
Research Article Open Access

Volume 8 • Issue 1 • 1000549
J Environ Anal Toxicol, an open access journal
ISSN: 2161-0525

Open AccessResearch Article

Journal of
Environmental & Analytical Toxicology

Jo
ur

na
l o

f E
nv

iro
nmental & Analytical Toxicology

ISSN: 2161-0525

Gaukler et al., J Environ Anal Toxicol 2018, 8:1
DOI: 10.4172/2161-0525.1000549

Keywords: Biomonitoring; Organochlorine pesticides (OCPs); 
Polychlorinated biphenyls (PCBs); Polycyclic aromatic hydrocarbons 
(PAHs); Dioxin equivalents (TEQ)

Introduction
Los Alamos National Laboratory (LANL), located in Los Alamos, 

New Mexico, was established in 1943 as part of the Manhattan Project 
to design and build atomic weapons. LANL currently operates as a 
multidisciplinary research and development institution with research 
topics spanning widely across science and technology fields. Operations 
and management of the site have resulted in the release of nonradioactive 
chemicals such as organochlorine pesticides (OCPs), polycyclic aromatic 
hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs). Sources 
of these organic chemicals include usage and storage of transformers, 
power and water treatment plant outfalls, storm drains, asphalt paving, 
roofing tar, burning of materials, and routine pesticide spraying and 
storage [1-3]. Detectable concentrations of OCPs, PAHs, and PCBs 
have been recorded in soil samples collected from material disposal 
areas and from canyon bottoms across the current and historical 
boundaries of LANL; some of these levels exceed concentrations in 
locations not impacted by LANL operations, including PCBs, PAHs, 
and methoxychlor (OCP) [1-3]. Environmental monitoring at LANL 
is extensive and monitoring programs have been in operation since 
the 1970s. Organic chemicals and inorganic elements, including 
radionuclides, have been routinely monitored in soil and sediment, and 
in biota such as fish, small mammals, and large mammals (typically road 
killed deer and elk) [4]. These environmental media have been collected 
from LANL locations and from background locations for comparisons 
and to evaluate ecological risk. Dioxin-like congeners are routinely 
evaluated and include a dozen coplanar PCB congeners, which induce 
similar biological effects as those caused by 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) exposure [5]. Toxic equivalency factors (TEFs) have 
been developed for TCDD-like compounds [6] and can be used to 
determine the relative potency, or toxic equivalents (TEQs), of dioxin-
like compounds [5]. Assessing TEQs may better determine dioxin-like 
risk [6].

Assessing concentrations of organic chemicals is of general 
interest as many are persistent in the environment, are lipophilic, have 
tendencies to bioaccumulate, and often biomagnify in the foodchain 
[7]. Specifically, evaluating organic chemical concentrations in 
avian tissues is of interest because of the known adverse effects these 
chemicals have on birds. Adverse effects include endocrine disruption, 
behavioral alterations, reduced reproductive success, and mortality [8-
11]. Avian eggs are useful as bioindicators for several reasons: collection 
for analysis is generally nondestructive to populations when non-viable 
eggs are collected, bird species occupy many trophic levels, and many 
species live within close proximity to humans [12-14]. Avian eggs have 
sometimes been shown to reflect local contaminant exposure where 
a female was feeding during egg formation [12]; however, during 
egg formation when lipid stores are depleted, stored body burdens 
can become mobilized [15] and therefore can also reflect a previous 
exposure, such as those exposures during migration or at wintering 
grounds [14,16]. Additionally, as many organic chemicals are lipophilic, 
avian eggs are useful bioindicators of environmental conditions because 
of their high fat content [10].

The western bluebird (Sialia mexicana) and the ash-throated 
flycatcher (Myiarchus cinerascens) were selected as bioindicators of 
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organic chemicals at and around the LANL area because these birds 
are common in the study area [17] and readily nest in manufactured 
nest boxes. Both species are primarily insectivorous during the breeding 
season; western bluebirds typically feed on ground dwelling insects while 
ash-throated flycatchers primarily feed on aerial insects; however, both 
feed on ants, wasps, and beetles [18,19]. During the winter, both species 
rely on fruits and western bluebirds also consume seeds [19-21]. These 
species have similar life histories; however, ash-throated flycatchers 
have a higher metabolism and their nestlings fledge approximately four 
to five days earlier than western bluebirds [22]. Ash-throated flycatchers 
are migratory and have a winter range spanning from Mexico to Costa 
Rica [23], while western bluebirds are known to reside year round in 
some locations [19], have been observed wintering in New Mexico, and 
are more abundant than ash-throated flycatchers during the breeding 
season.

As part of an ongoing assessment of site-related ecological risk at 
LANL [4] and to determine any risks associated with organic chemicals 
in avian species, organic chemical concentrations were assessed in 
eggs and nestlings of western bluebirds and ash-throated flycatchers 
at LANL. Here we 1) evaluate concentrations of organic chemicals 
in western bluebird eggs in the study area and hypothesize that eggs 
collected within the current and historic LANL boundary will have 
higher concentrations than those collected at a developed but non-
industrial reference site, 2) evaluate concentrations of organic chemicals 
in eggs and nestlings of western bluebirds and ash-throated flycatchers 
and hypothesize that ash-throated flycatchers eggs will have differing 
concentrations due to their migratory behavior, but that no differences 
will be observed in nestlings, and 3) compare concentrations of organic 
chemicals in eggs with nestlings in each species and hypothesize that 
eggs will have higher concentrations than nestlings due to growth 
dilution.

Materials and Methods
Study location

LANL is situated on the Pajarito Plateau in north-central New 
Mexico and occupies approximately 104 km2 (Figure 1). The region 
was formed by the eruptions of the Valles and Toledo volcanos 
approximately 1.4 and 1.1 million years ago [24] and consists of narrow 
mesa tops separated by steep canyons. The study area, which includes 
areas from within the current LANL boundary as well as areas with 
historic LANL operations (Figure 1), ranges in elevation from the Rio 
Grande at approximately 1,890 m to the Jemez Mountains at 2,400 m 
and has a southeastern drainage. The temperate mountain climate has 
four distinct seasons with an average annual precipitation of 47.9 cm 
and temperatures ranging from 2.7°C to 15.5°C [25]. The study area 
has been affected by other environmental perturbation not due to 
LANL operations such as wildfire, drought, and bark beetle infestation 
[26-29]. The predominant vegetation types on the Pajarito Plateau 
are pinyon-juniper woodland (Pinus edulis-Juniperus monosperma) 
and ponderosa pine forest (Pinus ponderosa) mixed with Gambel oak 
(Quercus gambelii); however, a wide range of vegetation types have been 
described ranging from willows (Salix spp.) and cottonwoods (Populus 
spp.) to aspen (Populus tremuloides) communities along the elevation 
gradient of the study area [30].

