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Abstract

High levels of pollutants often occur in urban environments and can pose a threat to human residents as
well as local wildlife. The Flint, Michigan water crisis was caused by the corrosion of pipe infrastructure,
resulting in high levels of lead (Pb) leaching into the drinking water. Irrigation with contaminated water
may have introduced lead into the soil causing another source of exposure to humans as well as wildlife.
A widespread songbird species, the American robin (Turdus migratorius), feeds heavily on earthworms
and ingests large amounts of soil during foraging. This study investigated the impact of the Flint water
crisis on American robin blood lead levels (BLL) during the breeding season in southeast Ml by
comparing BLL of birds captured at irrigated sites of Flint to those captured at unirrigated sites in Flint,
irrigated sites in a nearby city (Ypsilanti) and rural sites. Robins captured at irrigated Flint sites had nearly
double BLL compared to unirrigated Flint sites and all other control sites. Body condition declined with
increasing BLL at these irrigated sites of Flint, suggesting a measurable fitness impact of lead at these
levels. Because BLL in American robins is known to reflect soil lead levels and soil lead is a known driver
of BLL in children, robins may act as a bioindicator for urban communities. Further research should
determine the efficacy of using robin BLL as a bioindicator of soil lead and how lead might be impacting
body condition and other long-term fitness metrics in urban wildlife.

Introduction

Expanding urbanization limits natural habitat and has resulted in a rising number of wild animals
residing in or near human-altered landscapes. Urban-associated wildlife, such as songbirds, may have an
increased exposure to contaminants compared to their counterparts in more rural or natural habitats
(Roux and Marra 2007). Lead (Pb) is an environmentally persistent anthropogenic pollutant that has the
potential to negatively impact the physiology and fitness of vertebrates if accumulated in the body
(Burger and Gochfeld 2010; Grunst et al. 2019; McClelland et al. 2019). Elevated blood lead levels can
reduce body condition through muscle atrophy and fat loss in birds, which is likely to reduce survivability
(Newth et al. 2016). Understanding how birds vary in exposure to lead contaminants across landscapes,
as well as the fitness consequences of different lead-burdens, is necessary to understand how urban
growth increasingly impacts wild bird populations.

Past use of leaded-gasoline and paint, as well as current pollution emissions and the use of leaded pipes
in drinking water infrastructure, increases lead exposure in humans and wildlife alike (Sordo and Casas
2006; Hanna-Attisha et al. 2016; Laidlaw et al. 2016). Lead from drinking water pipelines, for example,
can be corroded if proper corrosion-control is not implemented (Edwards and Triantafyllidou 2007
Hanna-Atisha et al. 2016) and can result in direct consumption of contaminated tap water by humans
and their pets. Further, irrigation with contaminated water can disburse lead more broadly into the
environment where it may persist in soils for years (Ahmed and Goni 2009; Liu et al. 2005; Malan et al.
2015; Islam et al. 2018). Soil lead is the main pathway in child lead exposure and is linked to blood lead
levels (BLL) in children, largely due to the top layer of soil being aerosolized in the dry season, resulting in
inhalation of lead dust (Mielke et al. 1997; Zahran et al. 2013; Laidlaw et al. 2016). Additionally, outdoor
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play can result in physical contact with, and ingestion of, contaminated soil due to children’s frequent
hand-mouth activity (Mielke et al. 1997; Zahran et al. 2013; Laidlaw et al. 2016). Lead exposure in
humans and other animals can therefore be driven by inhalation of lead dust or direct contact and
ingestion of lead-contaminated substances (e.g., soil, food, water).

Lead is a well-established neurotoxin and can result in developmental delays and irreversible cognitive
dysfunction in human children (Sordo and Casas 2006). It also mimics calcium, an ion essential for
physiological function and can be absorbed through the diet via calcium receptors in the gut (Goyer and
Mahaffey 1972; Sordo and Casas 2006). Residency time of lead in the body varies by lead dose and
duration, and can be influenced by sex, age, and diet (Goyer and Mahaffey 1972). While most of a body’s
lead burden is stored in bone (Goyer and Mahaffey 1972), BLL reflects the amount of circulating lead
following absorption and indicates current exposure of tissues (e.g., neurons) to lead. BLL may also
provide the most comparable value of current lead burden across sites or exposures since lead may be
allocated differentially to various tissues (Beyer et al. 2013). Blood lead analysis is a convenient, cost-
effective, non-lethal method for estimating recent exposure and has been proposed to be the most useful
measure of lead absorption in humans (Goyer and Mahaffey 1972), and is therefore likely appropriate for
wildlife as well (Scheifler et al. 2006; Roux and Marra 2007; Cai and Calisi 2016; McClelland et al. 2019;
Grunst et al. 2019).

