife with a firearm (Assembly Bill 711). In the
year following the implementation of this ban, blood lead concentrations significantly declined
even in other species, namely Turkey Vultures and Golden Eagles (Kelly et al. 2011).

In addition, numerous state fish-and-game agencies no longer use lead in internal
agency operations, such as for some of their control programs for nuisance wildlife species,
the U.S. Department of Agriculture Animal and Plant Health Inspection Service Wildlife
Services has adopted non-lead ammunition (Haig et al. 2014).

At a smaller scale, important measures have been implemented with the aim of
reducing the access to spent lead ammunition, like the redistribution of shot through sediment
cultivation, raising water levels in wetlands and providing uncontaminated food to endangered
species (Thomas 2009). Other relevant actions are the exchanges and giveaways, acting as
a communication means to educate hunters and other users on the hazards of using lead and
exposing the benefits of switching to nontoxic alternatives (Haig et al. 2014). Additionally,
fishing gear is also another source of lead in the environment and the requirements for the
usage of lead vary significantly by state, with more restrictions in areas with substantial groups

of waterfowls, such as loons and swans (Haig et al. 2014).
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4. Aims of the study

The aim of this study was to assess possible associations between blood lead

concentrations and intrinsic host factors on arrival, such as life stage, month and year of

admission, county of rescue, circumstances of rescue, body weight and body condition of Bald
Eagles admitted to the Wildlife Center of Virginia between 2017 and 2021. To achieve this

aim, this study had the following objectives:

1.

To characterize the Bald Eagle population admitted at the WCV and tested for blood
lead concentration during the 5-year period;

To investigate the prevalence and geographical distribution of blood lead poisoning in
Bald Eagles rescued;

To assess spatial and temporal variation in blood lead concentration in the Bald Eagle
population of Virginia;

To determine if a correlation exists between admission information and blood lead
concentration in Bald Eagles;

To evaluate the tendency of blood lead poisoning cases and overall admissions of Bald
Eagles;

To provide insight to this topic and provide recommendations for conservation and

management efforts.
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5. Materials and methods

5.1. Type of Study
The type of study conducted was a retrospective study, based on the records of blood
lead concentrations of Bald Eagles admitted at the WCV between 2017 and 2021.

5.2. The database and studied parameters

All cases referring to Bald Eagles admissions from January 1%, 2017 to December 31,

2021 at the WCV were exported from the information system WILD-One to the Microsoft®
Office 365 Excel.

During the investigated period, 241 Bald Eagles were admitted at the WCV, of which
upon arrival: 25 were deceased and 216 were alive. Nevertheless, 25 individuals were
euthanized after a physical examination, meaning these animals did not have blood lead levels
measured. Based on the criteria of exclusion, namely the measurement of blood lead
concentration, the final sample size was 191 Bad Eagles. Each animal admitted has a case
number identification and records associated with several parameters, the ones analyzed in
this study are listed below.

Most of the Bald Eagle’s data did not include sex, as it was classified as undermined
in many cases. Since the process of sexing is considerably challenging, as it requires several
measurements to be taken into consideration (Garcelon et al. 1985), the WCV team considers

the time of sexing not a priority. Therefore, sex data analysis was not performed in this study.

5.2.1. Life stage

The Bald eagle’s life stage was recorded in four possible classifications: hatchling,
fledgling, juvenile or adult. This classification was based on plumage characteristics assessed
on admission.

Hatchlings were generally admitted with no feathers and fledglings had juvenile
feathers. The difference between juveniles and adults is the plumage. Juvenile individuals
have dark-colored plumage with variable amounts of white and adult Bald Eagles have

distinctively white and tail plumage, with a dark brown body (Buehler 2022) (Figure 6).
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Figure 6 - Life stages of Bald Eagles admitted at the WCV.
Source: The Wildlife Center of Virginia.

M.
(A) A hatchling, (B) a fledgling, (C), a juvenile and (D) an adult Bald Eagle.

5.2.2. Body weight

During the physical exam, the patient was always weighted at intake. The measuring
unit used for the body weight was the kilogram (kg).

To facilitate the organization and analysis of data six body weight groups were

considered: <1 kg, 1kg to <2 kg, 2kg to < 3 kg, 3kg to <4 kg, 4kg to < 5kg and > 5 kg.

5.2.3. Body condition

Body condition was always assessed. The general body condition of most avian
species may be evaluated by measuring the amount of subcutaneous adipose tissue, through
the palpation of the pectoral muscles (Scott 2021). Based on a 1 to 5 scale, a numeric score

is associated with the amount of muscle and fat coverage over the keel (Figure 7).

Figure 7 — Body condition score chart in Bald Eagles.
Source: original.
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At the WCV, intermediate scores are used when there is not a consensus on the most
accurate body condition score. Therefore, there are 9 possible body condition scores
considered and adopted in this study: 1, 1.5, 2, 2.5, 3, 3.5, 4, 45 and 5. To ease the
interpretation of results the body condition scores were divided into 4 categories: >1 to <2, >2

to <3, >3 to <4 and >4 to <5.

5.2.4. Date of admission
When the animal was admitted at WCV the month and year of admission were

recorded.

5.2.5. County of rescue
The WCV always records information about the location of the rescue, including the
County of Virginia where the animal was found. This study considered all 95 counties and 38

independent cities, which are recognized county-equivalents.

5.2.6. Circumstances of admission

At the WCV, contact with the rescuers is made through the front desk staff, who
documents all the information regarding the animal admitted. The circumstances of admission
refer to the reason why the animal is being brought to care. Based on the history told by the
person who found the animal and combined with the knowledge of WCV employees, the
circumstances of intake are determined. In this study, the circumstances leading to a Bald
Eagle’s admission to the WCV are divided into 12 categories:
1) Animal interaction — consists of contact with a domestic animal (such as dog or cat) or
non-domestic, which led directly or indirectly to the animal’s admission. This last subcategory
can be further divided into: “different species” or the “same species”, as fights between
conspecifics can occur due to territorial reasons.
2) Collision — concerns impact with moving objects (such as cars, trucks, motorcycles or
other vehicles), as well as a collision with stationary objects (such as walls and doors).
3) Electrocution — contact with an energized power line, resulting in a flow of electricity
through the animal’s body leading to a need to be taken into care.
4) Entrapment - confinement and restrict movement causing the animal to be entrapped
and unable to move freely. This may be due to capturing devices (such as traps and fishing
gear) or from others whose primary function is different from capturing animals (such as
fences, sporting gear, and landscaping netting).
5) Environment — it contemplates environmental conditions such as extreme weather that
directly or indirectly affected the animal and caused its admission. For example, cases of

severe weather conditions that disoriented the animal.
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6) Inappropriate human possession — this category includes any case where wild animals
are removed from their natural habitat and are in human possession, in which the intent can
be to be rescued or to be kept as a pet, for unauthorized or untrained rehabilitation.

7) Nest and Habitat disturbance — refers to the disturbance or destruction of a nest or
habitat leading to the animal’s injury or displacement.

8) Orphan — includes displaced healthy or injured young animals that are dependent on
their progenitors for survival but there is a considerable probability that parents have not
returned to care for the young or have rejected the youngsters.