Nest boxes and egg collection

Nest boxes were first established at LANL and the surrounding area 
during the winter of 1997; the network now contains more than 500 
boxes. Nest box locations do not necessarily overlap areas of organic 

chemical concerns. A developed but non-industrial reference site was 
selected upgradient (i.e., higher elevation/upstream of LANL) at a local 
cemetery and golf course (Figure 1). The majority of nest boxes were 
placed on ponderosa pine or pinyon pine approximately 1 m off of the 
ground and approximately 50 to 75 m apart. Field crews began nest 
box visits each May and continued throughout the breeding season. 
Deceased nestlings were collected (upon first observation) and nonviable 
eggs were collected. To ensure eggs were nonviable, eggs were only 
collected when nestlings in the same nest were ≥ 10 days old or when 
an entire clutch was abandoned. After collection, eggs were refrigerated 
and nestlings were frozen. Eggs were then processed, which consisted of 
rinsing (allowed to air dry), weighing, and separating egg contents from 
eggshells; egg contents were then frozen until samples were shipped 
to the analytical laboratory for chemical analyses. Moisture loss from 
eggs during storage was considered as a confounding variable; however, 
as egg moisture is lost, it results in higher measurements of element 
concentrations, which is a conservative error.

Chemical analyses

Eggs were analyzed for OCPs and/or their metabolites and PAHs 
at the Illinois Waste Management and Research Center, Champaign, 
Illinois, in 2003. PAH concentrations were determined by gas 
chromatography-mass spectrometry and OCPs by gas chromatography 
using an electron capture detector. A total of 23 western bluebird 
samples (study area=18; reference area=5) and nine ash-throated 
flycatcher samples (study area=9) were collected between 1997 and 
2002 and submitted for analysis. Reporting detection limits (practical 
quantitation limit or PQL) were 2 ng/g for alpha-chlordane, beta-
hexachlorocyclohexane (beta-BHC), dichlorodiphenyltrichloroethane 
(DDT), dichlorodiphenyldichloroethylene (DDE), 
dichlorodiphenyldichloroethane (DDD), dieldrin, gamma-
chlordane, lindane, methoxychlor, and trans-nonachlor; 4 ng/g 
for alpha-hexachlorocyclohexane (alpha-BHC), and heptachlor; 
20 ng/g for acenaphthylene, acenaphthene, fluorene, anthracene, 
phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, 
benzo(b)fluoranthene, and benzo(k)fluoranthene; and 40 ng/g for 
benzo(a)pyrene, dibenzo(a,h)anthracene, benzo(g,h,i)perylene, and 
indeno(1,2,3-cd)perylene. All results are reported on a wet weight basis.

Eggs and nestlings were analyzed for PCB congeners by the US 
Environmental Protection Agency (EPA) Method 1668A at Cape Fear 
Analytical LLC, Wilmington, North Carolina, in 2014 (samples were 
collected between 1998 and 2012). The analytical laboratory reported 
total PCB concentrations as an additive of all 10 homologs, and when a 
homolog contained all nondetects, that particular homolog was assigned 
a value of zero. To meet minimum sample mass requirements for 
detection limits and to increase the probability of detecting chemicals 
in the samples (i.e., greater mass), eggs and nestlings were pooled to 
form composite samples. Nestlings were generally composited from 
the same nest; otherwise nestlings or eggs were composited from the 
same location (i.e., same reaches of a canyon). A total of 11 western 
bluebird composite egg samples, 33 western bluebird composite 
nestling samples, four ash-throated flycatcher composite egg samples, 
and three ash-throated flycatcher nestling samples (one single nestling 
and two composites) were submitted for analysis; all were collected at 
LANL (Figure 1). Weighted geometric means were used to represent 
composite samples (i.e., eggs collected from multiple nest boxes; Figure 
1). Two egg and two nestling composite samples from the non-industrial 
reference area were also submitted for analyses but were not included in 
the statistical analyses due to the small sample size. The lowest method 
detection limit (MDL) range for individual dioxin-like PCB congeners 
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Figure 1: The study area displaying where western bluebird and ash-throated flycatcher eggs and nestlings were collected and underwent organic chemical analysis. 
Weighted geometric means were used to represent composite samples (i.e., eggs collected from multiple nest boxes). The study area includes areas within the current 
LANL boundary and historical areas. The non-industrial reference area is located at a cemetery and a municipal golf course and is upgradient (upstream) of LANL in 
the townsite. Samples were collected between 1997 and 2012.



Citation: Gaukler SM, Hathcock CD, Fair JM (2018) Organic Chemical Concentrations in Eggs and Nestlings of Cavity Nesting Birds at and around 
Los Alamos National Laboratory. J Environ Anal Toxicol 8: 549. doi: 10.4172/2161-0525.1000549

Page 4 of 9

Volume 8 • Issue 1 • 1000549
J Environ Anal Toxicol, an open access journal
ISSN: 2161-0525

77, 81, 114, 123, 126, 167, and 189 was 0.00374 to 0.0653 ng/g, 105 and 
169 was 0.00562 to 0.098 ng/g, and 118 and 156/157 was 0.00749 to 
0.131 ng/g. All results are reported on a wet weight basis. 

TEQ calculations

TEQs were calculated for all 12 aryl hydrocarbon-binding PCB 
congeners; non-ortho-substituted PCB congeners 77, 81, 126, and 169 
and mono-ortho-substituted PCB congeners 105, 114, 118, 123, 156, 
157, 167, and 189. Each congener was multiplied by their respective 
avian-specific World Health Organization (WHO) TEF [6] and added 
for a total TEQ for each sample [5]. Congeners 156 and 157 co-eluted 
and therefore these two congeners were treated as one; the WHO TEFs 
are the same for both congeners.

