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Contaminants in Eggs of Western Bluebirds and Ash-Throated Flycatchers at Los 
Alamos National Laboratory, New Mexico 

by 

Jeanne M. Fair, Charles D. Hathcock, and Kaia L. Colestock 

Abstract 

Eggshell quality, clutch size, sex ratio, and hatching success of western 

bluebirds (Sialia mexicana) and ash-throated flycatchers (Myiarchus 

cinerascens) were studied on a landscape-soil contaminant gradient at Los 

Alamos National Laboratory (LANL) and vicinity in New Mexico from 

1997 through 2003. A variety of contaminants (heavy metals, chemicals, 

insecticides, polychlorinated biphenyls, organochlorines, and radioactive 

isotopes) range across different spatial scales and concentrations on LANL 

land. This study is an example of a monitoring program over a large area 

with varying degrees of contamination that highlights locations of concern 

for future research. There were two locations where the flycatcher had a 

lower hatching success. The bluebirds at Sandia wetland, a location of 

concern for polychlorinated biphenyls, had a thinner eggshell thickness 

index (RATCLIFFE) and the eggs were smaller than at other locations. 

The flycatcher had thinner eggshells than bluebirds, which could add to 

sensitivity to exposure to contaminants. There was no variation in clutch 

size or sex ratio between locations or areas closer to contaminant release 

sites for both species. Percent females in the clutch ranged from 0% to 

I 00% in the bluebird and 33% to 67% for the flycatcher. 

Key Words: western bluebird; ash-throated flycatcher; PCBs; radionuclides; 
organochlorines 
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INTRODUCTION 

Understanding how chronic exposure to soil contamination affects both 

individuals and populations is crucial for remediation efforts. However, this challenge 

can be difficult when the contamination is uncharacterized and comprises chemicals, 

radionuclides, and heavy metals. Understanding both exposure response relationships is 

key ( 1) to assessing the implications for the exposure of management endpoints, (2) to 

designing and implementing effective remediation strategies, and (3) for documenting 

post-remediation recovery. A complementary approach to estimating the impacts of 

contaminants will include both the collection of meaningful biological data on the 

impacts on health and condition to life-history traits, sucll as clutch size and sex ratio, and 

exposure data with actual bioavailable concentrations. Inherent in this approach would 

be development of a monitoring network of several speck~s across the gradient of 

contaminated areas, focusing on individual life-history traits that can have population

level impacts and the availability of eggs for contaminant concentrations. 

There are good reasons for using eggs rather than adult or juvenile animals for 

contaminant residue studies. Egg use is far less destructive to the population, especially 

because we used nonviable eggs. Also, this life stage is most sensitive to contaminants 

and, therefore, critical for our understanding of impacts to a species (Peakall 1994). 

Female birds eliminate contaminants in their systems by transference to eggs, and 

juveniles rapidly eliminate contaminants until metabolism slows down upon maturation 

(Donaldson and Braune 1999, Fair et al. 1994). 

This study was conducted at Los Alamos National Laboratory (LANL) and 

surrounding areas in northern New Mexico (Figure 1 ). Many activities and operations at 
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• Eggs Analyzed for Radionuclides 
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Figure 1. Los Alamos National Laboratory and box locations where western 
bluebird and ash-throated flycatcher eggs were collected from 1997 to 2003. 
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the Laboratory have used or produced liquids, solids, and gases that contain radioactive 

or nonradioactive hazardous materials. A variety of contaminants (heavy metals, 

chemicals, insecticides, polychlorinated biphenyls [PCBs ], polycyclic aromatic 

hydrocarbons [PAHs], organochlorines, and radioactive isotopes) range across different 

spatial scales and soil concentrations on LANL land. Potentially contaminated sites are 

located in a clumped distribution across the landscape at LANL, with no overall specific 

contaminant that is inherently everywhere. Wildlife at LANL may be exposed to various 

mixtures of contaminants that could affect animal populations by reducing reproduction 

or survival. Not only is it crucial to have information that is biologically relevant (i.e., 

able to be extrapolated to meaningful effects) concerning ecological risks to local 

wildlife, this relevance also extends to exposure estimate5: of contaminants that are 

bioaccessible to migratory birds. 

The western bluebird (Sialia mexicana) is a widely distributed, sexually 

dichromatic, and monogamous species. The ash-throated flycatcher (Myiarchus 

cinerascens) is not as widely distributed or sexually dichromatic. Both species nest in 

secondary nest cavities, are insectivorous during the breeding season, and use small 

amounts of grit in their gizzards that are potentially important exposure pathways. These 

two species have similar life-history traits, although the flycatcher has a faster rate of 

development, fledges four to five days earlier than the bh1ebird, and has a significantly 

higher field metabolic rate during development (Mock et al. 1991 ). This difference in the 

duration of the development period could affect the relat:lve exposure and risk to relative 

exposure and risks to contaminants. If intake of contaminants in soil is proportional to 

dry matter intake as is assumed in ecological risk methodology, the higher metabolic rate 
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for the flycatcher compared to the bluebird may increase their relative risk of toxic 

exposure. Both species feed on similar prey items on and above the ground. Sexual 

dichromatisim differs in the two species, with the bluebird being sexually dichromatic 

and the flycatcher having no sexual differences. The bluebird is considered a resident 

and the flycatcher is a migratory species, which can greatly impact the amounts and types 

of exposure to contaminants of ecological concern (Kunisue et al. 2003). Both bird 

species in this study readily utilized nestboxes and are common in northern New Mexico. 

The objectives of this study were to pinpoint areas of concern for environmental 

restoration at LANL for two sympatric avian species with similar life-history traits and to 

report on organochlorine, heavy metal, P AHs, and radioisotope concentrations in two egg 

types collected from various locations at LANL and surrounding areas. 