9) Petrochemicals / Grease — includes petrochemicals (such as oil, grease, paint, or other
products) that may affect the animal found and contribute to its capture.

10)  Projectile — includes any propelled object that affects the animal (such as a gunshot,
shotgun, rifle, handgun, air gun and BB gun).

11)  Referral — consists of the transfers of animals from one rehabilitation facility to another
for further rehabilitation, which can be divided between a facility of origin having the adequate
permit or not.

12)  Undetermined — this category encompasses all unknown events and indeterminate
causes. In the context of this study, most cases refer to when rescuers find Bald Eagles that

are grounded, and not able to fly or move for a long period, but the cause is not certain.

5.2.7. Blood Lead Concentration Analysis

The WCV’s intake protocol for raptors includes the collection of a blood sample for the
analysis of blood lead concentration. If possible, blood samples are collected from the basilic
vein; other options include the jugular vein and tibiotarsal vein (Doneley 2016) (Figure 8).
Upon collection, the blood sample is transferred to a heparin tube and awaits the blood lead

quantification.

Figure 8 - Blood collection in the basilic vein of a Bald Eagle.
Source: The Wildlife Center of Virginia




The amount of lead in the blood samples was determined by the LeadCare® II Blood

Lead Analyzer, using the technique of Anodic Stripping Voltammetry (ASV) (Figure 9).

Figure 9 - The LeadCare® Il Blood Analyser.
Source: original.
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The ASV relies on two electrochemical reactions: the reduction process that results in
the ionized lead form receiving two electrons and converting to its metal form, due to a high
negative potential. The other reaction is the stripping cycle, which occurs when the electrode
potential is shifted from a negative to a more positive value, reaching a potential at which lead
oxidizes/reduces. Leading to the neutral lead giving up its two electrons and returning to its

original ionized state. The electron transfer that occurs creates an electrical current that is

directly proportional to the concentration of lead in the sample. The LeadCare® Il Blood Lead
Analyzer kit contains a Treatment Reagent tube with 250 pL of the diluted hydrochloric acid
solution, in which the whole blood is added. After the blood is mixed with this reagent it is
placed on the system’s sensor, composed of gold particles. Using controlled potential
electrolysis at -530 mV, after 140 seconds a square-wave waveform is superimposed on the
gold particle electrode. This results in the deposited lead being stripped off the gold particles.
The area of the resulting lead peak is converted to a temperature-corrected blood lead
concentration by comparison to an internal calibration curve stored in the electronics module
(Figure 10).
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Figure 10 - Steps to perform a blood lead analysis of a blood sample on the
LeadCare® Il Blood Lead Analyzer.
Source: original

Legend: A) From the blood sample, the capillary tube is filled until the black line, holding it with a green
band on top; B and C) The full content of the capillary tube is dispensed to the place the treatment
reagent tube, with the help of a plunger; D) The treatment agent tube is inverted 8 to 10 times to mix
the sample completely, until it turns brown; E) The sensor is inserted completely into the analyzer; F)
With the transfer dropper, a small of the sample is drawn; G) The dropper tip is placed on the X on the
sensor and drop is put.; H) The analyzer displayed a message to wait 3 minutes (180 seconds); |) The
test results are provided.

The result is given in micrograms (ug) of lead per deciliter (dL) of whole blood.
However, the WCV team converts it to part per million (ppm) to ease the comparison between
other reference facilities and laboratories. The reportable range of the test is 3.3 to 65 pg/dL
(0.033 ppm to 0.65ppm) meaning the window displays Low when the result is less than 3.3
ug/dL (0.033 ppm) and it displays High, indicating a blood lead test outcome greater than 65
ug/dL (0.65 ppm).

In this study, blood lead concentrations 20.2 ppm were considered as having elevated
lead levels, while concentrations <0.2 ppm were classified as having background levels of
lead. The decision to assign blood lead levels with elevated or background was based on lead
exposure categories reported by Franson and Pain (2011), in which blood lead concentrations
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> 0.2 ppm are considered to result in sub-clinical lead poisoning. Moreover, Cruz-Martinez et
al (2021) also utilized this categorization of lead concentrations, which simplifies the

description and analysis of data, thus, facilitating the comparison and discussion of results.

5.3. Software for data recording and analysis

5.3.1. Microsoft Excel

Using Microsoft® Office 365 Excel version 220544 was used for an exploratory data
analysis. This provided a comprehensive overview of the information and enabled the
identification and exclusion of any conflicting data and the creation of tables and graphs. The
absolute and relative frequencies of the qualitative variables were determined, as well as the
maximum and minimum values of the quantitative variables. Thus, it was possible to determine

the most appropriate statistical test for each group of data.

5.3.2. R software

To further characterize and interpret the data obtained, The R Project for Statistical
Computing, version 4.2.3. for macOS 11 was used.

To assess statistical associations between life stage, body weight, body condition
scores, county of rescue, year, month of admission and blood lead concentrations, the
Pearson’s chi-squared test was used and in cases of the expected cell counts less than 5, the
Fisher's Exact Test was applied. In order to evaluate and quantify the strength of these
associations, Odds ratio (OR) was estimated.

For all statistical tests applied, it was used a 95% confidence interval, meaning the
results were only considered statistically significative when p < 0.05

To estimate the caseload trend during the study period a linear regression model was
used. The linear regression can be used to identify any overall patterns or trends in the number
of cases over time by determining whether the number of cases would increase or decrease

over time.
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6. Results

6.1. Sample description

This study investigated 191 Bald Eagles. All eagles that arrived deceased or were
euthanized at admission without having blood lead concentration measured (n = 50) were
excluded.

Eagles were distributed into two groups: the elevated group, referring to blood lead
concentrations = 0.2 ppm and the background group considering cases with blood lead

concentrations < 0.2 ppm.

6.1.1. Life stage

The population sample of this study consisted of 128 (67.0%) adults, 48 juveniles
(25.1%), 13 fledglings (6.9%) and 2 hatchlings (1.0%).

Regarding blood lead concentrations, the elevated group consisted of 45 adults
(84.9%) and 8 juveniles (15.1%), meanwhile, fledglings and hatchlings did not have any cases
of lead concentrations = 0.2 ppm. The background group is comprised of 83 adults (60.1%),
40 juveniles (29.0%), 13 fledglings (9.4%) and 2 hatchlings (1.4%).

Graph 2 - Absolute frequencies of life stages on the Bald Eagles investigated.
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6.1.2. Weight

Body weights varied between 0.4 kg and 5.31 kg, with an average weight of 3.25 kg
and a median of 3.0 kg. As mentioned in section 5.2.2., body weights were divided into 6
groups: <1kg, 1kg to <2kg, 2kg to <3kg, 3kg to <4kg, 4kg to <5kg and > 5kg. The distribution
was the following: 2 eagles with <1kg (1.4%), 4 eagles with 1 to <2 kg (2.2%), 51 eagles with
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2kg to <3kg (26.1%), 92 eagles with 3kg to <4 kg (45.7%), 40 eagles with 4kg to <5kg (23.2%)
and 2 eagles with >5 kg (1.4%).