Statistical analysis

Prior to statistical analyses, all OCPs and PAHs that were 
nondetects were assigned the PQL (MDLs were not provided by the 
analytical laboratory). To examine the influence of nondetects on 
dioxin-like PCB congener results, they were analyzed in two ways, 1) 
nondetects were assigned at the MDL (the MDL was used over PQL 
to prevent a high bias of unknown values) and 2) nondetects were 
assigned a value of zero. Datasets for any individual analyte did not 
undergo statistical analyses when approximately 80% or more of egg 
samples were nondetects for an individual analyte [31]. (Note: This 
rule was not applied to individual congeners to calculate TEQs since 
all 12 dioxin-like PCBs are needed to calculate TEQs.) For datasets 
containing nondetect values that did undergo statistical analyses, 
descriptive statistics (mean ± standard deviation) were calculated 

using the Kaplan-Meier approach (ProUCL 5.0 Statistical Software, 
2013, US EPA) and comparisons between two groups were assessed 
with the Gehan-Wilcoxon test [32]; this included assessing differences 
in egg concentrations between the study area and the non-industrial 
reference site, between species, and between eggs and nestlings. For 
datasets that did not contain nondetect values, a Wilcoxon test was 
used to assess differences between the study area and the non-industrial 
reference site, between species, and between eggs and nestlings. All 
statistical analyses were performed using NCSS 9 Statistical Software 
2013 (Kaysville, Utah).

Results
More than 80% of eggs were nondetects for alpha-BHC, alpha-

chlordane, beta-BHC, DDD, gamma-chlordane, heptachlor, lindane, 
methoxychlor, and for all PAHs (Table 1); and approximately 80% of 
ash-throated flycatcher eggs were nondetects for heptachlor epoxide, 
oxychlordane, and trans-nonachlor (Table 1). PAHs phenanthrene, 
pyrene, and chrysene were each detected in three separate western 
bluebird eggs; all other PAHs were nondetects, including in all ash-
throated flycatchers eggs. In both species, all nestlings had detectable 
levels of total PCBs and all eggs had detectable levels of total PCBs 
and DDE. Dieldrin and DDT were frequently (>33%) detected in eggs 
of both species and heptachlor epoxide, oxychlordane, and trans-
nonachlor were frequently (>39%) detected in western bluebird eggs.

No ash-throated flycatcher eggs were collected from the non-
industrial reference area; therefore, chemical concentrations in ash-
throated flycatchers could not be compared between the sites. Several 
differences were observed in egg concentrations when western bluebird 

Western Bluebird Ash-throated Flycatcher

Organochlorine Pesticide Obs % ND Detected Concentration(s) Obs % ND Detected Concentration(s)
Alpha-BHC 23 100 9 100

Alpha-chlordane 23 95.7 2.0 9 100
Beta-BHC 23 100 9 100

DDD 23 100 9 88.9 0.4
Gamma-chlordane 23 95.7 10.0 9 100

Heptachlor 23 100 9 88.9 0.4
Heptachlor epoxide 3 100

Lindane 23 95.7 0.4 9 100
Methoxychlor 23 95.7 3.0 9 88.9 2.0
Oxychlordane 9 77.8 1.0–6.0

Trans-nonachlor 9 77.8 0.6–0.9
Polycyclic Aromatic Hydrocarbon

Acenaphthylene 23 100 9 100
Acenaphthene 23 100 9 100

Fluorene 23 100 9 100
Anthracene 23 100 9 100

Phenanthrene 23  95.7 15.7 9 100
Fluoranthene 23 100 9 100

Pyrene 23  95.7 26.0 9 100
Benzo[a]anthracene 23 100 9 100

Chrysene 23  95.7 12.0 9 100
Benzo[b]fluoranthene 23 100 9 100
Benzo[k]fluoranthene 23 100 9 100

Benzo[a]pyrene 23 100 9 100
Dibenzo[a,h]anthracene 23 100 9 100

Benzo[g,h,i]perylene 23 100 9 100
Indeno[1,2,3-cd]perylene 23 100 9 100

Table 1: Organic chemicals with ~80% or more of samples (Obs=observations) being nondetects (ND) in western bluebird and ash-throated flycatcher eggs collected from 
the study area and the non-industrial reference area. All values are reported in ng/g wet weight.
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eggs collected from the study area were compared with eggs from a 
non-industrial reference area. Western bluebird eggs collected from 
the study area contained twofold less dieldrin [study area 1.81 ± 1.86 
(M ± SD) ng/g, reference area 3.8 ± 1.47 ng/g; P=0.02], 4.5 times less 
oxychlordane (study area 4.14 ± 2.52 ng/g, reference area 18.80 ± 15.48 
ng/g; P=0.01), and 6.6 times less trans-nonachlor (study area 1.45 ± 
1.17 ng/g, reference area 9.60 ± 9.39 ng/g; P<0.01) when compared 
with eggs from a non-industrial reference area (Table 2). In western 
bluebird eggs, DDE, DDT, and heptachlor epoxide concentrations did 
not differ statistically between the study area and the non-industrial 
reference area (P>0.05; Table 2). Total PCBs and TEQs were not 
compared between sites due to a small sample size at the non-industrial 
reference site (n=2).

In eggs, DDE, DDT, dieldrin, and total PCB concentrations 
did not differ statistically between species (P>0.05; Table 3). When 
nondetectable dioxin-like PCB congeners were assigned the detection 
limit, ash-throated flycatcher eggs contained three times more TEQ 
concentrations (0.01 ± 0.008 ng/g) when compared with western 
bluebird eggs (0.003 ± 0.002; P=0.03; Table 3). When nondetectable 
dioxin-like PCB congeners were assigned a value of zero, ash-throated 
flycatcher eggs contained 31 times more TEQ concentrations (0.0093 
± 0.0083 ng/g) when compared with western bluebird eggs (0.0003 
± 0.0003; P<0.01; Table 3). No difference in total PCBs or TEQ 
concentrations in nestlings was observed between species (P>0.05; 
Table 3).

Total PCB concentrations were significantly higher in western 
bluebird eggs when compared with nestlings (eggs 152.65 ± 115.19 
ng/g, nestlings 32.84 ± 54.34 ng/g; P<0.001; Table 4); western bluebird 
eggs contained on average 4.5 times more PCBs than nestlings. TEQ 
concentrations revealed a similar trend wherein TEQs were 1.5 times 
higher in eggs than nestlings in western bluebirds (eggs 0.003 ± 0.002 
ng/g, nestlings 0.002 ± 0.002 ng/g; P<0.01; Table 4) when nondetects 
were assigned a value of the detection limit; and eggs contained 
~twofold more TEQs than nestlings when the nondetectable dioxin-
like PCB congeners were assigned a value of zero (eggs 0.0003 ± 0.0003 
ng/g, nestlings 0.00016 ± 0.00059 ng/g; P<0.001; Table 4). Although 
ash-throated eggs contained higher levels of total PCBs and TEQs 
when compared with nestlings, this was not statistically significant 
(P>0.05; Table 4).