This study investigates environmental lead exposure in American robins (Turdus migratorius), a songbird
species that ranges across North America and commonly breeds in both rural and urban habitats
(Vanderhoff et al. 2020). We studied circulating BLL during spring and summer months in urban and rural
sites in southeastern Michigan, including the city of Flint, following the heavily reported Flint Drinking
Water Crisis (Pieper et al. 2017; Pieper et al. 2018). Briefly, in 2014, the drinking water of Flint was
contaminated by lead when the city switched their water source from Lake Huron to the Flint River
without implementing corrosion inhibitors, thereby causing corrosion of leaded pipelines and
contamination of the drinking water (Pieper et al. 2017; Pieper et al. 2018). In the most impacted areas of
Flint, 10% of children had BLL > 5 ug/dL in comparison to 1.2% of children residing outside of Flintin
2015 (Hanna-Attisha et al. 2016). By 2017, the lead levels in Flint's drinking water were below the
assigned ‘action level’ of 15 ug/L (Pieper et al. 2018). While residents of Flint were advised not to
consume their tap water during the three-year crisis, there was less focus or guidance concerning lawn
irrigation using lead-contaminated water. Watering lawns with contaminated water can serve as a source
of environmental exposure for the area’s human and wildlife populations (Ahmed and Goni 2009; Liu et
al. 2005; Malan et al. 2015; Islam et al. 2018). We investigated the BLL of American robins, a widespread
songbird that specializes on soil-dwelling invertebrates (Gochfeld and Burger 1984), in lead-impacted
areas of Flint at sites with and without irrigation, as well as control sites. We also assessed how body
condition varied with BLL to better understand the dynamics of lead contamination and how it may
impact fitness of this free-living bird.

Methods
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Study Sites

Sites within Flint, MI (43°N 83°W) were chosen based on a lead pipe map provided by the City of Flint
(created by the GIS center, University of Michigan-Flint; Moore 2016). Within affected areas of Flint, we
chose sites where lawns were regularly irrigated, including: the University of Michigan (43°01'04.3"N
83°41'16.6"W) and Mott Community College (43°01'12.2"N 83°40'23.0"W) campuses, and sites that did
not irrigate their lawns: Bassett (43°02'11.1"N 83°43'22.4"W) and Mott (43°00'52.1"N 83°43'24.7"W)
community parks. Reference sites were chosen outside of the city of Flint and consisted of irrigated sites
in Ypsilanti on the Eastern Michigan University campus (42°14'49.0"N 83°37'42.9"W), as well as two rural
and unirrigated sites, one near Flint in Lapeer (43°06'42.5"N 83°14'57.7"W), and one in Ypsilanti
(42°15'39.2"N 83°37'40.7"W). We chose University or College campuses as our irrigated site comparisons
because we expected them to use more similar irrigation and landscaping practices than private
residences. This allowed us to directly compare robin BLL at irrigated and unirrigated sites in Flint, as well
as to an irrigated site in a different city and rural sites.

Animal and Hematological Procedures

American robins were mist-netted passively or using acoustic lures on their breeding territory from April-
August of 2018 and 2019. Birds were immediately extracted from the mist net and age and sex were
determined via plumage or breeding indicators (i.e., presence of brood patch and length of cloacal
protuberance) (Pyle 1997). Morphometrics were measured (unflattened wing chord, length of metatarsus
and keel) with analog calipers to the nearest 0.1 mm. Mass was measured using a Pesola spring scale to
the nearest 0.5 g, and fat deposits were scored on a scale from 0-4 in the furcular and abdominal cavities
and summed for a total fat score (following Helms and Drury 1960; Cornelius et al. 2021). Birds were
equipped with a unique U.S.G.S. band and were immediately released following blood sampling.