MATERIALS AND METHODS 

Study Sites and Field Methods 

The lll-km2 LANL site is situated on the Pajarito Plateau and consists of a series 

of relatively narrow mesas separated by deep, steep-sided canyons that decline east

southeast from the Jemez Mountains down to the Rio Grande. Six major vegetation 

community types are found in Los Alamos County: subalpine grassland, spruce-fir forest, 

mixed conifer forest, ponderosa pine forest, pinon-juniper woodland, and juniper 

grassland (Foxx and Tierney 1980). In general, Los Alamos has a temperate montane 

climate with four distinct seasons. Annual precipitation is 47.6 centimeters. 

During the winter of 1997, 438 nestboxes were placed in 18 locations on LANL 

and surrounding areas. The 18 locations were either reference areas or areas potentially 

contaminated. Nestboxes were placed approximately two meters off the ground on trees 
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and spaced approximately 50 to 75 meters apart. Boxes were placed in the open 

ponderosa pine forest of the canyons and pifion-juniper woodland on the plateau mesas. 

The 18 areas averaged 29 boxes per location. 

6 

Starting in May 1997, nestboxes were visited and nests with eggs were considered 

active and visited every two days until the first eggs hatched (day= 0). The animal care 

and use committees of both LANL and the University oflV1issouri-St. Louis approved all 

protocols. Data were collected for the summer breeding seasons of 1997 to 2003. 

Egg Sampling 

Unhatched eggs were collected from the nestboxes when the nestlings were past 

the age of 10 days old. Eggs were stored in a refrigerator until measurements were taken 

(1 to 10 weeks). Egg volume was measured by water displacement and greatest length 

and breadth were measured for each egg. Eggshells were opened, rinsed, and dried. All 

dirt, uric acid, or other materials were cleaned away. Tht: egg contents were stored at-

30°C for the residue analysis. Due to similar patterns in this study of organochlorine 

residues to those found by Gervais and Anthony (2003), we followed a similar method 

for the dependent variables for organochlorines as Gervais and Anthony (2003). The first 

analysis used concentrations of p,p' DDE in each egg sample as a dependent variable. 

The second analysis used a dependent variable of the total additive concentrations of all 

detected organochlorine compounds in the eggs. The third analysis modeled a synergistic 

effect, whereby we multiplied the concentration of p,p' DDE in the egg by a factor of 1.5 

if any other organochlorine compounds were present. 
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Analysis of Egg Contaminant Concentrations 

The target analyte list (Table 1) included radioisotopes, heavy metals, 

organochlorines, PCBs, heavy metals, and PAHs. The radioisotopes analyzed included 

americium-241, cesium-137, plutonium-238, plutonium-239, and strontium-90. 

Radioisotopes 

Gamma Spectroscopy 

7 

All radioisotopes analyses were completed at Paragon Analytics, Inc., Fort 

Collins, Colorado. The samples, received in glass jars, were stirred to homogenize and 

transferred to tared 47-millimeter flat planchets containing a polypropylene filter. The 

sample weight was recorded. The samples were dried in a I 00°C drying oven for 

approximately four hours at which time a constant weight was verified. The samples 

were analyzed under a standard filter counting geometry on Ortec high-purity germanium 

gamma spectrometers for up to 1 000 minutes. The spectral data were analyzed with 

Vertec's Seeker analytical software package, version 2.2.2. 

Digestion 

Upon the successful completion of the gamma spectroscopy analyses, the samples 

were removed from the planchets and quantitatively transferred to Pyrex beakers with 

nitric acid. The samples were taken to dryness and ashed in a 600°C muffie furnace. The 

ash was digested in a mixture of strong nitric, hydrochloric, and hydrofluoric acids; taken 

to dryness~ and re-dissolved in nitric acid. The final digestate was spiked and traced for 

actinide and strontium analyses. Due to limited sample volume, the strontium and 

actinide analyses were run sequentially. 



Table 1. Target Contaminant Analyte List for Residue Analysis in Avian Eggs from Los Alamos, New Mexico, 1997 through 2003 

Pesticides/Herbecides CAS# PCBs CAS# PCBs Metals PAHs 
I a-BHC I 5 2,3- 16 95 2,2' ,3,5' ,6- I Chromium I Acenaphthene 

Dichlorobiphenyl Pentachlorobiphenyl 
2 P-BHC 2 8 2,4'- 17 99 2,2' ,4,4' ,5- 2 Manganese 2 Acenaphthylene 

DichlorobiphenyJ Pentachlorobiphenyl 
3 a-Chlordane 3 18 2,2',5- 18 105 2,3,3' ,4,4 '- 3 Nickel 3 Anthracene 

Trichlorobiphenyl Pentachlorobiphenyl 
4 y-Chlordane 4 28 2,4',4- 19 110 2,3,3',4',6- 4 Copper 4 Benzo( a)anthracene 

Trichlorobiphenyl Pentachlorobiphenyl 
5 4,4'-DDD 5 31 2,4',5- 20 118 2,3. ,4,4' ,5- 5 Zinc 5 Chrysene 

Trichlorobiphenyl Pentachlorobiphenyl 
6 4,4'-DDE 6 33 2',3,4- 21 128 2,2',3,3',4,4'- 6 Arsenic 6 Benzo(b )fluoranthene 

Trichlorobiphenyl Hexachlorobiphenyl 
7 4,4'-DDT 7 44 2,2',3,5'- 22 138 2,2' ,3,4,4' ,5'- 7 Selenium 7 Benzo(k)fluoranthene 

Tetrachlorobiphenyl Hexachlorobiphenyl 
8 Dieldrin 8 49 2,2',4,5'- 23 163 2,3,3, ,4' ,5,6- 8 Silver g Fluoranthene 