All western bluebird eggs contained detectable concentrations of 
congeners 105, 114, 118, 156/157, 167, and 189, while no eggs contained 
detectable concentrations of congeners 77, 81, or 126; congeners 123 and 
169 were detected in 64% and 27% of eggs, respectively (Table 5). Most 
(≥ 67%) western bluebird nestlings contained detectable concentrations 
of congeners 105, 118, 156/157, 167, 189, while congeners 114 and 123 
were detected in 36% and 18% in nestlings, respectively; 3% of nestlings 
contained congeners 77, 126, and 169. Congener 81 was not detected in 
any western bluebird nestlings (Table 5).

All ash-throated flycatcher eggs contained detectable concentrations 
of congeners 105, 118, 156/157, 167, 189, and 126, while congener 81 
was not detected in any eggs. Congeners 77 and 169 were detected in 
25% of eggs and congeners 114 and 123 were detected in 75% of eggs 
(Table 5). All ash-throated flycatcher nestlings contained congeners 
105, 118, 156/157, 167, and 189 while congeners 81 and 169 were not 
detected in any nestlings. Congeners 114, 123, 77, 126, were observed 
in 33% of the nestlings (Table 5).

In western bluebirds, when nondetects values were assigned a 
value of the detection limit, non-ortho-substituted congeners 77, 81, 

and 126 comprised the greatest percentage of the total TEQ (Figure 
2A) in both eggs and nestlings, even though these congeners were all 
nondetects in eggs and only detected in 3% of nestlings. However, when 
nondetectable congeners were assigned a value of zero, the greatest 
percentage of TEQs were mono-ortho-substituted congeners 156/157 
for both western bluebird eggs and nestlings (Figure 2B).

All ash-throated flycatcher eggs contained congener 126, which 
comprised 73% of the total TEQ concentration when nondetects 
were assigned a value of the detection limit (Figure 2C). When the 
nondetectable congeners were assigned a value of zero, congener 126 
comprised 96% of the total TEQ in ash-throated flycatcher eggs (Figure 
2D). In ash-throated flycatcher nestlings, congener 126 comprised 44% 
of the total TEQ when nondetects were assigned a value of the detection 
limit (Figure 2C) and only 22% when nondetects were assigned a value 
of zero (Figure 2D).

Discussion
The majority of the OCPs and/or their metabolites and PAHs were 

not detected in eggs of western bluebirds and ash-throated flycatchers 
and as a reminder, any potential moisture lost in eggs prior to chemical 
analyses would result in higher, or more conservative measurements, 
of chemical concentrations. PAHs are readily metabolized in birds 
and therefore are often not detected in tissues [10]. For example, an 
egg injection study in chickens (Gallus domesticus) [33] found that 
94% of PAHs were metabolized within 14 days after injection. Rapid 
metabolism of PAHs may explain why very few PAHs were detected 
in this study. In eggs, DDE was detected in all samples; the largest 
source of DDT, the parent compound of DDE, in the study region is 
likely from the US Forest Service because they sprayed more than a 
million pounds of DDT across ~5,000 km2 of the Santa Fe National 
Forest and surrounding area in the early 1950s and into the 1960s 
[34]. Finally, although PCBs have been detected at LANL [2], they 
have also been detected in the general study area [35], are ubiquitous 
in the environment, and unsurprisingly, were detected in all eggs and 
nestlings of both species.

Contrary to our predictions, western bluebird eggs collected from 
the study area contained significantly lower concentrations of dieldrin, 
oxychlordane, and trans-nonachlor when compared with eggs from 
the non-industrial reference site, and no differences in DDE, DDT, 
and heptachlor epoxide concentrations were observed between the 
two areas. The non-industrial reference area in this study includes 
both a cemetery and a municipal golf course where routine pesticide 
application is likely practiced; it is unknown what pesticides were 
historically used.

Dieldrin, DDE, DDT, and total PCB egg concentrations did 
not differ between species; however, ash-throated flycatcher eggs 
contained significantly higher levels of TEQs when compared with 
western bluebird eggs. Constituents in avian eggs generally reflect local 
contamination where the female is during egg formation. However, 
stored body burdens, particularly those with lipophilic properties, can 
become mobilized during egg formation when females lose lipid reserves 
[15]; therefore, egg concentrations can reflect previous exposure, such 
as those during migration and those at wintering grounds [14,16]. Ash-
throated flycatchers are a migratory species and their wintering range 
spans from Mexico to Costa Rica; whereas western bluebirds may 
reside as year-round residents in many areas, including northern New 
Mexico [19,23]. The differences of TEQ levels in eggs between species 
could be explained by different PCB profile exposure (as evident by 
the presence of congener 126 in ash-throated flycatchers) during the 
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winter since these two species are in different locations, differences in 
metabolism between the species, or differences in their diets, especially 
their wintering diets, within the study region. Although TEQs differed 
in eggs between these two species, in support of our predictions, there 
was no difference observed in TEQs in nestlings between species. 
This observation could be explained by both species being exposed 
to similar PCB profiles while nesting at LANL due to overall very low 
TEQ concentrations in both species, or perhaps this observation is an 
artifact of a small sample size representing a large spatial span.

In support of our prediction, western bluebird eggs contained 
higher concentrations of total PCBs and TEQs than in nestlings. 
Although not statistically significant, a similar trend was observed in 
ash-throated flycatcher eggs; the lack of significance could be due to a 
small sample size. These observations are consistent with other studies 
[36,37] and may be explained by growth dilution; rapid growth of the 
nestlings typically dilute organochlorine concentrations or lipophilic 
contaminant levels, such as PCBs [38].