Approximately 200 ul of whole blood was extracted via venipuncture of the alar vein and was collected
into 75-ul microcapillary heparinized tubes. To measure BLL, a portion of whole blood was immediately
transferred from one capillary tube into a standardized measuring tube provided by the LeadCarell blood
lead measuring system (Magellan Diagnostics) and was immediately expelled into a proprietary solution
containing hydrochloric acid, and inverted. This solution was then kept at room temperature until
measurement in the LeadCarell blood lead monitor later in the day, as per manufacturer guidelines.
Remaining blood samples were kept on ice and transferred to the lab within 7 hours of sampling for
measurement of hematocrit and storage of plasma for other studies. Hematocrit was measured as the
percent packed red blood cells after 8 minutes of centrifugation at 10,000 RPM in a clinical centrifuge. A
small amount of the HCl-blood solution was placed onto a LeadCarell sensor strip and was inserted into
the LeadCarell monitor to measure blood lead. A blood lead value (ug/dL) was reported within three
minutes with a minimum detectability of 3.3ug/dL. Samples with undetectable lead as measured by the
LeadCarell (i.e., < 3.3 ug/dL) were set to a value of 3.2 ug/dL. Note that setting these undetectable values
instead to half-detectability (i.e., 1.6 ug/dL) did not change the statistical results or patterns.
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The LeadCarell machine determines BLL via anodic stripping voltammetry (ASV) and is used frequently
in wildlife studies given its ease of use, portability and low cost (Herring et al. 2018). The system,
however, was designed and calibrated for use with human blood. Accuracy of LeadCarell ASV-derived
BLL in birds has been tested by comparison to inductively coupled plasma mass spectrometry (ICP-MS);
a trusted method that has shown to be accurate, precise, and highly correlated to other blood lead
analysis methods such as graphite-furnace atomic absorption spectrometry (GFAAS) (Herring et al.,
2018). Bird BLL derived from ASV methodology (LeadCarell) consistently underestimated blood lead by
30-38%, thus, for proper interpretation, it has been suggested that absolute ASV-derived values be
increased by 30% to reflect accurate estimates of blood lead values in birds (Herring et al. 2018). We
therefore adjusted our absolute values by +30%. Note that this does not alter the relative differences
between sites, but rather provides more physiologically accurate blood lead values by which to estimate
the impact of contamination and to compare absolute levels to other studies.

Statistical Analyses

Body condition was calculated by first using a principal component analysis (PCA) to reduce
dimensionality of the morphometrics. PC1 explained 52.2% of the variance in wing, tarsus and keel
lengths. To control body mass variation related to size, PC1 was then regressed against body mass and
the residuals of each point to the best-fit line were saved as a metric of size-corrected body mass to
reflect body condition. Body condition was calculated separately for males, females and juveniles due to
egg-production impacts on body mass during the breeding season and differences in mass due to
developmental stage.

Blood lead levels were analyzed with non-parametric assessments as the data were not normally
distributed, did not meet model assumptions and transformations were determined ineffective. We used a
Kruskal-Wallis comparison of means to determine if BLL varied by treatment (i.e., irrigated Flint,
unirrigated Flint, irrigated Ypsilanti (urban control), and rural sites), followed by a Wilcoxon nonparametric
multiple comparison test to determine which groups differed from each other. This test is appropriate
given apriori predictions that BLL will be highest in irrigated Flint sites, followed by unirrigated Flint,
irrigated Ypsilanti, and lowest levels at rural sites. Site specific relationships between BLL and body
condition were analyzed with linear regression. All statistical analyses were performed with JMP Pro 15,
using a significance level of a=0.05.

Results
Location

BLL in this study ranged from undetectable (< 4.2 ug/dL) to 32.0 ug/dL (Table 1). Kruskal-Wallis found

that site significantly impacted BLL (y“ = 13.0, P= 0.005). American robins had higher blood lead levels
at irrigated Flint sites compared to all other sites (unirrigated Flint sites, irrigated Ypsilanti sites, and rural
sites; Table 2). Birds captured at unirrigated Flint sites had higher BLL than those captured at rural sites,

Page 5/15



although BLL of robins captured at irrigated Ypsilanti sites did not differ significantly from those sampled
at rural sites (Table 2; Figure 1).