Based on lead levels at intake, the elevated group revealed the following distribution:
in 3kg to <4 kg with 29 cases (54.7%), in 2kg to <3 kg with 15 cases (28.3%) and 4kg to <5kg
with 9 cases (17.0%). In addition, the body weights of the elevated group ranged from 2.05kg
to 4.91kg, with an average weight of 3.40kg. The background group showed an average
weight of 3.36kg, ranging between 0.4kg to 5.31kg.

Graph 3 - Absolute frequencies of weights on the Bald Eagles investigated.
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6.1.3. Body condition

The average body condition score at intake was 2.12 and a median of 2, with scores
ranging from scores of 4 to 1. As previously stated in section 5.2.3., to facilitate the analysis
of data, body conditions scores were divided into 4 categories: >1 to <2, >2 to <3, >3 to <4
and >4 to <5. The category with the most prevalence in the population sample was >2 to <3
with 104 eagles (54.5%), followed by >1 to <2 with 56 eagles (29.3%), then >3 to <4 with 30
eagles (15.7%) and lastly >4 to <5 with 1 eagle (0.5%).

The category of >2 to <3 was also the most prevalent in the elevated group with 33
eagles (63.2%), followed by category >1 to <2 with 12 eagles (22.6%), category >3 to <4 with
7 eagles (13.2%) and lastly, category >4 to <5 with only one eagle (1.9%) This group had an
average body condition of 2.26, scores ranging between 1 to 4, whereas the background group

had an average body condition of 2.06 ranging from 1 to 3.5.
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Graph 4 - Absolute frequencies of body conditions on the Bald Eagles investigated.
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6.1.4. Date of Admission

As far as the number of Bald Eagles admitted each year, during the 5 years of study,
2017 had the highest number of cases, with 49 (25.7%). Following a descending order of 40
cases in 2018 (20.9%), 36 cases in 2020 (18.8%), 34 cases in 2019 (17.8%) and 32 cases in
2021 (16.8%).

Referring to lead analysis, 2017 was also the year with more cases with concentrations
> 0.2 ppm, accounting for 16 cases (30.2%). While 2020 had 13 cases (24.5%), 2019 had 9
cases (17.0%), 2021 had 8 cases (15.1%) and 2018 had 7 cases (13.2%).

Graph 5 - Absolute frequencies of the number of Bald Eagles investigated by year of
admission.

33

2017 2018 2019 2020 2021

m Elevated Background

32



When analyzing the month of admission, relative frequencies were the following: 17
January (8.9%), 13 February (6.8%), 21 March (11.0%), 15 April (7.9%), 26 May (13.6%), 28
June (14.7%), 13 July (6.8%), 6 August (3.1%), 10 September (5.2%), 10 October (5.2%), 20
November (10.5%) and 12 December (6.3%). The month of June had the most cases of Bald
Eagles, while August was the month that had the least.

Whereas January was the month with more eagles in the elevated group, with 11
individuals (20.8%). Followed by December and March with 8 individuals (15.1%), then
November with 7 individuals (13.2%), February with 6 individuals (11.3%), May with 4
individuals (7.5%), October and April with 3 individuals (5.7%), June with 2 individuals (3.8%)
and September with only one individual (1.9%).

Graph 6 - Absolute frequencies of the number of Bald Eagles investigated by
month of admission.
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6.1.5. County of rescue

The counties of rescue were comprised of 63 counties and independent cities, with the
maximum of cases per county being 13 and 27 counties having just one case. Relative

frequencies and absolute frequencies are represented in Annex lll.
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Graph 7 - Distribution on the map of Virginia of absolute frequencies by county
and the independent city of the rescue of the Bald Eagles included in this study.
Source: Created with Datawrapper
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The distribution of the elevated group was by 29 counties, ranging from 6 cases in The

o

King George County to only 1 case in 13 counties (Annex IlI).

Graph 8 - Distribution on the map of Virginia of absolute frequencies of cases of “Elevated”
blood lead concentrations by county and the independent city of the rescue
of the Bald Eagles investigated.
Source: Created with Datawrapper
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6.1.6. Circumstances of rescue

The most prevalent circumstance of rescue was “undetermined”, with 106 Bald Eagles
having an undermined reason for admission (55.8%). As far of the rest categories, the
distributions were the following: 11 cases were “animal interaction” (5.8%), 31 cases were
“collision” (16.6%), 3 cases were “electrocution” (1.5%), 3 cases were “entrapment” (1.5%), 2
cases were “environment” (1.0%), 1 case was “habitat disturbance” (0.5%), 2 cases were

“‘inappropriate human possession” (1.0%), 3 cases were “orphan” (1.5%), 1 case was
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“petrochemicals/grease” (0.5%), 13 cases were “projectile” (6.6%) and 15 cases were a
referral (7.7%) (Graph 9).

Graph 9 — Absolute frequencies of circumstances of rescue of the Bald
Eagles investigated.

Animal interaction 5.8%
Collision 16.6%

Undetermined 55.8%
Inappropriate human

possession 1.5%
Orphan 2%

Petrochemicals / Grease

0.5%
Projectile 6.6%

Referral 7.7%

While in the elevated group the circumstance of rescue with most cases was also
undetermined with 36 cases (66.7%), followed by referral and collision, with 6 and 5 cases
respectively (9.3%), the animal interaction and projectile with 2 cases (3.7%) and lastly
electrocution, entrapment, environment and petrochemicals/grease with only 1 case (1.9%).

Graph 10 - Absolute frequencies circumstances of rescue of the Bald Eagles investigated.
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6.1.7. Blood lead concentration

Concerning blood lead concentrations at admission, if considering the limited of
detections of the LeadCare® Il Blood Lead Analyzer, the results were: 47 cases with <0.033
ppm (24.6%), 121 cases with 0.033ppm to 0.65ppm (63.4%) and 23 cases with >0.65ppm
(12.0%). Meaning, 75.4% of the Bald Eagles from this study had detectable blood lead

concentration (>0.033 ppm).

Graph 11 - Absolute frequencies of blood lead concentrations at intake of the Bald Eagles
investigated, by the limits of detection of the LeadCare® Il Blood Lead Analyzer.
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Based on the classification of Franson and Pain (2011) for blood lead poisoning
concentrations: elevated (=0.2 ppm) and background (<0.2 ppm). The elevated group included
53 Bald Eagles (28%), while the background group included more Bald Eagles with 138 (72%).

6.2. Statistical analysis

The association between the variables of life stage, body condition, body weight, month
and year of admission circumstances and county of rescue presented on intake with the
outcome of blood lead concentrations categorized as elevated versus background, were
tested through Chi-squared test, Fisher’s exact test and Odds Ratio (see Annex IV and Annex
V).

First, the parameters when analyzed in groups, life stage (p=0.0027), month of
admission (p=8.33e-06) and county of rescue (p=7.621e-07) were the only with a p<0.05,
revealing an association statistically significant with the outcome of blood lead concentrations.
While parameters such as body weight (p=0.735), body condition (p=0.196), year of admission
(p=0.394) and circumstances of rescue (p=0.363) showed an association with not statistical
significance.