When nondetected dioxin-like PCB congeners were assigned 
values at the detection limit, non-ortho-substituted congeners 77, 
81, and 126 were the greatest contributors to the total TEQ even 
though these congeners were largely nondetects, with the exception 
of 126 in ash-throated flycatcher eggs. Despite the low detection rate 
of these non-ortho-substituted congeners, they appear to make the 
greatest contribution of the TEQ because the avian WHO TEFs are 

Figure 2: Contribution of non-ortho- and mono-ortho-substituted PCB congeners relative to the total TEQ concentration. A) Congeners contributing the greatest 
percentage of the total TEQ in western bluebird eggs and nestlings when nondetects were assigned values at the detection limit. B) Congeners contributing the 
greatest percentage of the total TEQ in western bluebird eggs and nestlings when nondetects were assigned a value of zero. C) Congeners contributing the greatest 
percentage of the total TEQ in ash-throated flycatcher eggs and nestlings when nondetects were assigned values at the detection limit. D) Congeners contributing 
the greatest percentage of the total TEQ in ash-throated flycatcher eggs and nestlings when nondetects were assigned a value of zero.

the highest for these congeners when compared with TEFs for mono-
ortho-substituted congeners [6]. When nondetectable congeners were 
assigned a value of zero, the greatest contributors to the total TEQ 
changed drastically; these data demonstrate the impact that statistical 
treatment of nondetects can have on the results and how the data are 
interpreted. In this study, no differences in statistical significance were 
observed when nondetects were assigned different values; however, the 
magnitude of significance differed in some comparisons. Since many 
of dioxin-like congeners are nondetects in this study, they may not be 
ecologically relevant. Congener 126 was detected in all ash-throated 
flycatcher eggs and consisted of a great percentage of the total TEQ, 
but was not detected in western bluebird eggs. The differences between 
species could again be explained by exposures to different PCB profiles 
during migration or on wintering grounds, metabolic differences, and/
or dietary differences.

The organic chemicals detected in eggs in this study were well 
below levels typically associated with adverse effects in birds, or 
lowest observable adverse effects levels. Specifically, DDE-, dieldrin-, 
heptachlor-, and PCB-induced adverse biological effects have been 
associated with avian egg concentrations of 3,000 ng/g [8], 1,000 ng/g 
[9] 1,500 ng/g [39], and 1,000 to 4,000 ng/g [5], respectively. While 
these chemicals were detected in the majority of eggs examined in this 
study, all concentrations were well below, sometimes one to two orders 
of magnitude less than, the values associated with adverse effects. In 
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Study Area Non-industrial Reference Area
P

Compound Obs % ND M ± SD Obs % ND M ± SD
DDE 18 0 52.7 ± 65.8 5 0 106.0 ± 67.4 0.06
DDT 18 55.6 7.72 ± 1.98 5 60 2.0 ± 0.0 0.90

Dieldrin 18 55.6 1.81 ± 1.86 5 20 3.8 ± 1.47 0.02
Heptachlor epoxide 7 57.1 0.57 ± 0.13 3  0 8.13 ± 7.80 0.06

Oxychlordane 18 50.0 4.14 ± 2.52 5 20 18.80 ± 15.48 0.01
Trans-nonachlor 18 61.1 1.45 ± 1.17 5 20 9.60 ± 9.39 <0.01

Table 2: Organochlorine pesticide concentrations [mean ± standard deviation (M ± SD)], ng/g wet weight in western bluebirds eggs (Obs=observations) collected from 
the study area compared with egg concentrations from a non-industrial reference area. For datasets containing nondetects (ND), M ± SD were calculated in ProUCL and 
comparisons between sites were evaluated with a Gehan-Wilcoxon test. The remaining comparisons between sites were examined with a Wilcoxon test.

Western bluebird Ash-throated flycatcher
P

Compound/tissue Obs % ND M ± SD Obs % ND M ± SD
Eggs
DDE 18 0 52.7 ± 65.8 9 0 38.0 ± 25.9 0.88
DDT 18 56.6 1.72 ± 1.41 9 66.7 1.69 ± 2.23 0.21

Dieldrin 18 55.6 1.81 ± 1.86 9 33.3 1.83 ± 1.33 0.68
Total PCBs 11 0 152.65 ± 115.19 4 0 97.40 ± 85.26 0.27

TEQ (ND at DL) 11 – 0.003 ± 0.002 4 –  0.01 ± 0.008 0.03
TEQ (ND at 0) 11 – 0.0003 ± 0.0003 4 – 0.0093 ± 0.0083  < 0.01

Nestlings
Total PCBs 33 0 32.84 ± 54.34 3 0 14.30 ± 7.03 0.91

TEQ (ND at DL) 33 – 0.002 ± 0.002 3 – 0.002 ± 0.001 0.46
TEQ (ND at 0) 33 – 0.00016 ± 0.00059 3 – 0.00099 ± 0.00168 0.23

Table 3: Organochlorine pesticides, total PCBs, and TEQ concentrations [mean ± standard deviation (M ± SD)] ng/g wet weight in eggs and nestlings (Obs=observations) 
of western bluebirds compared with ash-throated flycatchers collected from the study area. For datasets containing nondetects (ND), M ± SD were calculated in ProUCL 
and comparisons between species were evaluated with a Gehan-Wilcoxon test. The remaining comparisons between species were examined with a Wilcoxon test. TEQs 
were analyzed two ways in relation to treating NDs; NDs were set at the detection limit (DL) or to a value of zero. Note that percent nondetects for TEQs are not relevant as 
the TEQ value is a calculation based upon 12 congeners and a TEF, and not simply the number of samples nondetected for an individual analyte.

Eggs Nestlings
P

PCB/Species Obs M ± SD Obs M ± SD

Ash-throated flycatcher 4 97.40 ± 85.26 3 14.30 ± 7.03  0.052

Western bluebird 11 152.65 ± 115.19 33 32.84 ± 54.34 <0.001

TEQ/Species

Ash-throated flycatcher (ND at DL) 4 0.01 ± 0.008 3 0.002 ± 0.001  0.11

Ash-throated flycatcher (ND at 0) 4 0.0093 ± 0.0083 3 0.00099 ± 0.00168  0.11

Western bluebird (ND at DL) 11 0.003 ± 0.002 33 0.002 ± 0.002 <0.01

Western bluebird (ND at 0) 11 0.0003 ± 0.0003 33 0.00016 ± 0.00059 <0.001

Table 4: Total PCB and TEQ concentrations [mean ± standard deviation (M ± SD)] ng/g wet weight in eggs compared with nestlings (Obs=observations) in western 
bluebirds and ash-throated flycatchers. TEQs were analyzed two ways in relation to treating nondetects (ND); NDs were assigned a value of the detection limit (DL) or 
assigned a value of zero. Comparisons between species were examined with a Wilcoxon test.

Western bluebird Ash-throated flycatcher

PCB congener Eggs (n=11) Nestlings (n=33) Eggs (n=3) Nestlings (n=4)

77 0 3 25 33
81 0 0 0 0

126 0 3 100 33
169 27 3 25 0
105 100 67 100 100
114 100 36 75 33
118 100 97 100 100
123 64 18 75 33

156/157 100 88 100 100

167 100 85 100 100

189 100 73 100 100

Table 5: The percentage of dioxin-like PCB congeners that were detected in western bluebird and ash-throated eggs and nestlings.
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eastern bluebirds (Sialia sialis), TCDD-induced toxic effects were 
observed when egg concentrations were between 1,000 to 10,000 pg/g 
[40]. All eggs and nestlings of both species had TEQ concentrations at 
least two orders of magnitude less than a 1,000 pg/g adverse effect level. 
No reliable screening levels were found for DDT, oxychlordane, and 
trans-nonachlor [8,39,41].