Tetrachlorobiphenyl Hexachlorobiphenyl 
9 Heptachlor 9 52 2,2',5,5'- 24 149 2,2' ,3,4' ,5',6- 9 Cadmium 9 Fluorene 

Tetrachlorobiphenyl Hexachlorobiphenyl 
10 Lindane 10 66 2,3',4,4'- 2S 153 2,2' ,4,4' ,5,5'- 10 Antimony 10 Phenanthrene 

Tetrachlorobiphenyt<•J Hexachlorobiphenyl 
11 Methoxychior ii 70 ........... ~ 2!\ 10(\ .., ..,. "l ;1 ;1, " "'- II Rarium II Pyrene L.,~ ,"+ ,,. •uv .. , .... ,_., ., . , .... ,_ 

Tctrachlorobiphenyl Heptach lorobiphenyl 
12 t-nonachlor 12 74 2,4,4',5- 27 183 2,2',3,4,4' ,5',6- 12 Lead 12 Benzo( a )pyrene 

Tetrachlorobiphenyl Heptach lorobiphenyl 
13 HPX+OXC 13 77 3,3' ,4,4'- 28 187 2,2' ,3,4' ,5,5' ,6- 13 Mercury 13 Benzo(g,h,l,)perylene 

(byGC- ECD) Tetrachlorobiphenyl(a) Heptachlorobiphenyl 
14 HPX (by difference) 14 84 2,2',3,3 ',6- 29 194 2,2',3,3 ',4,4' ,5,5'- 14 Dibenzo(a,h)anthracene 

Pentachlorobiphenyl Octochlorobiphenyl 
IS OXC (by GC I MS) IS 101 2,2',4,5,5'- 30 201 2,2' ,3,3' ,4,5' ,6,6'- 15 lndeno(1,2,3-cd)perylene 

Pentachlorobiphenyl Octochlorobiphef!Yl 

ti1 
(1Q 

oa 
g' --'@ 
e. 
~-

00 
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Strontium 

The sample digestate was subsequently prepared for radiostrontium analysis using 

American Society for Testing and Materials method 05811-95-mod, including separation 

with Eichrom strontium resin ion exchange chromatography with final deposition of 

strontium nitrate on a 47-mm stainless steel planchet. Chemical yields were determined 

by inductively coupled plasma atomic emission spectrometry analysis of stable strontium 

carrier concentrations before and after separation. Total radiostrontium, reported as 

strontium-90, was determined by beta counting on a Tennelec LB4110-W low

background gas flow proportional counter, with the manufacturer's Oxford Systems Unit 

Manager version 1.01 software. All data reduction and calculations were performed by 

the Paragon Analytics, Inc., Laboratory Information Management System (LIMS) version 

4.2 software package, with standard corrections for ingrown yttrium-90 progeny. 

Plutonium and Americium 

The effluent from the strontium column was subsequently prepared for isotopic 

plutonium and americium analyses using anion-exchange chromatography separation and 

final lanthanum fluoride microprecipitation. Alpha spectrometry was performed on the 

samples using Ortec 600-square-millimeter ion-implanted silicon detectors, with Ortec 

Alpha Vision version 4.02 software. Chemical yields were determined by the Paragon 

Analytics, Inc., LIMS version 4.2 software package. 

PCBs, Organochlorines, and P AHs 

The Illinois Waste Management and Research Center completed analyses of the 

egg tissue samples for metals, PCBs, organochlorines, and PAHs. Upon receipt, the egg 

samples were stored in a freezer maintained at -60°C. As needed, the samples were 
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removed from the freezer, and, after thawing, mixed with an aliquot of sodium sulfate. 

The sample mixtures were extracted with a Soxtec apparatus (simulates soxhlet 

extraction) and then cleaned up with gel permeation chromatography and silica gel 

chromatography. Samples were homogenized prior to digestion with a mortar and pestle. 

A nitric acid microwave digestion procedure, equivalent to US Environmental Protection 

Agency Method 3051, was utilized to dissolve egg tissue!; into solution for total metals 

analysis. In addition, quality control samples were prepared in each of five separate 

digestion batches. Quality control samples with each batch included a digestion reagent 

blank, a duplicate sample, a matrix spike, and a standard reference material. 

The samples were analyzed for individual PCB congeners and organochlorine 

compounds by gas chromatography utilizing an electron ~~apture detector. The numbers 

assigned to the individual congeners follows the Balschmiter and Zell (BZ) protocol. An 

exception occurs with congener 200/201 where the 200 i:; the BZ# and the 201 is the 

International Union of Pure and Applied Chemistry designation. Whenever a PCB or 

organochlorine was detected, the sample was re-injected on a gas chromatography/mass 

spectrometry (GC/MS) instrument to confirm the fmding;s. The PARs were analyzed by 

GCIMS only. 

Heavy Metals 

Results for metals were obtained by inductively c:oupled plasma mass 

spectrometry (ICP-MS) using scandium, yttrium, rhodium, and thorium as internal 

standards. Results for mercury were obtained by atomic fluorescence (A P S Analytical 

Mercury Atomic Fluorescence Analytical System). 
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The sample is pumped into the nebulizer chamber of the IC·MS through small· 

diameter tubing by a peristaltic pump. In the nebulizer chamber, the liquid sample 

stream flows over an argon gas stream and is entrained in it as a fine aerosol mist. The 

sample~saturated argon is then aspirated into the torch. The plasma torch is sufficiently 

energetic enough (6000 to 8000 K) to desolvate the mobile phase droplets into dry 

particles, atomize the dry particles (provided the particles are less than approximately 10 

J.lm in diameter), and ionize the elements of interest in the amount of time (a few 

milliseconds) that it takes for the droplets/particles to traverse the length of the torch. 

