Temporal Analysis of Heavy Metal Content in Black-Crowned
Night Heron Eggshells Collected at the Lincoln Park Zoo
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The Black Crowned Night Heron (BCNH) is an endangered species in
Illinois. It is of interest to the Urban Wildlife Institute at the Lincoln
Park Zoo (LPZ) as well as the greater conservation community to
better understand anthropogenic factors threatening the continuity
of this species. This study was conducted to gauge if the nesting
location in the city of Chicago is negatively impacting the health of
the BCNH. This was executed by using inductively coupled plasmamass spectrometry to analyze the concentration of 7 heavy metals
(As, Cd, Cr, Cu, Ni, Pb, Zn) in 90 samples of eggshells collected at
LPZ. Concentrations were blocked by year and comparisons between
the start of nesting season (May) and the end (July) were drawn. In
previous studies it has been observed that heavy metal
concentrations in waterfowl eggshells can be indicative of the
degree of exposure in breeding areas and/or areas inhabited before
northward migration (Ayaş, Z., 2007). I found there to be few
significant differences between months apart from the
concentrations of Zn and Cu, which showed significantly higher
concentrations in July. However, a larger study with a greater sample
size could lend itself to a more robust and stronger conclusion.
Overall, this study refuted my hypothesis and I believe next steps to
be to closely examine the migratory paths of this colony to better
understand sources of exposure.
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The Black Crowned Night Heron (BCNH) is an endangered species in Illinois.
Placed on the endangered species list in 1997, the BCNH is also a protected
species under the Migratory Bird Treaty Act of 1918 and the Illinois Wildlife
Code of 1971 (INHS). Starting in 2016, the Lincoln Park Zoo (LPZ) has collected
eggshell samples from the three BCNH colonies located on their campus. The
BCNH are summer residents of Chicago; they migrate to the city to mate and
lay eggs before traveling south across the country in the colder months.
Herons, because of their status as secondary consumers, are helpful indicators
of pollutants in the environment (Kim, J., & Koo, T., 2007). BCNH are
omnivores who feed on aquatic species from nearby streams, rivers and
marshes. In previous studies it has been observed that contaminant
concentrations in waterfowl eggshells can be indicative of the degree of
exposure in breeding areas and/or areas inhabited prior to northward
migration (Ayaş, Z., 2007). We are interested in observing the concentrations
of heavy metals in the eggshells to understand where these birds are exposed
to toxins as well as the degree to which the metal concentrations pose a threat
to the health of the species. Given the high trophic level of the BCNH,
concentrations of pollutants in this species can be indicative of contaminant
levels throughout the greater ecosystem. It is rather curious that this species
of bird, despite scarcity in other parts of the state, continues to return to such
an urban area each summer to mate and raise young. With the city’s history as
an industrial center and its struggles with water contamination, I believe the
concentrations of heavy metals in the BCNH eggs will be highest in July after
the birds have spent several months foraging in the waterways and marsh
areas in the region.

Eggshell samples were collected at various points in time over the
summers from 2016-2018. Samples used in this study were
concentrated to the nests located in and around the Pritzker Family
Children’s Zoo (PFCZ). Other colonies on the Zoo’s campus were not
utilized in order to control for variability between colonies and
relative nest locations. Fallen or discarded shells were collected from
the grounds surrounding the nest locations, bagged, and stored in a
freezer to halt any decomposition of the specimen.

The non-parametric Wilcoxon Man-Whitney test was employed to test
for difference in medians between samples from May and samples from
July of each year. Copper displayed significant differences for 2016 (pvalue = 0.0006462), 2017 (p-value = 0.004513), and 2018 (p-value =
0.03103). Zinc displayed a significant difference in 2017 (p-value =
0.0008579) and 2018 (p-value = 0.04437). Arsenic showed significant
differences in 2016 (p-value = 0.02119), 2017 (p-value = 0.01004), 2018
(p-value = 0.03504) but in 2016 and 2017 the mean concentration for
May was higher than July which is the opposite of my hypothesis.
Cadmium displayed a significant difference only in 2017 (p-value =
0.001433). Lead only displayed a significant difference in 2016 (p-value =
0.004906). For Chromium and Nickle no significant differences were
observed between month and year.

The eggshells were rinsed twice with deionized water and dried over
night at 60 degrees Celsius. Once dry, samples were ground to a fine
powder to ensure homogenization. The US EPA standard operating
procedure for acid digestion of sediments, sludges and soils was
followed according to Method 3050B. Approximately 1 gram of
sample was used in a warm nitric acid digestion with the addition of
hydrogen peroxide and a final dilution with deionized water to bring
the total sample volume to 50mL. The samples were then processed
with inductively coupled plasma mass spectrometry using a NexION
350X ICP-MS.
Figure 1. Label in 28pt Calibri.

None of the distributions by month and year met the normality
condition for parametric statistical analysis. Using R Studio, a nonparametric Wilcoxon Man-Whitney test was employed to test for
difference in medians. The data was blocked by year and then tested
for significant differences between samples from May and samples
from July.
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Conclusions
The main objective of this study was to characterize the relationship
between concentrations at the start of nesting season (May) to the end
of nesting season (July) in the eggshells of one of the BCNH colonies at
the LPZ. In my hypothesis I postulated that metal concentrations across
all blocks would increase from the first clutch to the last because of the
increased ambient pollutant level in urban areas compared to less
densely inhabited areas. This research has partially refuted and
supported my hypothesis. Some of the metals showed significant
increases over the duration of nesting season while some appeared
unchanging or having the opposite effect. It is logical that Zn and Cu
demonstrated the highest frequency of a significant increase since they
often occur in nature together and are abundant in minerals of the
earth’s crust (Russell and Tharmanathan 2014).
A larger study might draw more significant conclusions about the degree
to which the metal concentrations fluctuate. Widespread industrialization
across the migratory path of this species might also be a contributing
factor to the metal concentrations in the first clutch.
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