Conclusions
This study is part of an ongoing ecological risk assessment at 

LANL. The organic chemicals evaluated in eggs and nestlings of 
western bluebirds and ash-throated flycatchers revealed that the 
majority of samples did not contain detectable concentrations. While 
all concentrations reported in this study are low, reporting low-
level chemical concentrations in areas with potential environmental 
contamination is important as this will contribute to the understanding 
of the dynamics and behavior of chemicals in the environment as 
well as the bioavailability to avian wildlife. Concentrations of organic 
chemicals detected in western bluebird eggs from the study area were 
either not statistically different or were significantly less than those 
at the non-industrial reference area. Additionally, concentrations 
in both species were below levels associated with adverse effects in 
birds reported in the scientific literature. These findings suggest that 
concentrations measured in western bluebirds and ash-throated 
flycatchers are at levels associated with a negligible risk of adverse 
effects to the local bird populations.

Acknowledgements

The authors would like to thank P. Beeson, K. Burnett, K. Colestock, S. 
Cooper, T. Espinoza, J. Fox, L. Haussamen, K. Hutchins, A. Jacobs, M. Jankowski, 
D. Keller, L. Maestas, V. Mason, M. Musgrave, B. Pearson, E. Phillips, R. 
Robinson, L. Reader, V. Seamster, T. Sommer, A. Smith, C. Talus, B. Thompson, 
and S. Whitaker for the avian nest-box network operation and maintenance, data 
collection, and data entry; K. Burnett for literature review; P. Fresquez, L. Hansen, 
and T. Hiteman for review. We also wish to thank K. Greene, N. Patel, and S. 
Marczak for analytical chemistry guidance and database assistance; the sample 
management office, in particular K. Greene and S. Sherwood, for care of samples. 
Funding was provided by Los Alamos National Security, LLC, operator of the 
Los Alamos National Laboratory under Contract No. DE-AC52-06NA25396. Los 
Alamos Unrestricted Release number LA-UR-16-25345.

References

1.	 Harris B, Minor L, Flucas B (1998) Polycyclic aromatic hydrocarbons at 
selected burning grounds at Los Alamos National Laboratory. Los Alamos 
National Laboratry Report LA-13390-MS.

2.	 LANL (Los Alamos National Laboratory) (1999) Work plan for Sandia Canyon 
and Canada del Buey. Los Alamos National Laboratry Report LA-UR-99-3610. 

3.	 Travers J, Alexandrova E, Resnikoff M (2009) An Assessment of Los Alamos 
National Laboratory waste disposal inventory. Radioactive Waste Management 
Associates, New York, USA.

4.	 Fresquez P, Espinoza T, Gaukler S, Hathcock C, Keller D, et al. (2016) 
Ecosystem Health: Los Alamos National Laboratory 2016 Annual Site 
Environmental Report. Los Alamos National Laboratry Report LA-UR-17-27987.

5.	 Hoffman DJ, Rice CP, Kubiak TJ (1996) PCBs and Dioxins in Birds: 
Environmental Contaminants in Wildlife Interpreting Tissue Concentrations. In: 
Beyer W, Heinz G, Redmon-Norwood A (eds.), CRC Press Inc.

6.	 Van den Berg M, Birnbaum L, Bosveld A, Brunstrlom B, Cook P, et al. (1998) 
Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for Humans and 
Wildlife. Environmental Health Perspectives 106: 775-792.

7.	 Jones KC, de Voogt P (1999) Persistent organic pollutants (POPs): state of the 
science. Environmental Pollution 100: 209-221.

8.	 Blus L (1996) DDT, DDD, and DDE in Birds. Environmental Contaminants in 
Wildlife Interpreting Tissue Concentrations 23: 425.

9.	 Peakalll D (1996) Dieldrin and other Cyclodiene Pesticides in Wildlife. 
Environmental Contaminants in Wildlife Interpreting Tissue Concentrations. In: 

Beyer W, Heinz G, Redmon-Norwood A (eds.), CRC Press, Inc.

10.	Malcolm HM, Shore RF (2003) Effects of PAHs on Terrestrial and Freshwater 
Birds, Mammals and Amphibians. PAHs: An Ecotoxicological Perspective. 
Doube P, John Wiley and Sons.

11.	Heinz GH, Hill EF, Contrera JF (1980) Dopamine and norepinephrine depletion 
in ring doves fed DDE, dieldrin, and Aroclor 1254. Toxicology and Applied 
Pharmacology 53: 75-82.

12.	Dauwe T, Janssens E, Bervoets L, Blust R, Eens M (2005) Heavy-metal 
concentrations in female laying great tits (Parus major) and their clutches. 
Archives of Environmental Contamination and Toxicology 49: 249-256.

13.	Becker PH (2003) Biomonitoring with birds. Trace Metals and Other 
Contaminants in the Environment 6: 677-736.

14.	Boncompagni E, Muhammad A, Jabeen R, Orvini E, Gandini C, et al. (2003) 
Egrets as monitors of trace-metal contamination in wetlands of Pakistan. 
Archives of Environmental Contamination and Toxicology 45: 399-406.

15.	Bustnes JO, Moe B, Herzke D, Hanssen S, Nordstad D, et al. (2010) Strongly 
increasing blood concentrations of lipid-soluble organochlorines in high arctic 
common eiders during incubation fast. Chemosphere 79: 320-325.

16.	Hashmi M Z, Abbasi NA, Tang X, Malik RN (2015) Eggs as a Biomonitor of 
Heavy Metals in Soil in Heavy Metal Contamination of Soils. Sherameti I, 
Varma A, Springer.

17.	Keller D, Fresquez P, Hansen L, Kaschube D (2015) Avian Community 
Composition in Response to High Explosive Testing Operations at Los Alamos 
National Laboratory in Northern New Mexico. Journal of Environmental 
Protection 6: 1442-1453.

18.	Yard H, Van Riper C, Brown BT, Kearsley M J (2004) Diets of insectivorous 
birds along the Colorado River in Grand Canyon, Arizona. Condor 106: 106-
115.