The plasma torch is generated by passing argon gas through the center of a load coil 

through which a high alternating current (A C) is passed. The AC current, operated at 

radio frequencies (rf), induces a strong alternating magnetic field in the argon gas. An 

initial direct current (DC) electrical discharge though the gas causes some argon ions to 

form. The powerful alternating magnetic field then causes the few gas ions to rapidly 

move back and forth where they collide with other argon atoms. The ions strike other 

atoms with sufficient energy that they cause the loss of an electron and in the process 

create more ions and heat, which is the basis for the plasma. Thus the rf current sustains 

the plasma and provides the source of energy required to ionize the analytes of interest. 

Each ion striking the detector creates a pulse of electric current. Pulses for each 

mlz are counted and summed as a count rate or intensity. The greater the concentration of 

analyte in the original solution, the greater the number of pulses counted over a constant 

time interval, hence the greater the intensity. The count rate for analytes of interest in 

samples is fed back to the computer, where it is converted to a concentration using an 

intensity-to-concentration calibration curve obtained on standards. 



Eggshell quality 

Statistical Analysis 

The statistical techniques used followed the guidelines for statistical analysis 

radiological monitoring in the Regulatory Guide for Radiological Effiuent Monitoring 

and Environmental Surveillance of the U.S. Department of Energy (DOE) (US DOE 

12 

1991 ). Monitoring programs often include measurement of extremely low concentrations 

of radionuclides, below the detection limit of the counting instruments (US DOE 1991 ). 

All of the radio nuclides in the eggs were at less-than-dete~table measurements. In 

concordance with the DOE guidelines (US DOE 1991), aU of the actual values, including 

those that were negative, were included in the statistical analysis. Practices such as 

assigning a zero, the detection limit value, or some in-between value can severely bias the 

resulting parameters estimates and should be avoided. While it is important to present 

that all values are below the detection limits for each radionuclide in this study, 

differences between species, year, and locations were analyzed. Radionuclides were 

transformed to a lognormal distribution. 

The Statistical Analysis System (SAS Institute, Inc., 1987) was used for all 

statistical analyses, and assumptions for parametric statistics were examined. Analysis of 

covariance was used for all comparisons between locations and potentially contaminated 

areas (PROC GLM). Means for comparison group were compared with Duncan's 

Multiple Range Test. Data not normally distributed or having heteroscedastic variances 

were compared with Kolmogorov-Smimov nonparametric tests. Eggshell thickness was 

compared between species using egg volume as a covariate to control for thickness being 

correlated with egg size. Elevation was also used as a covariate in all analysis of 

variance (ANOV A) models. 
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All nestbox locations were obtained using a non-differentially corrected 

geographic positioning system (GPS) (Gannin GPS III Personal Navigator™, Olathe, 

KS, USA) with real-time frequency modulation correction. Locations were checked for 

accuracy, and contaminant data were accessed using ArcView© (ESRI 1996). 

RESULTS 

Radioisotopes 

Radioisotope analysis consisted ofamericium-241, cesium-237, plutonium-238, 

plutonium-239, and strontium-90 (Table 2). All radioisotopes were below the detection 

limit with several negative values, particularly with cesium-137 (Figure 2). 

Radioisotopes did not vary between species or locations, although values did differ 

between the five radioisotope types (F 4,60 == 9062, p < 0.000 l ). 

Organochlorines 

There was no difference in the total organochlorine concentration between the 

species (KS = 0.15, p = 0.35) (Figure 3; Table 3). All locations did not vary, although 

Sandia wetlands contained more 4,4' -DDE in eggs than other locations (Figure 4). 

Polychlorinated Biphenyls 

Many birds relatively high in one PCB were high in other PCBs (Table 4). Total 

PCBs did not differ between species (KS == 0.34, p = 0.53) or locations (KS = 0.34, 

p = 0.53). Several PCB congeners were found in 100% ofthe egg samples, including 

2,2' ,3,4,4' ,5,5'- Heptachlorobiphenyl (CAS #180) that had the highest amounts. 
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Table 2. Radioisotopes (pCi/g) in Western Bluebird (WEBL) and Ash-Throated 
Fl catcher A TFL at LANL and Surroundin Areas from 1997 through 2003 

Species Year Location AM-241 CS-137 PU-238 PU-239 SR-90 

WEBL 2001 DP 0.000 -1.200 0.006 0.013 0.110 

ATFL 2001 Bayo 0.003 -0.900 -0.010 0.005 -0.300 

WEBL 1999 LA 0.024 -0.500 -0.049 0.029 0.120 

WEBL 1999 Pueblo 0.000 -0.560 -0.005 0.005 0.210 

WEBL 1998 Bayo 0.006 -0.300 0.013 -0.006 0.550 

WEBL 2003 GC 0.011 0.100 0.031 -0.008 -0.030 

ATFL 2001 Pueblo 0.012 -0.800 0.000 0.010 0.340 

ATFL 1999 LA 0.011 -1.100 0.010 -0.005 0.170 

WEBL 1998 Bayo 0.015 -1.900 0.000 -0.005 0.310 

WEBL 1997 Bayo 0.029 -3.000 0.000 -0.019 0.600 

WEBL 1999 Pueblo 0.000 -0.900 0.029 0.042 0.200 

WEBL 2002 GC 0.024 1.600 ··0.009 -0.017 0.050 

WEBL 2003 Pueblo 0.007 -0.900 -0.013 -0.032 -0.200 

ATFL 2003 Pueblo 0.014 -3.500 0.009 -0.009 0.750 
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* Denotes Concetration Limits 

WEBL ATFL WEBL ATFL WEBL ATFL WEBL ATFL WEBL ATFL 
AM-241 AM-241 CS-137 CS-137 PU-238 PU-238 PU-239 PU-239 SR-90 SR-90 

Figure 2. Radioisotope concentrations for western bluebird (WEBL) and ash
throated flycatcher (ATFL) from 1997 through 2003 at LANL. 
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Figure 3. 4,4'-DDE and total organochlorine (OC) concentrations in western 
bluebird (WEBL) and ash-throated flycatcher (ATFL) eggs. 
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Table 3. Organochlorines (nglg) for Western Bluebird (WEBL) and Ash-Throated Flycatcher (ATFL) from 1997 through 
2003 on LANL and Surroundin!! A 

Species Location 
.... 