Table 1
Range of blood lead values (ug/dL) at each location
Location n Minimum Mean Maximum
Irrigated Flint 18 4.2 14.0 32.0
Unirrigated Flint 13 4.2 8.8 13.0
Irrigated Ypsilanti 27 4.2 7.9 21.0
Rural 13 42 6.9 10.4
Table 2
Wilcoxon comparison of BLL across all sites. (*) indicates statistical significance
Location Location Zvalue Pvalue LowerCl UpperCl
Irrigated Flint Unirrigated Flint 2.24 0.025* 1.04 8.32
Irrigated Flint Irrigated Ypsilanti  2.85 0.0043* 234 9.10
Irrigated Flint Rural 2.54 0.011* 1.69 10.8
Unirrigated Flint Rural 1.94 0.057 -0.130 4.42
Unirrigated Flint Irrigated Ypsilanti  1.56 0.12 -0.520 3.51
Irrigated Ypsilanti  Rural 0.56 0.57 -0.910 2.86

Body condition

There was a significant decline in body condition with increasing BLL in the irrigated sites of Flint (r? =

0.3, p = 0.02; Figure 2) but not in other sites (Table 3).

Table 3

Correlation between blood lead and body
condition. (*) indicates statistical

significance
Location r2 p-value
Irrigated Flint 0.30 0.02*

Unirrigated Flint 0.07 0.4
Irrigated Ypsilanti  0.001 0.9

Rural 0.09 0.4
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Discussion

Following the well-publicized Flint Drinking Water Crisis, we sought to document the impact that this
event had on circulating BLL in a wild bird species, the American robin, and to better understand the role
of irrigation as a source of environmental exposure in this species. Robins had higher blood lead levels
when captured in irrigated sites of Flint compared to unirrigated sites in Flint, and to surrounding sites.
This result indicates that irrigation practices during the Flint Drinking Water Crisis likely served as a
source of environmental contamination that continues to impact human and wildlife residents of this
community to this day. Birds captured at irrigated sites of Flint with high BLL also tended to have lower
body condition (Table 1). It should be noted that while BLL in birds at the Flint sites were higher, 81.2% of
individual robins across all sites had lead levels that were higher than levels considered dangerous in
children by the CDC (5 ug/dL).

Lead is a neurotoxin that can impact memory, processing speed, and comprehension in humans (Sordo
and Casas 2006). In 2012 the CDC reduced the threshold BLL for identifying dangerous exposure levels in
children to 5 ug/dL from the previous level of concern of 10 ug/dL, and stated that no BLL has been
identified as safe (CDC 2020). Links between abnormal child development and relatively low lead
exposures are well established in human children (Sordo and Casas 2006), and the risk of lead exposure
to Flint residents may be reflected in the BLL of the local robins. In birds, lead has been documented to
correlate with reduced brain weight in nestling starlings (Sturnus vulgaris) (Grue et al. 1986). Nestling
growth, locomotion, balance, begging, behavioral thermoregulation, depth perception, and individual
recognition were all negatively impacted in lead-dosed gulls (Burger and Gochfeld 2010), suggesting
environmental pollutants may similarly impact avian cognition. In one study, BLL of rock-pigeons
(Columba livia) in New York City (New York, USA) were correlated with child BLL when analyzed across
neighborhoods (Cai and Calisi 2016), reflecting common local exposure. American robins and other
widespread Turdus species with similar foraging habits and prey preferences (Scheifler et al. 2006) could
be used as bioindicators of environmental lead contamination in neighborhoods across North America
given their widespread distribution. American robins forage near their nests during the breeding season
(Knupp 1977), interact directly and intensively with soil, and BLL in this species has been correlated with
soil lead levels in previous studies (Blus et al. 1995; Johnson et al. 1999; Beyer et al. 2004; Roux and
Marra 2007; Hansen et al. 2011; Sample et al. 2011; Beyer et al. 2013; Beyer and Sample 2017). Robins
are thus likely to reflect local soil lead conditions and should be investigated further as a potential
biomonitor for public health and human exposure to soil lead in urban environments.