Secondly, parameters with an association statistically significant were analyzed
individually. The results indicated that adults (OR=3.7; IC 95% [1.57;9.8]; p=0,001) and
admissions in January (OR=5.7; IC 95% [1.8;19.9]; p=0,001) had higher chances (OR<1) of
having elevated blood lead concentrations. Despite February (OR=2.3; IC 95% [0.6;8.7];
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p=0.19), March (OR=1.7; IC 95% [0.57;4.78]; p=0,30), October (OR=1.12; IC 95% [0.18;5.15];
p=1), November (OR=1.46; IC 95% [0.46;4.23; p=0,43) and December (OR=1.32; IC 95%
[0.27;5.21]; p=0,74) also presenting higher odds of exhibiting the outcome of elevated (OR<1),
these variables had a p>0.05. Moreover, these months also had a confidence interval for the
odds ratio including the value of 1, which means that it is not possible to conclude the existence
of a statistically significant association.

While admissions admission in June (OR=0.17; IC 95% [0.02;0.72]; p=0,006) had
lower odds (OR<1), this indicates that there is a negative association between the two
variables. Other variables such as juvenile (OR=0.43; IC 95% [0.16;1.04; p=0,06), April
(OR=0.63; IC 95% [0.11;2.47]; p=0,74), May (OR=0.43; IC 95% [0.10;1.36]; p=0,16) and
September (OR=0.27 ; IC 95% [0.006;2.08]; p=0,28) also had lower odds (OR<1), but the
p>0.05.

Some variables indicated no association with the outcome studies (OR=0) and not to
be statistically significant. These are the case of fledgling (OR=0; IC 95% [0;0.81]; p=0,16),
hatchling (OR=0 ; IC 95% [0;13.91]; p=0,16), July (OR=0; IC 95% [0;0.8]; p=0,16) and August
(OR=0; IC 95% [0; 2.19]; p=0,16).

Although the county of rescue showed to be statistically significant (p = 7.621e-07), the
odds ratio was not performed. The distribution of county of rescue data resulted in insufficient
data, with cell frequencies very low (Annex Ill). In this case, it would not be appropriate to draw

any conclusion from the analysis.

6.2.1. Number of cases tendency from 2017 to 2021

A linear regression examination was performed to investigate further the number of
cases per year in the three groups (elevated, background and overall) throughout the five
years of study. The elevated group did not show to be statistically significant (B=2029.6, t=-
0.80, R?=-0.42, F (1,3)=0.64; p>0.05), whereas the background and overall group revealed
to be, (B=5680.8, t=-3.36, R?= -0.89, F (1,3)=11.30; p<0.05) and (B =7710.4, t =-3.45, R? =-
0.89, F (1,3)=11.90; p<0.05) respectively.
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Graph 12 — Linear regression of cases of Bald Eagles by year of admission in the elevated
group, background group and overall group.
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7. Discussion

The sample population mainly consisted of adult individuals (67%) and was also the
predominant life stage (85%) in the elevated blood lead concentration group, which is
consistent with previous studies (Craig et al. 1990; Hunt et al. 2006; Cruz-Martinez et al. 2012;
Warner et al. 2014). Conversely, juveniles accounted for 25% of the sample population and
only 15% of the elevated group. The statistical analysis also revealed life stage to be
statistically significant (p = 0.0027), with adult Bald Eagles having greater odds (OR = 3.7;
1.5<0OR<9.8) of exhibiting blood lead poisoning.

Cruz-Martinez et al. (2012) investigated 1277 bald eagles admitted to the Raptor
Center of the University of Minnesota from 1996 to 2006. Adult individuals were the most
represented group in the sample and in the group with elevated levels. This result may be
associated to the aggressive behavior of adults feeding in contaminated scavenging sites
during winter, leading them to have first choice at consuming the carcasses and likely
choosing tissues at bullet wound sites (Saito 2009; Buehler 2022 Oct 7). Another explanation
for this finding is that Bald Eagles are exposed to lead throughout their lifespan, resulting in
lead being stored in internal tissues and bone (Barbosa et al. 2005; Franson and Pain 2011).
Thus, adults are more prone to accumulate a higher total lead body burden (Slabe et al. 2019).
Moreover, blood lead concentrations indicate current exposure or mobilization of lead
previously stored (Franson and Pain 2011).

The representation of hatchlings and fledglings in the population was relatively low,
accounting for only 1% and 7%, respectively, and there were no reported cases of blood lead
poisoning among these life stages. Yet, there is a lack of studies of lead’s impact on Bald
Eagle nestlings in comparison to adults. Furthermore, in studies reporting lead concentrations
in live nestlings it is applied the same threshold of lead concentrations used for adults, which
might not be accurate (Anthony et al. 1993b; Bruggeman et al. 2018; Slabe et al. 2019).
Studies have shown that younger birds are more sensitive to the effects of lead (Burger et al.
1994; Gochfeld 2000). Despite these limitations, Bruggerman et al (2018) performed a blood
analysis in 188 nestlings revealing 43% of blood lead concentrations below the limit of
detection, while the remaining 57% of concentrations ranged from 0.002 ppm to 0.264 ppm,
with only one individual having a blood lead levels = 0.02ppm. This study also showed a
correlation in lead concentrations between siblings from the same nest, indicating they receive
similar exposures. Another study showed similar blood lead concentrations between Bald
Eagles and Ospreys nestlings, associated with a common food source, the fish, which was
sampled from the area studied and had lead concentrations above the limit of detection (Slabe
et al. 2019).

These findings could potentially be attributed to the fact that nestlings are born in

spring, after the fall hunting season of ungulates and upland, and fish usually comprises most
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of their diet (Bruggeman et al. 2018; Buehler 2022 Oct 7). Therefore, they are less likely to
consume carcasses contaminated with lead ammunition, a common source of lead poisoning
(Bruggeman et al. 2018). Unlike adults, nestlings need to have recent exposure to lead to
have blood lead concentrations, which can come from sources such as fishing tackle, spent
ammunition and prey with lead in their tissue (Scheuhammer and Norris 1996; Fisher et al.
2006). Additionally, there is evidence that young birds, in their growing phase, absorb and
deposit lead into the bone at higher rates, resulting in lower concentrations in blood and soft
tissues (Pain et al. 1995).

Referring to weights at intake, the 3kg to <4 kg was the weight category more present
in the sample (48%) and elevated group (55%). This result is not consistent with the fact that
adults were the life stage predominant in both groups and weights averages vary between 4kg
to 5 kg, depending on gender (Dunning 2008). Moreover, the second weight category more
frequent in the groups in question was 2kg to <3kg and then followed by 4kg to <5kg.
Nevertheless, it is worth noting that animals admitted to wildlife rehabilitation facilities are often
in poor health or debilitated and have low body condition scores, which may add bias to the
weight values. In addition, lead poisoning can affect body mass, by decreasing fat reserves
and muscle (Golden et al. 2016; Pain et al. 2019). However, in the present study, the variable
weight was not associated with the outcome of elevated or background blood lead
concentration levels (p=0.7351).