Year II) II) 0 

a c .... ::= ... u 
<II 0 0 0 

~ 1! 1! c ::= II) Q :a 
c.? u u ..9 0 :§ 0 a (.) 

0 <II 
:I: ::c -'= ::2 0 L1J f- s "C ..c c ~ ~ 
a::l c:l u u 0 0 0 ·a:; fr - 0 c II) z 0... 0... 
ds 

I I ;::,., 0 Cl 0 Q ::c :J ~ ::c ::c CQ.. N 

ATFL 2001 Mortandad ND* ND ND ND ND 17 ND 3 ND <I ND <I <3 <3 

WEBL 2002 Mortandad ND ND ND ND ND 53 ND <ll ND ND ND ND <22 <22 

WEBL 2001 Mortandad ND ND ND ND <I 23 ND <I ND ND ND <I <3 NR* 

WEBL 1997 Mortandad ND ND ND ND <I 10 I <I ND ND ND <I <2 NR 

WEBL 1998 Mortandad ND ND ND ND <I 18 2 <1 ND ND ND <I <3 <3 

ATFL 1998 Mortandad ND ND ND ND <I 53 8 ND ND ND ND <1 <2 NR 
ATFL 1998 Pueblo ND ND NO ND ND 3 0.8 0.8 ND ND NO 0.9 <1 NR 

WEBL 2001 Sandia ND ND <0.9 ND <0.9 282 2 ND ND ND ND 4 4 ND 

ATFL 200I Sandia ND ND ND NO <I 26 ND ND ND ND ND <I <2 NR 

WEBL 1998 Water NO NO <0.8 ND <0.8 5 <0.8 <0.8 NO NO ND 4 2 NR 

AFTL 1997 Bayo NO ND <2 NO ND 68 ND 5 ND ND ND <2 <4 NR 

WEBL 1999 Bayo NO NO ND ND ND 40 ND 2 ND NO ND 4 5 NR 

WEBL 1998 Bayo ND ND ND ND NO I6 2 0.6 ND 0.4 <I 0.9 2 0.4 

WEBL 1998 Cemetery ND NO ND ND ND I67 2 2 ND <0.6 <I 2 4 NR 

WEBL 1997 Cemetery ND ND NO NO <I 26 2 <1 ND <I <2 <1 <2 NR 

WEBL 2001 OP ND NO ND ND <I 118 7 8 NO <I ND <1 8 0.6 
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Table 3 Cont. 

Species Year Location 
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WEBL 1998 Golf ND ND 2 ND ND 160 ND 5 ND ND ND 

WEBL 1998 Golf ND ND <1 ND ND 136 ND 5.0 ND ND ND 
WEBL 2002 Golf ND ND <1 ND ND 41 ND 5 ND ND <1 

ATFL 1999 LA ND ND <I ND ND 21 ND 2 ND ND ND 

ATFL 2001 LA ND ND ND ND ND 64 ND 2 ND ND ND 

WEBL 2002 TA-35 ND ND ND 10 ND 52 <5 <5 ND ND ND 

WEBL 1998 AnchoC ND ND <I ND ND 8 ND <I ND ND <2 

WEBL 1999 Ancho C <1 ND <0.6 ND ND 12 ND 4 ND ND <2 

WEBL 1999 Bayo ND ND NO ND NO 60 <3 <3 ND ND ND 

ATFL 2001 Bayo ND ND <4 ND ND 71 ND <4 ND ND ND 

WEBL 2002 Bayo ND ND <0.7 ND <0.7 14 ND 1 NO ND <2 

WEBL IYY7 Hayo ND ND ND ND i...jD nn " " .... " 1\.TT\ ND 0"7 ... "" ....... . ....... 
WEBL 1999 Bayo ND ND ND NO <1 40 2 4.0 ND NO 3 

WEBL 1998 Bayo ND ND ND ND <2 88 3 <2 <2 ND ND 

ATFL 1999 Bayo ND ND <0.3 ND 0.4 19 I 1 0.4 <0.3 2 

WEBL 1997 Bayo ND ND ND ND ND 20 ND 3 ND ND ND 

• ND =Not detected; no instnunent response was detennined for this parameter. NR = Not reported; no value could be detennined for this parameter. 
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Figure 4. 4,4'-DDE in eggs between locations. 
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However, all amounts were under recorded levels ofPCBs that cause biological effects in 

birds (Eisler and Belisle 1996). 

Heavy Metals 

Heavy metal analyses consisted of chromium, manganese, nickel, copper, zinc, 

arsenic, selenium, silver, cadmium, antimony, barium, lead, and mercury (Table 5). All 

samples for cadmium, lead, and antimony were below detection levels. Metals, in 

general, did not vary much between eggs. Due to heteroscedasticity of the measurements 

and transformations, all comparisons were made using Kolmogorov-Smimov tests. 

There was no difference in heavy metals between the western bluebird and ash-throated 

flycatcher, except for barium, which was higher in the western bluebird (D = 0.76,p = 

0.0001) and mercury, which was slightly higher in the ash-throated flycatcher (D = 0.56, 

p = 0.013). Although barium was the most variable metal, it did not vary between 

locations (D = 0.28, p = 0.86). 