In one study, urban robins had the highest blood lead levels (26.4 ug/dL) in comparison to other robins
living in rural areas (7.9 ug/dL) and six other songbird species caught in both urban (5.3 - 18.7 ug/dL)
and rural (1.1-5.3 ug/dL) habitats in Washington D.C. (Roux and Marra 2007). High lead exposure in
robins has been attributed to the high percentage of soil in their diet (20%), which is greater than other
urban wildlife, including opossum (5%), Canada geese (8%), racoons (9%) or American woodcock (10%),
and other ground-foraging songbirds such as the song sparrow (17%) and the Swainson’s thrush (1%),
which is thought to be due to different behavioral modes of foraging (Beyer et al. 1994; Hansen et al.
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2011). Modeling of lead exposure in American robins based on diet and average U.S. soil lead levels
projected that 89% of a robin’s lead burden is derived from earthworm tissues (42%) and soil (47%) that is
either in or on their earthworm prey (Beyer and Sample 2017). Thus, American robins may accumulate
soil lead more quickly and directly than other species, including humans, which are exposed largely
through respiration of aerosolized soil lead (Mielke et al. 1997; Zahran et al. 2013; Laidlaw et al. 2016).
These results suggest robins could act as an early indicator of soil lead contamination.

Relatively little is known about the health impacts of different levels of blood lead on songbirds (Hansen
etal. 2011, Sample et al. 2011, Beyer et al. 2013), however we detected a negative relationship between
BLL and body condition in irrigated sites of Flint. Body condition significantly declined with increasing
BLL only in our irrigated sites of Flint, where BLL was the highest, implying that high lead burdens in
some robins may be hindering health. Impacts on body condition may not be detectable until a lead
burden threshold is reached, as seen in whooper swans (Cygnus cygnus) that only show a negative
correlation between blood lead and body condition in individuals exceeding 40 ug/dL BLL (Newth et al.
2016). A decline in body condition in swans was hypothesized to be due to lead-induced muscle atrophy,
particularly of the breast muscle, and the loss of both visceral and subcutaneous fat (Beyer et al. 1988,
Newth et al. 2016). The authors suggest that reduction of muscle and fat levels may be detrimental as
fuel stores are critical for overwinter survival (Haramis et al. 1986), breeding performance (Ankney and
Maclnnes 1978), migration (Ramenofksy 1990) and other important behaviors (Newth et al. 2016).

The cognitive impacts of elevated BLL in songbirds are also not well established, but there are several
studies documenting changes in behavior with increased lead exposure. For example, increased nest
aggression of urban northern mockingbirds (Mimus polyglottos) was found in a population with BLL
averaging 10 ug/dL (McCleland et al. 2019). Another songbird (Parus major) showed reduced exploratory
behavior with increasing BLL (range of 0 — 46 ug/dL) near a smelter (Grunst et al. 2019). Birds in our
study had BLL similar to both of these songbird studies, suggesting cognitive impacts of lead exposure
may contribute to the negative relationship found with body condition. More work is needed to determine
the linkages between lead exposure and behavioral, cognitive or physiological effects in our study
populations. Lead exposure has also been found to negatively impact metrics of reproductive success,
including: thinning eggshells (Eeva and Lehikoinen 1994), interrupted laying (Janssens et al. 2003),
reduced clutch size (Berglund et al. 2010), increased nestling mortality (Berglund et al. 2010; Jannssens
et al. 2003) and dietary changes of invertebrate variety fed to nestlings (Eeva et al. 2005). These studies
suggest that reproductive success may also be hindered by environmental lead contamination and
warrant future research.

Future research should be aimed at identifying the fitness consequences of lead burdens with careful
attention to potential thresholds for negative impacts. Such efforts should include investigation of the
physiological mechanisms by which lead impacts health metrics, such as the link between reduced body
condition and high lead exposure found in this study. Additional research regarding species-level
variation in exposure by dietary niche and the degree or nature of association with human habitats will
also help to inform conservation and management decisions following acute and chronic environmental
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contamination events. Lead contamination in human drinking water systems is a widespread issue - with
more than 2,000 water systems across the country finding unsafe lead levels in their drinking water
following the Flint crisis (USAToday, Young and Nichols 2017). It is therefore imperative to better
understand the impacts of lead exposure on urban wildlife fitness, particularly given the ever-increasing
prevalence of human-wildlife overlap.

Declarations

Statements and Declarations:

Funding: Funding provided by Eastern Michigan University and Oregon State University.
Conflicts of interest: Authors declare no competing interests.

Animal Research (Ethics): This work was approved by Eastern Michigan University Institutional Animal
Care and Use Committee (IACUC) protocol #2015-072.