The weight distribution bias could explain the fact that the average weight of the
elevated group was 3.40kg, being more than the average weight of the background group,
3.36kg. The background group had a wider range of values, including life stages with lower
body masses, compared to the elevated group which was comprised mainly of adults. These
findings oppose the results of Franson and Russell (2014), which showed the group with lead-
poisoned Bald Eagles was considerably lighter than the non-lead-poisoned eagles.

Body condition is closely related to the variable of weight and was not statistically
significant (p= 0.196). The same was observed in the study of Warner et al. (2014), where
lead concentrations and body conditions were not significantly statistically correlated.

The elevated group showed an average body condition of 2.26, with scores ranging
between 1 to 4. These results were notably higher and more varied than the background
group, which presented an average of 2.06 and a range of 1 to 3.5. Since non-adults comprise
40% of the background group, it is relevant to consider that young birds often have often lower
body condition scores compared to adults due to their flight muscles are not fully developed
(Scott 2021). This may lead to lower body condition scores, especially since the admission
records are made by externs at the WCV, which are mainly students who may not be so

experienced.
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In a study of Bald Eagles experimentally dosed with lead, emaciation was the major
gross lesion reported (Pattee et al. 1981). In acute exposure to lead, animals typically exhibit
good body condition, compared to chronic cases of lead, often associated with poor body
condition (Franson and Pain 2011). This might justify the Bald Eagles in this study with body
condition scores of >3 to <4 and >4 to <5, which might suggest lead poisoning cases of acute
nature, rather than chronic. According to Franson and Russell (2014) results, more than half
of the Bald Eagles with lead poisoning were characterized by emaciation or poor body
condition. This was not observed in the presented results of the elevated group, only 23%
were categorized with scores of thin (>1 to <2) and 62% were under-conditioned (>2 to <3).

The year of admission also not revealed statistical significance (p=0.3943). However,
a linear regression test was applied to investigate the number of cases per year in the
elevated, background and overall groups throughout the period of study. The elevated group
was not statistically significant, while the background and overall group were and showed a
significant decrease in the number of cases. This tendency is contrary to the total of cases the
WCV has admitted in this 5-year time, which progressively increased (2017: 2,768; 2018:
3,162; 2019: 3,345; 2020: 3,727; 2021: 3,804). The decrease in the number of Bald Eagles
admitted may be a sign of improvement in social awareness, better conservation efforts and
a decrease in this species’ threats. Other factor that might influenced these results are
changes in the migration patterns of Bald Eagles or in the number of nesting pairs in Virginia.
Although, according to the Wildlife Report, the number of nesting pairs in the Atlantic Flyway
has increased compared to the 2016 report (U. S. Fish and Wildlife Service 2020). It also must
be considered that this study only included animals that were admitted alive and stayed in
care, since the animals that were euthanized after the physical exam did not have the lead
concentrations measured. Hence, there could be some biases, since not all Bald Eagles
admitted at the WCV were included in this study.

As far as the number of Bald Eagles in the elevated group, the year 2020 was the
second year with highest cases and no conclusion could be assessed regard the linear
regression. Research studies investigating lead levels tendency in Bald eagles produced
varied results, with some indicating an increase while others showing the opposite (Cruz-
Martinez et al. 2012b; Bruggeman et al. 2018). Nevertheless, it is important to note that each
study has unique characteristics, such as sample size, geographical locations and exclusion
criteria that make direct comparisons difficult. Therefore, it is important to consider a range of
studies and to evaluate each one individually, taking into account its specific design and
limitations.

The month of admission revealed to be statistically significant (p= 8.33e-06). The
statistical analysis showed that admissions in January have greater odds of exhibiting blood
lead poisoning (OR = 5.7; 1.8<OR<19.9). While admissions in February, March, October,
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November and December also have higher odds, but were not statistically significant p>0.05.
These temporal results are in agreement with previous studies, which have associated this
lead poisoning seasonality with hunting season (Neumann 2009 Jan; Redig 2009; Strom et
al. 2009; Cruz-Martinez et al. 2012; Slabe et al. 2022).

In Wisconsin, a study showed an increased prevalence of lead poisoning in Bald
Eagles during October and January which overlaps with hunting season suggesting lead
ammunition as primary source of exposure (Strom et al. 2009). Whereas in the Neumann
(2009) study, cases of lead poisoning increased through the winter, more specifically
December and January, during the peak of the deer harvest season. Another spike of cases
in March was observed, which was not detected in this study. A possible hypothesis for this
finding is migration movements during spring, involving eagles traveling across the country
passing through Wisconsin. Therefore, deer carcass scavenging opportunities could have
been expanded. While in May there were no documented lead poisoning cases and cases
were only seen in October. According to Neumann (2009), the timing of poisoning cases is
not linked to upland game hunting, since it happens mainly during October and pheasant and
rabbit carcasses are less available due to weather conditions, unlike deer carcasses.

Cruz-Martinez et al. (2012) identified a seasonal pattern of elevated levels of lead in
eagles starting in October and December and January having the most cases. In addition, the
study also stated that the proportion of cases, declined from February to May. Comparing to
this study, the results were the same, except December that had the same number of cases
such as March and the decline was until June. Although June was the month with more Bald
Eagles admitted overall, it was the month with lower odds of having blood lead poisoning (OR
= 0.17; 0.01<OR<0.7). In addition, admission in April, May and September also have lower
odds, but showed no statistical significance p>0.05.

Slabe et al. (2019) conducted a study on piscivorous raptors, Ospreys and Bald
Eagles, in the Chesapeake Bay region of Maryland and Virginia. They found lead in fish, a
shared food source. As a result, during breeding season when the diet of these two species
consists of mainly fish, the blood lead concentrations were similar. However, during the non-
breeding season, Bald Eagles showed higher concentrations, which must be due to diet
variations, such as scavenging habits during the winter, unlike Osprey (Bedrosian et al.
2012b). Through seasonality and based on the differences between lead concentrations and
feeding habits of both species, it supports the idea that spent ammunition can be a lead
source.

In the state of Virginia, white-tailed deer hunting is the most popular game species,
representing 90% of hunting licenses purchased. This species' population is estimated to be
between 850000 to 1000000 deer in Virginia, with 190582 deer harvest in 2021 (Graph 12).

42



The hunting season for deer in Virginia varies depending on the county and hunting method

used. In general, the use of firearms for hunting deer starts in October until March.

Graph 13 - Virginia deer harvest from 1947 to 2022.
Source: Virginia Department of Wildlife Resources.
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When a deer is hunted, it is common to undress the carcass and leave the offal pile in
the field. This contaminated viscera is ingested by scavenging species, including Bald Eagles
(Bedrosian et al. 2012; Warner et al. 2014). In a study that collected and radiographed offal
piles from deer hunted with shotguns or a muzzle load firearm, 36% of the offal piles contained
lead fragments (Warner et al. 2014). Another study investigating eviscerated deer killed with
lead bullets, 74% of the carcasses had more than 100 visible fragments. Moreover, 90% of
offal piles contained lead fragments (Hunt et al. 2006).