Table 4. PCBs (nglg) for Western Bluebird (WEBL) and Ash-Throated Flycatcher (ATFL) from 1997 through 2003 on LANL 
d Surroundine Areas1 tn 

Species WEBL WEBL WEBL WEBL ATFL 

Date 2002 1998 1999 1999 2001 
Location TA-35 Ancho Ancho Ba:to Ba:to 

5&8 NO NO NO NO NO 
31 & 28 NO NO NO <6 NO 

33 NO NO NO NO NO 
44 NO NO NO NO NO 
49 NO NO NO NO NO 
52 NO NO NO NO NO 

66 (a} NO NO NO <3 <4 

70 <5 NO <0.6 <3 <4 

74 5 NO <0.6 <3 <4 

77 {a) NO ND NO <14 NO 
84&101 <10 <2 <1 <6 <7 

95 (a) NO NO NO ND ND 
99 <5 <1 0.7 3 <4 

105 NO NO NO ND NO 
110(a) NO NO <1 <3 <4 

118 (a) <5 <1 <1 NO 6 
128 <5 <1 <0.6 <3 <4 

138&163 33 7 2 45 <7 

149 (a) <5 <1 <1 <3 <4 

153 70 19 4 126 25 

180 30 15 <0.6 109 14 
183 <5 <1 <0.6 12 <4 

187 23 2 <0.6 38 <4 

194 <5 3 <0.6 21 <4 

WEBL WEBL WEBL 
2002 1997 1999 

Ba:to Ba:to Ba:to 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
ND ND NO 
NO <1 <1 
ND <1 <1 
NO <1 4 
ND <7 <7 
<2 <3 <3 
NO 1 2 

<0.7 4 5 
NO NO <1 
<1 <1 <1 
<1 3 3 

<0.7 4 2 

15 46 16 
1 <1 <1 

25 102 67 
14 83 38 
3 13 7 

11 55 31 

2 34 96 

WEBL ATFL 
1998 1999 
Ba:to Ba:to 
NO <0.7 
<4 2 
NO NO 
NO 0.7 
NO <0.3 
NO <0.3 
<2 0.8 
<2 0.6 
<2 0.8 
NO <2 
<4 0.9 
2 0.4 
5 1 

<2 <0.3 
<2 0.5 
5 4 
4 0.6 
52 3 
<2 0.6 
85 7 
58 3 
7 <0.3 
40 2 
14 0.7 

WEBL 
1997 

Ba:to 
NO 
<6 
NO 
NO 
NO 
NO 
2 

ND 
<1 
NO 
<2 
<1 
2 

NO 
<1 
3 

<1 
13 
<1 
20 
6 
<1 
6 
3 

Otl 
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N 
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Table 4. Cont. 
Species ATFL WEBL WEBL WEBL WEBL 

Date 1997 1999 1998 1998 1997 
Location Cemete 

5&8 NO 
31 &28 <9 <6 <2 <1 <2 

33 NO NO <0.4 NO <1 
44 <2 NO NO NO NO 
49 NO NO NO NO NO 
52 <2 <1 <0.4 <0.6 <1 

66 (a) 4 ND <0.4 <2 <3 
70 <2 <1 <0.4 <0.6 <1 
74 3 8 0.6 1 2 

77 (a) <9 <2 NO NO NO 
84&101 <4 29 <0.8 1 <2 
95 (a) <2 <1 <0.4 <2 <3 

99 8 58 1 2 1 
105 3 <1 ND <0.6 ND 

110 (a) <2 2 <0.4 1 <1 
118 (a) 26 110 1 3 1 

128 8 80 2 2 2 
138&163 20 493 11 13 18 
149 (a) <2 8 <0.4 1 <1 

153 63 670 26 22 39 
180 31 196 12 12 34 
183 2 29 2 3 9 

187 11 128 7 10 23 
194 5 37 3 2 6 

--·-·---------

WEBL WEBL WEBL 
2001 1998 1998 
OP Golf Golf 
NO NO NO 
<2 <3 <3 
<1 <2 <1 
NO NO NO 
<1 NO ND 
<1 <2 NO 
<3 <4 <4 
<1 <2 <1 
12 2 2 
<3 NO NO 
40 6 5 
<3 <4 <4 
40 12 11 
9 NO NO 

15 2 <1 
85 3 <1 
27 4 4 
247 30 27 
16 5 <1 

428 46 40 
225 26 24 
43 5 5 
126 31 28 
24 6 6 

WEBL ATFL 
2002 1999 
Golf LA 

NO NO 
<2 <3 
<1 <2 
NO NO 
NO NO 
<1 <2 
<3 <4 
<1 <2 
2 3 

<3 <4 
<2 <3 
<3 <4 
4 3 

NO <2 
<1 <2 
<1 4 
2 2 

23 <3 
<1 <2 
49 11 
49 3 
6 <2 

22 <2 
12 <2 

ATFL 
2001 

LA 
NO 
<2 
<1 
NO 
NO 
<1 
<3 
<1 
2 

ND 
<2 
<3 
<1 
ND 
<1 
<1 
<1 
<2 
<1 
4 
2 

<1 
<1 
<1 
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Table 4. Cont 
Species ATFL WEBL WEBL WEBL WEBL 

Date 2001 2002 2001 1997 1998 
Location Mort Mort Mort Mort Mort 

5&8 NO NO NO NO NO 
31 &28 <3 NO NO <2 NO 

33 NO NO NO NO NO 
44 NO NO NO NO NO 
49 NO NO NO ND NO 
52 NO NO <1 <1 <2 

66 (a) <4 NO NO NO NO 
70 <1 <11 <1 <1 <2 
74 2 15 2 2 2 

77 {a) NO NO NO NO ND 
84&101 <3 <22 <3 <2 <3 
95 (a) <4 NO NO NO NO 

99 <1 <11 <1 <1 <2 
105 NO NO NO NO <2 

110 (a) <1 NO NO <1 <2 
118(a) <1 <28 NO <3 <4 

128 <1 <11 <1 <1 <2 
138&163 <3 43 6 3 <3 
149 (a) <1 <11 <1 <1 <2 

153 7 125 16 8 12 
180 5 64 7 3 6 
183 <1 <11 <1 <1 <2 
187 2 42 6 2 5 
194 <1 <11 <1 <1 <2 

·-~--·---

There were no detectable amounts of 18 and 200 & 20 I. 