19.	Cornell Lab of Ornithology (2018) Western Bluebird Available at: https://www.
allaboutbirds.org/guide/Western_Bluebird/id (Accessed: 3 February 2018).

20.	Burnett K, Fair J (2008) Winter feeding habits of the mountain bluebird (Sialia 
currucoides) in northern New Mexico. New Mexico Ornithological Society 
Bulletin 36: 65-68.

21.	Audubon (2018) Ash-throated Flycatcher. Available at: http://www.audubon.
org/field-guide/bird/ash-throated-flycatcher (Accessed: 3 February 2018).

22.	Mock PJ, Khubesrian M, Larcheveque DM (1991) Energetics of growth and 
maturation in sympatric passerines that fledge at different ages. Auk 108: 34-
41.

23.	Cornell Lab of Ornithology (2018) Ash-throated Flycatcher. Available at: 
https://www.allaboutbirds.org/guide/Ash-throated_Flycatcher/id (Accessed: 3 
February 2018).

24.	Goff F (2009) Geology of Jemez Volcanic Field and Valles Caldera. Valles 
Caldera: a geologic history. Goff F, TWP America Inc.

25.	US Climate Data (2015) Climate Los Alamos - New Mexico. Available at: 
http://www.usclimatedata.com/climate/los-alamos/new-mexico/united-states/
usnm0179 (Accessed: 11 December 2015).

26.	Breshears DD, Cobb N, Rich P, Price K, Allen C, et al. (2005) Regional 
vegetation die-off in response to global-change-type drought. Proceedings of 
the National Academy Science of the United States of America 102: 15144-
15148.

27.	Kokaly RF, Rockwell BW, Haire SL, King TVV (2007) Characterization of 
post-fire surface cover, soils, and burn severity at the Cerro Grande Fire, 
New Mexico, using hyperspectral and multispectral remote sensing. Remote 
Sensing of the Environment 106: 305-325.

28.	Williams A, Allen C, Macalady A, Griffin D, Woodhouse C, et al. (2012) 
Temperature as a potent driver of regional forest drought stress and tree 
mortality. Nature Climate Change 3: 292-297.

29.	Harpold A, Biederman J, Condon K, Merino M, Korgaonkar Y, et al. (2014) 
Changes in snow accumulation and ablation following the Las Conchas Forest 
Fire, New Mexico, USA. Ecohydrology 7: 440-452.

30.	McKown B, Koch S, Balice R, Neville P (2003) Land Cover Map for the Eastern 
Jemez Region. Los Alamos National Laboratory Report LA-UR-14029.

31.	Helsel DR (2012) Computing Summary Statistics and Totals in Statistics for 

https://www.osti.gov/scitech/biblio/578587
https://www.osti.gov/scitech/biblio/578587
https://www.osti.gov/scitech/biblio/578587
https://www.sciencedirect.com/science/article/pii/S0269749199000986
https://www.sciencedirect.com/science/article/pii/S0269749199000986
https://books.google.co.in/books?hl=en&lr=&id=-knRBQAAQBAJ&oi=fnd&pg=PA425&dq=DDT,+DDD,+and+DDE+in+Birds.+Environmental+Contaminants+in+Wildlife+Interpreting+Tissue+Concentrations.+Beyer+W,+Heinz+G,+Redmon-Norwood+A,+CRC+Press,+Inc.&ots=s1JB6Pwjh8&sig=D2TyiK1RzSfVZGHY0km4baNkndU
https://books.google.co.in/books?hl=en&lr=&id=-knRBQAAQBAJ&oi=fnd&pg=PA425&dq=DDT,+DDD,+and+DDE+in+Birds.+Environmental+Contaminants+in+Wildlife+Interpreting+Tissue+Concentrations.+Beyer+W,+Heinz+G,+Redmon-Norwood+A,+CRC+Press,+Inc.&ots=s1JB6Pwjh8&sig=D2TyiK1RzSfVZGHY0km4baNkndU
https://www.sciencedirect.com/science/article/pii/0041008X8090383X
https://www.sciencedirect.com/science/article/pii/0041008X8090383X
https://www.sciencedirect.com/science/article/pii/0041008X8090383X
https://link.springer.com/article/10.1007/s00244-003-0209-z
https://link.springer.com/article/10.1007/s00244-003-0209-z
https://link.springer.com/article/10.1007/s00244-003-0209-z
https://www.sciencedirect.com/science/article/pii/S0927521503801492
https://www.sciencedirect.com/science/article/pii/S0927521503801492
https://link.springer.com/article/10.1007/s00244-003-0198-y
https://link.springer.com/article/10.1007/s00244-003-0198-y
https://link.springer.com/article/10.1007/s00244-003-0198-y
https://www.sciencedirect.com/science/article/pii/S0045653510000524
https://www.sciencedirect.com/science/article/pii/S0045653510000524
https://www.sciencedirect.com/science/article/pii/S0045653510000524
https://link.springer.com/content/pdf/10.1007/978-3-319-14526-6.pdf
https://link.springer.com/content/pdf/10.1007/978-3-319-14526-6.pdf
https://link.springer.com/content/pdf/10.1007/978-3-319-14526-6.pdf
https://www.osti.gov/scitech/biblio/1239577
https://www.osti.gov/scitech/biblio/1239577
https://www.osti.gov/scitech/biblio/1239577
https://www.osti.gov/scitech/biblio/1239577
http://www.bioone.org/doi/abs/10.1650/7242
http://www.bioone.org/doi/abs/10.1650/7242
http://www.bioone.org/doi/abs/10.1650/7242
https://www.allaboutbirds.org/guide/Western_Bluebird/id
https://www.allaboutbirds.org/guide/Western_Bluebird/id
https://www.osti.gov/scitech/biblio/964973
https://www.osti.gov/scitech/biblio/964973
https://www.osti.gov/scitech/biblio/964973
http://www.audubon.org/field-guide/bird/ash-throated-flycatcher
http://www.audubon.org/field-guide/bird/ash-throated-flycatcher
http://www.jstor.org/stable/4088045
http://www.jstor.org/stable/4088045
http://www.jstor.org/stable/4088045
https://www.allaboutbirds.org/guide/Ash-throated_Flycatcher/id
http://www.usclimatedata.com/climate/los-alamos/new-mexico/united-states/usnm0179
http://www.usclimatedata.com/climate/los-alamos/new-mexico/united-states/usnm0179
http://www.pnas.org/content/102/42/15144.short
http://www.pnas.org/content/102/42/15144.short
http://www.pnas.org/content/102/42/15144.short
http://www.pnas.org/content/102/42/15144.short
https://www.sciencedirect.com/science/article/pii/S0034425706003026
https://www.sciencedirect.com/science/article/pii/S0034425706003026
https://www.sciencedirect.com/science/article/pii/S0034425706003026
https://www.sciencedirect.com/science/article/pii/S0034425706003026
https://www.nature.com/articles/nclimate1693
https://www.nature.com/articles/nclimate1693
https://www.nature.com/articles/nclimate1693
http://onlinelibrary.wiley.com/doi/10.1002/eco.1363/full
http://onlinelibrary.wiley.com/doi/10.1002/eco.1363/full
http://onlinelibrary.wiley.com/doi/10.1002/eco.1363/full
https://www.osti.gov/scitech/servlets/purl/818636
https://www.osti.gov/scitech/servlets/purl/818636
http://onlinelibrary.wiley.com/doi/10.1002/9781118162729.ch6/summary?systemMessage=Wiley+Online+Library+will+have+intermittent+access+on+8th+August+2015+from+10%3A00-16%3A00+BST+%2F+05%3A00-11%3A00+EDT+%2F+17%3A00-23%3A00+SGT+for+essential+maintenance.++Apologies+for+the+inconvenience.&primaryCompoundsResultsPerPage=250