Based on the high numbers of deer harvest in Virginia, feeding habits of Bald Eagles
and seasonality in lead exposure, spent ammunition seems to be closely linked to lead
poisoning in this species.

There are still lead poisoning cases occurring outside of the hunting season that may
be attributed to other sources of lead in the environment. Bald Eagles are known to prey upon
waterfowl, particularly when waterfowl populations are abundant (Buehler 2022 Oct 7).
Despite the lead ban on waterfowl hunting, legacy lead shot is still present in the environment.
Therefore, waterfowl can unintentionally ingest and become exposed to lead (Bellrose 1959;
Redig and Arent 2008). Additionally, Bald eagles as a piscivorous species can be also
exposed to lead-contaminated fish and consequently, lead-based fishing equipment

(Scheuhammer et al. 2003; Slabe et al. 2019). While other potential sources of lead, such as
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industrial waste and mining exist in the environment, it is unlikely that Bald Eagles would be
frequently exposure to these sources (Warner et al. 2014). Moreover, the literature does not
provide any documented examples of such exposure occurring.

Referring to the county of rescue, although the variable showed to be statistically
significant (p=7.621e-07), further analysis were not performed because most of the counties
of rescue in the elevated group only accounted for one case, thus it would be impossible to
draw conclusions.

It is important to highlight that the location of the rescue of the Bald Eagle is not
indicative of the place where the animal was exposed to lead. Hence, it becomes difficult to
make reliable inferences about the source and extend of the lead contamination base upon
solely this variable.

Previous studies included place of rescue as a parameter but categorized it in different
ways. In the study of Cruz-Martinez et al. (2012) the recovery location was categorized as
recovered from either the rifle or shotgun zone, based on the legal firearm deer hunting zone
prescribed by the departments of resources in each year. In some cases, the location was
categorized as unknown, when the information was not available. The analysis showed that
eagles recovered from the rifle zones had a higher risk for elevated lead levels as compared
to those that were recovered from shotguns. Redig (2009) investigated the correlation
between the recovery location and deer hunting zones. His results were that more cases of
Bald Eagles lead poisoned occurred in deer hunting rifle zones.

While the circumstance surrounding an animal’s rescue can provide valuable insight
into the condition upon admission to a wildlife rehabilitation center, such assessments are
inherently subjective and rely on the competences and knowledge of the rescuer. In this study,
this variable was not statistically significant with blood lead concentrations (p=0.3631).

The circumstance of rescue with more cases of high blood lead concentrations was
undetermined, as it was also the most common cause of admission. This finding is most likely
associated with the wide range of effects that lead can cause on an animal’s physiology and
behavior (Golden et al. 2016). These effects may include impaired locomotion, coordination,
growth, body and organ mass, thermoregulation, vision, foraging and feeding, as well as
dysfunction in the neurological, cardiological, gastrointestinal, reproductive and immunological
systems (Cory-Slechta et al. 1980; Lumeij 1985; Grasman and Scanlon 1995; Gochfeld 2000;
Lee et al. 2001; Tobias Krause et al. 2006). As a result of these complex and varied effects,
the animal might be unable to fly or move properly, making it easier to catch and admit to a
rehabilitation center. However, the underlying reason for its impaired mobility may be
multifactorial and difficult to ascertain.

Despite the decrease in human persecution of Bald Eagles, 12.2% of the study’s

population of Neumann (2009) had projectile injuries, in comparison with the 6% found in this
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research. These injuries could be the result of various human activities, such as hunting,
shooting or accidental discharge of firearms. Interestingly, only two of these cases had high
lead blood concentrations, which is not entirely surprising. Lead fragments from ammunition
can be absorbed more quickly into an animal's bloodstream if in contact with an acidic
environment, such as the digestive system (Golden et al. 2016). In contrast with fragments in
other tissues, such as muscle, in which lead will be absorbed over time. While projectile
injuries can cause physical damage to the animal’'s tissue and organs, they do not always
result in lead exposure.

As far as subclinical incidents, individuals can present different body condition scores
and typically have other admission causes (Redig and Arent 2008). Sublethal exposures can
affect health directly, as well as make individuals more susceptible to other threats, namely
predation, collisions with objects, hunting and others illnesses (Hunt 2012). Nevertheless, the
correlation between causes of death and lead exposure is difficult to accurately establish, thus,
the population impact in certain bird species is likely being underestimated (Hunt 2012).

Bald Eagles admitted due to inappropriate human possession, habitat disturbance and
orphan did not have any documented cases of blood lead poisoning. This result was expected,
since these are admission motives mostly associated with younger animals and elevated
blood lead concentrations were more frequent in adult individuals in this study. As for referrals,
when an animal is transferred from another wildlife rehabilitation center, the true circumstance
of rescue is not recorded, which could lead to some bias.

This study found that 28% of the admitted Bald Eagles had blood lead concentrations
of 0.2 ppm or higher, a result similar to the study conducted by Cruz-Martinez et al. (2012),
which reported that 26% of the individuals with elevated lead concentrations, =0.2 ppm.
However, it is relevant to emphasize that there is no consensus on blood lead concentration
thresholds for specific species, as most concentrations values are established for birds as a
whole or by order, such as for Falconiformes (Franson and Pain 2011). For instance,
experimental lead poisoning studies in Turkey Vultures and Bald Eagles shown different levels
of sensitivity to lead burden (Pattee et al. 1981; Carpenter et al. 2003). These findings suggest
the need to establish species-specific thresholds for lead exposure. As a result, Ecke et al.
(2017) proposed 0.025 ppm for Golden Eagles as threshold for blood lead concentration, while
Cade (2007) study proposed 0.1 ppm for the California Condor.

The prevalence of detectable blood lead concentrations was 75% in the sample
population. Although the concentrations were not considered poisoning, studies show the
several effects that sub-lethal exposure of lead may have. In fact, sub-lethal concentrations of
lead may induce morphological, physiological and behavioral effects (Hoffman et al. 1981;
O’Halloran et al. 1989; Gochfeld 2000; Kelly and Kelly 2005; Hunt 2012; Ecke et al. 2017).

Additionally, studies proposed that Bald Eagles with sub-lethal concentration of lead become
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more susceptible to other causes of morbidity and mortality and could hinder the population

growth of this species (Kiladmer and Redig 1997; Neumann 2009 Jan).
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7.1. Limitations of this Study

This chapter discusses the study's limitations, namely factors to consider when
interpreting the results. ldentifying and acknowledging these limitations is crucial to
understand the results and make informed conclusions. By being transparent about potential
sources of error, the validity of results can be better evaluated and help the design of future
studies.

Beginning with the usage of a single blood sample to determine lead poisoning.
According to Fry (2009), sporadic monitoring of lead concentrations in the blood of live birds
is inadequate, as it may fail to capture peak values or entire exposure events due to lead’s
short half-life in blood. A single sample provides only information on concentrations at the time
of collection and does not indicate whether the levels are increasing, decreasing, or stable, or
whether birds that were previously exposed still have detectable lead in their blood (Haig et
al. 2014). Furthermore, blood lead concentrations from blood can occur from either current
exposure or mobilization of lead previously stored in internal tissues (Barbosa et al. 2005).
Lead is stored in bone from past exposure events and can be mobilized and released to blood
and tissue regularly, thus causing increased blood lead concentrations during eggshell
production or periods of physiological stress (Franson and Pain 2011, Langner et al 2015).
These limitations most likely led to underestimating the true pervasiveness of lead within the
Bald Eagles investigated in this study. Nonetheless, collecting blood successively leads to
stress and could ultimately worsen the prognosis of the animal. In addition, our sample
population included only live birds and measuring lead concentrations in live animals is usually

done through blood analysis (Redig and Arent 2008).