ATFL ATFL WEBL 
1998 1998 2001 
Mort Pueblo Sandia 
NO NO NO 
<2 NO <2 
NO NO NO 
NO NO NO 
NO NO <1 
<1 <0.5 <1 
<3 NO NO 
<1 <0.5 NO 
2 0.9 2 

ND NO NO 
<2 <1 13 
<1 NO <1 
<1 0.8 9 
<1 <0.5 NO 
<1 ND 1 
<3 <1 <3 
<1 0.9 12 
<2 J i37 
<1 <0.5 4 
7 9 377 
4 6 271 

<1 0.9 36 
2 3 159 

<1 0.8 44 

ATFL 
2001 

Sandia 
NO 
<2 
NO 
NO 
NO 
<1 
NO 
ND 
NO 
NO 
<2 
NO 
<1 
NO 
NO 

NO 
1 

<2 
NO 
8 
4 

<1 
2 

<1 

WEBL 
1998 

Water 
NO 
<2 
NO 
NO 
<0.8 
0.9 
NO 
NO 
NO 
NO 
<2 
<1 

<0.8 
ND 
<1 
<1 

<0.8 .... ... ~ 
<1 
2 

<0.8 
<0.8 
<0.8 
<0.8 
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Table 5. Heavy Metals (mg/kg) for House Wren (HOWR), Western Bluebird (WEBL), and Ash-Throated Flycatcher (ATFL) 
97 throul!h 2003 on LANL and Surroundinl! A -- -- - - ·"'-~ 

s cu s >. 
"' 
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;::l cu 0 (!) ·a .... ;:I 1:: § .... '§ c g cu 0 "'C ;::l 
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HOWR 1997 Embryo32 < 1 1.0 < 1 1.6 23 < 0.1 < 1 0.12 < 0.1 < 0.1 4.9 < 0.1 0.022 

WEBL 1999 Ancho < 1 0.38 <1 2.1 10 < 0.1 <1 < 0.1 < 0.1 < 0.1 1.6 < 0.1 0.037 ' 

WEBL 1998 Ancho < 1 0.35 < 1 2.6 14 < 0.1 < 1 0.10 < 0.1 < 0.1 1.8 <0.1 0.10 

WEBL 1997 Bayo <1 0.41 <1 1.3 10 < 0.1 <1 < 0.1 < 0.1 < 0.1 1.8 < 0.1 o.o64 I 
WEBL 1998 Bayo < 1 2.8 < 1 3.2 56 < 0.1 3.1 0.10 < 0.1 < 0.1 9.2 < 0.1 0.12 
WEBL 1998 Bayo < 1 0.58 < 1 2.9 20 < 0.1 < 1 < 0.1 < 0.1 < 0.1 2.5 0.13 0.068 
WEBL 1999 Bayo < 1 0.95 < 1 3.0 24 < 0.1 < 1 < 0.1 < 0.1 < 0.1 3.4 < 0.1 0.058 

WEBL 1998 Bayo < 1 0.73 < 1 1.1 12 < 0.1 < 1 < 0.1 < 0.1 < 0.1 0.78 < 0.1 0.060 
WEBL 1998 Bayo < 1 0.59 <1 2.3 12 < 0.1 < 1 < 0.1 < 0.1 < 0.1 2.9 < 0.1 0.043 I 

WEBL 1999 Bayo < 1 0.60 <1 4.0 11 < 0.1 < 1 < 0.1 < 0.1 < 0.1 1.0 < 0.1 0.030 

ATFL 1999 Bayo < 1 0.48 < 1 1.2 6.7 0.43 < 1 0.14 < 0.1 < 0.1 0.18 < 0.1 0.11 I 
WEBL 2001 Bayo <1 2.7 < 1 4.1 37 1.3 2.9 0.10 < 0.1 < 0.1 6.7 < 0.1 0.51 ! 

WEBL 1997 Bayo < 1 0.62 < 1 1.9 13 < 0.1 < 1 < 0.1 < 0.1 < 0.1 1.9 < 0.1 0.031 
I 

WEBL 2002 C.D. Buey < 1 1.1 < 1 4.5 25 0.68 2.1 0.10 < 0.1 < 0.1 7.5 < 0.1 0.13 
WEBL 1998 DP < 1 0.59 < 1 1.1 12 < 0.1 < 1 < 0.1 < 0.1 < 0.1 2.3 < 0.1 o.o33 1 

WEBL 1998 OX Water < 1 0.26 < 1 0.50 7.0 0.66 < 1 < 0.1 < 0.1 < 0.1 0.94 < 0.1 0.045 
ATFL 2001 Gate 11 <1 0.34 < 1 1.4 11 < 0.1 < 1 < 0.1 < 0.1 < 0.1 0.45 < 0.1 0.024 
WEBL 1999 Gate 9 <1 0.34 < 1 0.92 12 < 0.1 < 1 < 0.1 < 0.1 < 0.1 1.6 < 0.1 0.021 
ATFL 2001 LA <1 0.70 <1 3.5 17 < 0.1 1.2 < 0.1 < 0.1 < 0.1 0.34 < 0.1 0.069 
ATFL 1999 LA < 1 0.32 < 1 1.3 11 < 0.1 < 1 < 0.1 < 0.1 < 0.1 0.43 < 0.1 0.043 
ATFL 2002 LA <1 0.83 < 1 2.4 19 < 0.1 1.7 < 0.1 < 0.1 < 0.1 0.87 < 0.1 0.30 
ATFL 1997 LA <1 0.53 < 1 1.7 6.1 < 0.1 < 1 < 0.1 < 0.1 < 0.1 0.12 < 0.1 0.15 