Citation: Gaukler SM, Hathcock CD, Fair JM (2018) Organic Chemical Concentrations in Eggs and Nestlings of Cavity Nesting Birds at and around 
Los Alamos National Laboratory. J Environ Anal Toxicol 8: 549. doi: 10.4172/2161-0525.1000549

Page 9 of 9

Volume 8 • Issue 1 • 1000549
J Environ Anal Toxicol, an open access journal
ISSN: 2161-0525

Censored Data Using Minitab and R, pp: 62-98.

32.	Helsel D (2012) Comparing Two Groups. Statistics for Censored Environmental 
Data Using Minitab and R, Wiley.

33.	Naf C, Broman D, Brunstroms B (1992) Distribution and metabolism of 
polycyclic aromatic hydrocarbons (PAHs) injected into eggs of chicken (Gallus 
domesticus) and common eider duck (Somateria mollissima). Environmental 
Toxicology and Chemistry 11: 1653-1660.

34.	Allen C (1989) Changes in the Landscape of the Jemez Mountains, New 
Mexico. Dissertation, University of California at Berkeley, Berkeley, California.

35.	LANL (Los Alamos National Laboratory) (2008) Interim Measure Work Plan 
to Mitigate Contaminated Sediment Transport in Los Alamos and Pueblo 
Canyons. Los Alamos National Laboratory Report LA-UR-08-1071.

36.	Bishop C, Koster M, Chek A, Hussell D, Jock K (1995) Chlorinated hydrocarbons 
and mercury in sediments, Red-winged Blackbirds (Agelaius phoeniceus) and 
Tree Swallows (Tachycineta bicolour) from wetlands in the Great Lakes-St. 

Lawrence river basin. Environmental Toxicology and Chemistry 14: 491-501.

37.	Neigh A, Zwiernik M, Bradley P, Kay D, Jones P, et al. (2006) Accumulation 
of Polychlorinated Biphenyls From Floodplain Soils By Passerine Birds. 
Environmental Toxicology and Chemistry 25: 1503-1511.

38.	Anderson D, Hickey J (1976) Dynamics of Storage of Organochlorine Pollutants 
in Herring Gulls. Environmental Pollution 10: 183-200.

39.	Wiemeyer S (1996) Other Organochlorine Pesticides in Birds. Environmental 
Contaminants in Wildlife Interpreting Tissue Concentrations. In: Beyer W, 
Heinz G (eds.), Redmon-Norwood A, CRC Press Inc.

40.	Thiel D, Martin S, Duncan J, Lemke M, Lance W, et al. (1988) Evaluation of the 
effects of dioxin-contaminated sludges on wild birds. Proceedings of the TAPPI 
environmental Conference, Norcross, GA.

41.	Eisler R (1990) Chlordane Hazards to Fish, Wildlife, and Invertebrates: A 
Aynoptic Review. US Fish and Wildlife Services Biological Report 85 (1.21).

http://onlinelibrary.wiley.com/doi/10.1002/9781118162729.ch6/summary?systemMessage=Wiley+Online+Library+will+have+intermittent+access+on+8th+August+2015+from+10%3A00-16%3A00+BST+%2F+05%3A00-11%3A00+EDT+%2F+17%3A00-23%3A00+SGT+for+essential+maintenance.++Apologies+for+the+inconvenience.&primaryCompoundsResultsPerPage=250
https://books.google.co.in/books?hl=en&lr=&id=cgez4u8bTpoC&oi=fnd&pg=PT6&dq=Comparing+Two+Groups.+Statistics+for+Censored+Environmental+Data+Using+Minitab+and+R+Helsel+D,+Wiley.&ots=EAoJRHcmoO&sig=i7rbmZfX7Wsg10ndqSYZwzTOLqs
https://books.google.co.in/books?hl=en&lr=&id=cgez4u8bTpoC&oi=fnd&pg=PT6&dq=Comparing+Two+Groups.+Statistics+for+Censored+Environmental+Data+Using+Minitab+and+R+Helsel+D,+Wiley.&ots=EAoJRHcmoO&sig=i7rbmZfX7Wsg10ndqSYZwzTOLqs
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620111114/full
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620111114/full
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620111114/full
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620111114/full
https://hwbdocuments.env.nm.gov/Los Alamos National Labs/TA 00/30019.pdf
https://hwbdocuments.env.nm.gov/Los Alamos National Labs/TA 00/30019.pdf
https://hwbdocuments.env.nm.gov/Los Alamos National Labs/TA 00/30019.pdf
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620140319/full
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620140319/full
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620140319/full
http://onlinelibrary.wiley.com/doi/10.1002/etc.5620140319/full
http://onlinelibrary.wiley.com/doi/10.1897/05-046R.1/full
http://onlinelibrary.wiley.com/doi/10.1897/05-046R.1/full
http://onlinelibrary.wiley.com/doi/10.1897/05-046R.1/full
https://www.sciencedirect.com/science/article/pii/0013932776900367
https://www.sciencedirect.com/science/article/pii/0013932776900367

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Study location 
	Nest boxes and egg collection 
	Chemical analyses 
	TEQ calculations 
	Statistical analysis 

	Results
	Discussion 
	Discussion 
	Conclusions 
	Acknowledgements
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	References 