Another limitation of this study was the usage of the LeadCare® Il Blood Lead Analyzer
to measure blood lead concentration. The analyzer range of detection is from 0.033ppm to
0.65ppm. One way to address the limitation of a sample being out of the detection range would
be to dilute the sample and through estimates determine the actual concentration. Although,
this is not an accurate method and could lead to more errors. Another option would be to send
the blood sample to another facility to be measured the exact concentration. As a result, a
more comprehensive understanding of the scope of blood lead concentrations could be
achieved. Although this is a common practice in samples >0.65 ppm at the WCV, it is not
always applied. This happens due to the cost involved and not being a prioritized action, since
the information would not change the treatment for the patient at the WCV. Additionally, it must
be considered that the precision and accuracy of measurements within the detection range of
0.033ppm to 0.65ppm may be influenced by factors such as machine calibration, which could
introduce measurement error.

Lastly, this study’s results may have been impacted by the uneven distribution of
animals across life stages, which could introduced errors and affected the accuracy of some
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conclusions. Moreover, the inability to determine the gender of the individuals reduced the

amount of knowledge produced about lead exposure in the Bald Eagles population.
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8. Conclusions

Lead poisoning remains a relevant threat to wildlife with high prevalence in the Bald
Eagle population of Virginia. While it is a complex condition to control, understanding the
factors involved is very important to develop more effective strategies to mitigate it.

This study focused on lead concentrations in the blood of alive rehabilitation patients,
providing a valuable overview of the lead concentrations in Bald Eagles. Despite the limitations
mentioned, it provided a useful insight into the extent of lead exposure in Bald Eagles, as lead
levels were measured in all in-care patients. This information is particularly beneficial for
wildlife centers that do not have access to in-house lead measurement, as lead poisoning is
a common occurrence among birds and can never be entirely ruled out as a possible diagnosis
due to widespread availability.

This study concluded that adult Bald Eagles and admissions in January have higher
odds of having elevated blood lead concentrations, whereas admission in June had, lower
odds of showing blood lead poisoning. These findings are in agreement with previous
published studies.

Similar surveys can provide critical information on short- and long-term of wildlife
species and help identifying sources of toxicants to which they are exposed. None of the seven
variables analyzed can be used as standalone evidence as to the source of the lead, however,
considered as a whole, it is highly likely that spent ammunition was an important source of
lead exposure.

From a One Health perspective, this study highlighted the interconnection between
wildlife and human health, as lead sources are closely linked with hunting activities and other
anthropogenic actions. By using Bald Eagles as sentinels of environmental contamination, this
study sheds light on the potential risks to people who consume game animals, since lead
ammunition can be a source of lead exposure. This way, through research on sentinel wildlife
species, it is possible to monitor environmental, wildlife and human health.

To reduce lead exposure, alternative metals are currently available to replace lead in
ammunition and pose less environmental threats. In addition, there is a growing movement
towards banning the use of lead in ammunition and tackle for hunting and fishing activities, as
well as increasing awareness of the consequences of lead. Several efforts have already been
implemented, such as education campaigns and the removal of lead from environment
through cleanup efforts. This study reinforces the need for the implementation of these
mitigation measures.

Furthermore, lead poisoning could seriously affect wildlife protected species
populations, particularly the case of Bald Eagles, as an apex predator, with long longevity and

late maturity.
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Finally, can never be overemphasized the great value that a well-managed database
from a wildlife rehabilitation center can provide, as a key-source of data to generate
information for a better understanding of wildlife threats, respective conservation actions,

targeted disease surveillance and future improvement of rescue, rehabilitation and release
procedures.
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10. Annexes

Annex | — Open communication and poster abstract presented at the Fauna’s Xl
International Conference, 17" to 19" of March, 2023.

Blood lead poisoning in Bald Eagles (Haliaeetus leucocephalus) in Virginia, U.S.A.,
between 2017 and 2021

Soares S., Pierce K. 2 Almeida V.3
'CIISA — Centre for Interdisciplinary Research in Animal Health, Faculty of Veterinary Medicine, University of Lisbon, Portugal
2The Wildlife Center of Virginia, Virginia, United States of America 3 Associate Laboratory for Animal and Veterinary Sciences
(AL4AnimalS)

Due to its trophic position in the food chain and opportunistic feeding behavior, the
Bald Eagle is prone to bioaccumulate contaminants present in the environment and food
sources (Stalmaster 1987; Cesh et al. 2008; Buehler 2022). Lead toxicity is a historical and
current cause of morbidity and mortality in Bald Eagles (Pattee and Henner 1983; Wayland et
al. 2004). In 2,980 Bald Eagles carcasses submitted for diagnosis to the National Wildlife
Health Center between 1975 and 2013, the main cause of death was poisoning (25.6%), with
lead intoxication accounting for 63.5% of this mortality rate (Russell and Franson2014). There
is strong scientific evidence that the ingestion of spent lead ammunition in contaminated
viscera is a major source of lead intoxication in the Bald Eagle (Bedrosian et al. 2012; Cruz-
Martinez et al. 2012; Bruggeman et al. 2018).

To contribute to further knowledge on this subject, a retrospective study was carried
out on all Bald Eagles admitted to the Wildlife Center of Virginia between 2017 and 2021
(n=191). Data related to life stage, weight, body condition score, blood lead concentration,
month of admission and county of rescue were retrieved from the WildOne information system.
Lead concentrations were measured by using an electrochemical technique called anodic
stripping voltammetry in a LeadCare Il Blood Lead Analyzer. This system has the following
limits of detection: less than 0.033 ppm is reported as “Low” and higher than 0.065 ppm is
reported as “High”.

Results revealed 144 Bald Eagles had detectable blood lead (75%). Additionally,
averages of weights and body score conditions between groups with detectable lead and non-
detectable lead were very similar. The highest incidence of blood lead concentration was
detected in the period from November to March. A possible explanation for this temporal
finding is an association with the deer harvest season. Lastly, lead cases show a wide
geographical distribution. In conclusion, most of the Bald Eagles had detectable blood lead
concentrations, being most frequent among adult individuals. As far as spatial outcomes,

preliminary results indicate that most of Virginia’s Bald Eagle population is affected.

Keywords: Bald Eagle, Lead, Poisoning, Virginia
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INTRODUCTION MATERIALS AND METHODS

Due to its trophic position in the food chain and opportunistic feeding behavior, the Bald Eagle is prone to - Retrospective study of all Bald Eagles admitted to the Wildlife Center of Virginia between 2017 and
bioaccumulate contaminants present in the environment and food sources. 2021 (N=191).