Consent to Participate (Ethics): N/A

Consent to Publish (Ethics): All authors read and approved the final manuscript.
Plant Reproducibility: N/A

Clinical Trials Registration: N/A

Author Contribution: All authors contributed to funding acquisition. Jamie Cornelius and Dorothy Zahor
contributed to the study conception and design. Data collection was completed by Dorothy Zahor,
Kenneth Glynn, and Jamie Cornelius. Analyses were performed by Dorothy Zahor, Kenneth Glynn, and
Jamie Cornelius. The first draft of the manuscript was written by Dorothy Zahor and all authors
commented on further versions of the manuscript

Acknowledgements: Appreciation is given to the City of Flint, University of Michigan-Flint, and Mott
Community College for permission to access study sites and continued collaborative support. Garth
Herring provided guidance regarding LeadCarell BLL adjustments and Suzanne Austin provided
statistical advice. We also thank the members of the Cornelius Lab, Peter Bednekoff and Brian Connolly
for feedback during study design and on earlier versions of the manuscript. Selena Chiparus and Bradley
Allendorfer assisted with fieldwork at times during this study.

References

Ahmed JU, Goni A (2009) Heavy metal contamination in water, soil, and vegetables of the industrial areas
in Dhaka, Bangladesh. Environ Monit Assess 166:347-357

Page 9/15



Ankney CD, Maclnnes CD (1978) Nutrient reserves and reproductive performance of female Lesser Snow
Geese. The Auk 95: 459-71.

Berglund A, Ingvarsson P, Danielsson H, Nyholm N (2010) Lead exposure and biological effects in pied
flycatchers (Ficedula hypoleuca) before and after the closure of a lead mine in northern Sweden. Environ
Pollut 158: 1368-1375

Beyer NW, Dalgarn J, Dudding S, French JB, Mateo R, Miesner J, Sileo L, Spann J (2004) Zinc and Lead
Poisoning in Wild Birds in the Tri-State Mining District (Oklahoma, Kansas, and Missouri). Arch Environ
Contam Toxicol 48: 108-117

Beyer NW, Connor E, Gerould S (1994) Estimates of Soil Ingestion by Wildlife. Journal of Wildlife
Management 58: 375-382

Beyer NW, Franson CJ, French JB, May T, Rattner BA, Shearn-Bochsler VI, Warner SE, Weber J, Mosby W
(2013) Toxic Exposure of Songbirds to Lead in the Southeast Missouri Lead Mining District. Arch Environ
Contam Toxicol 65:598-610

Beyer NW, Spann JW, Silco L, Franson JC (1988) Lead Poisoning in Six Captive Avian Species. Arch
Environ Contam Toxicol 17: 121-130

Beyer WN and Sample BE (2017) An Evaluation of Inorganic Toxicity Reference Values for Use in
Assessing Hazards to American Robins (Turdus migratorius). Health & Ecological Risk Assessment 13:
352-359

Blus LJ, Henny CJ, Hoffman DJ, Grove RA (1995) Accumulation in and Effects of Lead and Cadmium on
Waterfowl and Passerines in Northern Idaho. Environmental Pollution 89: 311-318

Burger J, Gochfeld M (2010) Effects of Lead on birds (Laridae): A review of laboratory and field studies.
Journal of Toxicology and Environmental Health Part B: Critical Reviews 3: 59-78

Centers for Disease Control and Prevention (CDC) (2020) Lead poisoning prevention, blood lead levels in
children. https://www.cdc.gov/nceh/lead/prevention/blood-lead-levels.htm. Accessed 12 October 2020

Cornelius JM, Hahn TP, Robart AR, Vernasco BJ, Zahor DL, Glynn KJ, Navis CJ, Watts HE (2021) Seasonal
patterns of fat deposits in relation to migratory strategy in facultative migrants. Frontiers in Ecology and
Evolution 9: 691808

Edwards M, Triantafyllidou S (2007) Chloride-to-sulfate mass ratio and lead leaching to water. American
Water Works Association Journal 99: 96-109

Eeva T, Lehikoinen E (1994) Egg shell quality, clutch size and hatching success of the great tit (Parus
major) and the pied flycatcher (Ficedula hypoleuca) in an air pollution gradient. Oecologia 102: 312-323

Page 10/15


https://www.cdc.gov/nceh/lead/prevention/blood-lead-levels.htm

Eeva T, Ryoma M, Riihimaki J (2005) Pollution-related changes in diets of two insectivorous passerines.
Oecologia 145:629-639

Gochfeld M, Burger J (1984) Age differences in foraging behavior of the American robin (Turdus
migratorius). Behaviour 88: 227-239

Goyer RA, and Mahaffey KR (1972) Susceptibility to lead toxicity. Environmental Health Perspectives: 73-
80

Grue CE, Hoffman DJ, Beyer NW, Franson LP (1986) Lead concentrations and reproductive success in
European starlings Sturnus vulgaris nestling within highway roadside verges. Environmental Pollution
(Series A) 42: 157-182

Grunst AS, Grunst ML, Daem N, Pinxten R, Bervoets L, Eens M (2019) An important personality trait varies
with blood and plumage metal concentrations in a free-living songbird. Environ Sci Technol 53:
10487-10496

Hanna-Attisha M, LaChance J, Sadler RC, Schnepp AC (2016) Elevated blood lead levels in children
associated with the Flint drinking water crisis: A spatial analysis of risk and public health response.
American Journal of Public Health 106: 283-290

Hansen JA, Audet D, Spears BL, Healy KA, Brazzle RE, Hoffman DJ, Dailey A, Beyer NW (2011) Lead
exposure and poisoning of songbirds using the Coeur d’Alene River Basin, Idaho, USA. Integrated
Environmental Assessment and Management 7: 587-595

Haramis GM, Nichols JD, Pollock KH, Hines JE (1986) The relationship between body mass and survival
of wintering canvasbacks. The Auk 103:506-14

Helms CW, Drury WH (1960) Winter and migratory weight and fat field studies on some North American
Buntings. Bird-Banding 31:1-40

Herring G, Eagles-Smith CA, Bedrosian B, Craighead D, Domenech R, Langner HW, Parish CN, Shreading A,
Welch A, Wolstenholme R (2018) Critically assessing the utility of portable lead analyzers for wildlife
conservation. Wildlife Society Bulletin 42: 284-294

Islam A, Romic D, Akber A, Romic M (2018) Trace metals accumulation in soil watered with polluted water
and assessment of human health risk from vegetable consumption in Bangladesh. Environ Geochem
Health 40:59-85

Janssens E, Dauwe T, Pinxten R, Eens M (2003) Breeding performance of great tits (Parus major) along a
gradient of heavy metal pollution. Environmental Toxicology and Chemistry 22: 1140-1145

Johnson GD, Audet DJ, Kern JW, LeCaptain LJ, Strickland M, Hoffman D, Mcdonald L (1999) Lead
exposure in passerines inhabiting lead-contaminated floodplains in the Coeur d'Alene River Basin, Idaho,

Page 11/15



USA. Environmental Toxicology and Chemistry 18: 1190-1194

Knupp DM, Owen RB, Dimond JB (1977) Reproductive biology of American Robins in northern Maine. The
Auk 94: 80-85

Laidlaw MAS, Filipplli GM, Sadler RC, Gonzales CR, Ball AS, Mielke HW (2016) Children’s Blood Lead
Seasonality in Flint, Michigan (USA), and Soil-Sourced Lead Hazard Risks. Int J Environ Res Public Health
13: 358

Liu WH, Zhao JZ, Ouyang ZY, Soderlund L, Liu GH (2005) Impacts of sewage irrigation on heavy metal
distribution and contamination in Beijing, China. Environ Int 31:805-12

Malan M, Muller F, Cyster L, Raitt L, Aalbers J (2015) Heavy metals in the irrigation water, soils and
vegetables in the Philippi horticultural area in the Western Cape Province of South Africa. Environ Monit
Assess187:4085

McClelland SC, Riberio RD, Mielke HW, Finkelstein ME, Gonzales CR, Jones JA, Komdeur J, Derryberry E,
Saltzberg EB,Karubian J (2019) Sub-lethal exposure to lead is associated with heightened aggression in
an urban songbird. Science of the Total Environment 654: 593-603

Mielke HW, Dugas D, Mielke PW, Smith KS, Smith SL, Gonzales CR (1997) Associations between soil lead
and childhood blood lead in urban New Orleans and Rural Lafourche Parish of Louisiana. Environ Health
Perspectives 105: 950-954