Lead toxicity is a historical and current cause of morbidity and mortality in Bald Eagles. Since 1975-2013, - Variables investigated: life stage, weight, blood lead concentration, body score condition (1-5), the
out of the 2,980 Bald Eagle carcasses submitted to the National Wildlife Health Center, poisoning was month of admission, and the county of rescue.

identified as the cause of death in 25.6%, of which 63.5% was caused by lead.
Lead concentrations were measured on blood samples by the LeadCare Il system that uses an

The literature review reports the ingestion of spent lead ammunition as a major source of lead poisoning electrochemical technique called anodic stripping voltammetry. This system has the following limits of
in the Bald Eagle. In particular, through shots not retrieved or lead-contaminated viscera discarded from detection:
big game animals. ¢ Lessthan 0.033 ppm is reported as “Low”;

* Higher than 0.65 ppm is reported as “High”.

Figure 1 - Two adults and one juvenile Bald Eagle feeding on a deer carcass.

Figure 2 — Adult Bald Eagles admitted at the Wildlife Center of Virginia Figure 3 — Blood collection from the basilic
RESU LTS showing clinical signs of lead poisoning: general listlessness and overall vein in a Bald Eagle.
weakness (A) and neurological impairment (B).

* 47 individuals with non- Adult (> 5 years) 117 (81.3%) 11(23.4%)
detectable blood lead Juvenile (> 6 months) 23 (15.9%) 25 (53.2%) Detectable Lead Detectable Lead
« 144 individuals with Fledgling ( 2- 6 months) 4(2.8%) 9(19.1%) Weight | BCS | Weight BCS | Weight| BCS | Weight  BCS
detectable blood lead Hatchling (< 2 months) 0 2(4.3%)
Average ‘ 33kg | 21 3.0kg 21 |33kg | 21 | 30kg | 27
* 3 out of 4 Bald Eagles, had detectable lead in jictal 0 () e 10026) \
their blood.
Table 1 — Absolute and relative frequencies of blood lead Table 2 — Overall and adults’ averages of weights and body score condition.
concentration by life stage.
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Graph 1 — Monthly absolute frequencies of blood lead concentrations. Graph 2 - Geographical relative frequencies of blood lead concentration by county of Virginia, U.S.A..

DISCUSSION AND CONCLUSION

v’ Most of the Bald Eagles (75%) admitted had detectable lead concentrations in their blood.

v’ Lead cases were most prevalent among adult individuals compared to the other age groups.

v’ Weights and body score conditions between groups with detectable lead and non-detectable lead were very similar, suggesting acute poisoning.

v' The highest incidence of cases with blood lead concentrations higher than 0.65 ppm was from November to March. A possible association with the deer harvest season in Virginia
starting in September until April it’s in progress.

v’ Lead cases had a broad geographical distribution, suggesting that most of Virginia’s Bald Eagle population is affected.

This study highlights the high frequency of lead poisoning in Bald Eagles in Virginia and strengthens the need for conservation efforts.
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Annex lll - Absolute and relative admission frequencies by location of rescue

and blood lead concentrations in Bald Eagles.

County or Independent city of Absolut Relative Elevated | Background
Rescue Frequency | Frequency Group Group

Accomack County 13 6.8% 4 9
Albemarle County 4 2.1% 2 2
Alleghany County 2 1% 0 2
Amelia County 1 0.5% 0 1
Augusta County 3 1.6% 0 3
Bath County 2 1% 0 2
Bland County 1 0.5% 0 1
Botetourt County 1 0.5% 0 1
Buena Vista (City) 1 0.5% 0 1
Campbell County 2 1% 0 2
Caroline County 4 2.1% 2 2
Carroll County 1 0.5% 0 1
Charles City County 1 0.5% 0 1
Charles County 1 0.5% 0 1
Chesapeake (City) 4 2.1% 0 4
Chesterfield County 1 0.5% 1 0
Culpeper County 1 0.5% 0 1
Dinwiddie County 1 0.5% 1 0
Essex County 4 2.1% 2 2
Fairfax County 3 1.6% 1 2
Fredericksburg (City) 2 1.0% 0 2
Giles County 1 0.5% 0 1
Gloucester County 9 4.7% 4 5
Gloucester Countyro (City) 1 0.5% 1 0
Goochland County 1 0.5% 0 1
Greene County 2 1.6% 2 0
Halifax County 1 0.5% 0 1
Hampton (City) 2 1.6% 0 2
Highland County 4 21% 0 4
Isle Of Wight County 2 1.6% 2 0
James City County 8 4.2% 2 6
King And Queen County 5 2.6% 2 3
King George County 11 5.8% 6 5
King William County 1 1% 0 1
Lancaster County 4 2.1% 0 4
Louisa County 4 2.1% 2 2
Mathews County 1 0.5% 1 0
Middlesex County 2 1.6% 1 1
Nelson County 1 0.5% 1 0
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New Kent County 1 0.5% 1 0
Newport News (City) 4 21% 1 3
Norfolk (City) 3 1.6% 0 3
Northampton County 4 2.1% 1 3
Northumberland County 3 2% 1 2
Orange County 1 0.5% 0 1
Page County 3 1.6% 2 1
Pittsylvania County 2 1.0% 0 2
Poquoson (City) 2 1.0% 0 2
Portsmouth (City) 3 1.6% 0 3
Prince George County 1 0.5% 1 0
Prince William County 1 0.5% 0 1
Richmond County 5 3.1% 2 3
Scott County 1 0.5% 0 1
Spotsylvania County 6 3.1% 2 4
Stafford County 8 4.2% 1 7
Suffolk (City) 1 0.5% 0 1
Surry County 2 1.6% 1 1
Sussex County 1 0.5% 0 1
Virginia Beach (City) 12 6.3% 2 10
Washington County 1 0.5% 0 1
Waynesboro (City) 1 0.5% 0 1
Westmoreland County 9 4.7% 0 9
Wythe County 1 0.5% 0 1
York County 2 1.6% 0 2

66




Annex IV — Result of Person’s chi-square test and Fisher’s exact test.

Variable p-value
Life stage 0.0027
Body Weight 0.7351
Body Condition 0.196
Month of Admission 8.338e-06
Year of Admission 0.3943
County of Rescue 7.621e-07
Circumstances of Admission 0.3631
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Annex V — Results of the Odds Ratio.

Predictor
variable OR IC 95% p-value
Life Stage
Adult 3.7 15-9.8 0.001
Juvenile 0.4 0.2-1.04 0.06
Fledgling 0 0-0.8 0.02
Hatchling 0 0-13 1
Month
January 5.7 1.8-19.9 0.001
February 2.4 0.62-8.7 0.19
March 1.70 05-4.7 1.70
April 0.6 0.1-2.4 0.76
May 0.4 0.1-4.7 0.17
June 0.17 0.01-0.7 0.006
July 0 0-0.8 0.02
August 0 0-0.7 0.19
September 0.3 0-2.1 0.28
October 1.1 0.2-5.1 1
November 1.5 05-4.2 0.43
December 1.3 0.3-5.2 0.74

OR (Odds Ratio); IC (Confidence interval).
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