Moore K (2016) New UM-Flint research shows location of lead pipes in Flint. City of Flint, Michigan.
https://www.cityofflint.com/2016/02/22/new-um-flint-research-shows-
location-of-lead-pipes-in-flint/. Accessed 18 October 2017

Newth JL. Reese EC, Cromie RL, McDonald RA, Bearhop S, Pain DJ, Norton GJ, Deacon C, Hilton GM
(2016) Widespread exposure to lead affects the body condition of free-living whooper swans Cygnus
cygnus wintering in Britain. Environ Pollut 209: 60-67

Pieper KJ, Martin R, Tang M, Walters L, Parks J, Roy S, Devine C, Edwards MA (2018) Evaluating water
lead levels during the Flint water crisis. Environmental Science and Technology 52: 8124-8132

Pieper KJ, Tang M, Edwards MA (2017) Flint water crisis caused by interrupted corrosion control:
investigating “Ground Zero” home. Environmental Science and Technology 51: 2007-2014

Pyle P (1997) Identification guide to North American birds, Part 1, Columbidae to Ploceidae. Slate Creek
Press, Bolinas

Ramenofsky M (1990) Fat Storage and Fat Metabolism in Relation to Migration. In: Gwinner E. (eds) Bird
migration. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-74542-3_15

Page 12/15



Roux and Marra (2007) The presence and impact of environmental lead in passerine birds along an
urban to rural land use gradient. Arch Environ Contam Toxicol 53: 261-268

Sample BE, Hansen JA, Dailey A, Duncan B (2011) Assessment of risks to ground-feeding songbirds from
lead in the Coeur d’Alene Basin, Idaho, USA. Integrated Environmental Assessment and Management 7:
596-611

Scheifler R, Coeurdassier M, Morilhat C, Bernard N, Faivre B, Flicoteaux P Giraudoux P Noél M, Piotte P
Rieffel D, de Vaufleury A, Badot PM (2006) Lead concentrations in feathers and blood of common
blackbirds (Turdus merula) and in earthworms inhabiting unpolluted and moderately polluted urban
areas. Sci Total Environ 371: 197-205

Sordo J, Casas Fernandez JS (2006) Lead: Chemistry, analytical aspects, environmental impact and
health effects. Amsterdam, Elsevier

Vanderhoff N, Pyle B, Patten MA, Sallabanks R, James FC (2020) American robin (Turdus migratorius),
version 1.0. In Birds of the World (P. G. Rodewald, Editor). Cornell Lab of Ornithology, Ithaca, NY,
USA. https://doi.org/10.2173/bow.amerob.01. Accessed 9 May 2021

Young A, Nichols M (2017) USA Today: Beyond Flint: Excessive lead levels found in almost 2,000 water
systems across all 50 states. https://www.usatoday.com/story/news/2016/03/11/nearly-2000-water-
systems-fail-lead-tests/81220466/. Accessed 23 February 2020

Zahran S, Laidlaw MAS, McEImurray SP, Filippelli GM, Taylor M (2013) Linking source and effect:
resuspended soil lead, air lead, and children’s blood lead levels in Detroit, Michigan. Environ Sci Technol
47:2839-2845

Figures

Page 13/15


https://doi.org/10.2173/bow.amerob.01

30

25 |

20 -

Absolute blood lead value (ug/dL)

)
H
15 bt
*.
*
: . -
: )
10| . . .3.
: ‘3 e
: + ®
5 mnie—" ° ®
000 [ ]
ooe oo oo o
[ ] 0000 L] [ ]
§ n=13 n=27 n=13 n=18
Rural Irrigated Ypsilanti Unirrigated Flint Irrigated Flint
Location

Figure 1

Blood lead levels (ug/dL) by location. BLL was highest in irrigated sites of Flint, Ml that were impacted by
high lead levels during the Flint Drinking Water Crisis. Horizontal lines indicate median, (*) indicates
statistical significance from all other groups by Wilcoxon comparison of means (p < 0.05)
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Figure 2

Blood lead levels (ug/dL) and body condition by location. BLL negatively correlates with body condition
only at the irrigated Flint sites where BLL was highest. Lines represent the best fit of linear regression,
shading represents 95% Cl, (*) indicates statistical significance.
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