I ATFL 2001 LA 1.0 2.7 < 1 4.6 43 < 0.1 2.6 < 0.1 < 0.1 < 0.1 1.2 < 0.1 0.19 
ATFL 1999 LA <1 4.4 2.8 1.2 15 < 0.1 < 1 < 0.1 < 0.1 <0.1 0.29 < 0.1 0.10 ! 

I 
I 

ATFL 1998 LA < 1 0.34 < 1 1.3 11 < 0.1 < 1 < 0.1 < 0.1 < 0.1 0.31 < 0.1 0.11 I 

ATFL 2002 LA < 1 0.30 < 1 1.5 9.6 < 0.1 < 1 < 0.1 < 0.1 < 0.1 0.38 < 0.1 0.14 I 

WEBL 1998 LA < 1 0.46 <1 1.5 17 < 0.1 < 1 < 0.1 < 0.1 < 0.1 4.4 < 0.1 o.o29 I 
-------
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Table 5. Cont. 

8 Q) 

rn s:: rn 
::s Q) - 1-< 

C1) a 0 s:: ] C1) 
·~ -~ ·a 0. u 
u Q) t'd u p.. s:: 
C1) ;;.... u 0 ClO N P.. 0 .E ~ z 0 

en u ~ u ~ 

ATFL 1998 Mort <1 0.89 < 1 1.7 21 
WEBL 2001 Mort <1 < 0.1 < 1 1.1 7.1 
ATFL 2001 Mort < 1 0.18 < 1 1.7 7.1 
WEBL 1999 Mort <1 < 0.1 < 1 1.9 8.5 
WEBL 1998 Pueblo < 1 < 0.1 < 1 1.7 5.9 
WEBL 1998 Pueblo <1 0.87 < 1 3.0 26 
ATFL 2001 Pueblo <1 6.2 < 1 4.8 40 
MOBL 1998 TA33 <1 1.0 < 1 1.1 20 
WEBL 1997 TA33 <1 0.45 < 1 1.2 10 

8 2 u E ·a ::s ... ::s 0 Q) 
·~ 

Q) ·s ;;. e 8 rn Q) - ~ < - 00 ~ 
C1) t'd 
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< 0.1 1.4 < 0.1 < 0.1 <0.1 
< 0.1 < 1 < 0.1 < 0.1 < 0.1 
< 0.1 <1 < 0.1 < 0.1 < 0.1 
< 0.1 < 1 < 0.1 < 0.1 < 0.1 
< 0.1 <1 < 0.1 < 0.1 < 0.1 
< 0.1 1.1 < 0.1 < 0.1 < 0.1 
< 0.1 2.0 < 0.1 < 0.1 < 0.1 
< 0.1 1.1 < 0.1 < 0.1 < 0.1 
< 0.1 <1 <0.1 < 0.1 <0.1 
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0.54 < 0.1 
0.84 < 0.1 
0.33 < 0.1 
3.9 < 0.1 

0.80 <0.1 
4.1 < 0.1 
2.9 < 0.1 
2.5 < 0.1 
4.4 < 0.1 
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Polycyclic Aromatic Hydrocarbons 

There was no difference in the concentration ofPAHs in the eggs between the two 

species (Table 6). There were also patterns for P AHs across locations. Most birds had a 

pattern of PAH concentrations, that is, individual birds had either low or medium levels 

ofPAHs. Three western bluebirds had a much higher sum total ofPAHs; one from 

Mortandad Canyon (sum ofPAHs = 936 ng/g), upper Mortandad Canyon (756.09 ng/g), 

and Bayo Canyon (348.04 ng/g). There was no difference in PAHs concentration per 

year (K = 0.17, p = 0.99). 

DISCUSSION 

In the first three years of this study, western bluebirds and ash-throated 

flycatchers had similar hatching success and hatching success was not correlated with 

elevation, Julian hatch date, or distance to nearest potential contaminated location (Fair 

and Myers 2002). There was no variation in percent hatching among the different areas 

for the western bluebird, but in two areas ash-throated flycatcher had below average 

hatching success (Technical Area 33 and Los Alamos Canyon) (Fair and Myers 2002). 

Hatching success can be an important parameter as unhatched or unviable eggs can have 

higher concentrations ofPCBs (Becker et al. 1993). Although we did not have viable 

eggs for comparison, the use of nonviable eggs can be a more conservative estimate of 

contaminants concentrations due to the potential increase in contaminants. 

The ash-throated flycatcher eggs were longer than the bluebird eggs (F 1. 94 = 7.19, 

p = 0.009). Western bluebirds had a much thicker shell than the ash-throated flycatcher. 

There appears to be more variation with the eggshell index for the bluebirds in regards to 



Table 6. PAHs (nglg) for Western Bluebird (WEBL) and Ash-Throated Flycatcher (ATFL) from 1997 through 2003 on LANL 
Surround'-- • · 1 ..... - -· 

Species Year Location ACY2 ACE2 ANT2 BAA2 CHR2 BBF2 BKF2 FLA2 FLU2 PHE2 PYR2 BAP2 IPE2
! 

I 
ATFL 2001 Mortandad <15 ND <15 <15 <15 ND ND <15 <15 <15 <15 ND ND i 

I 

WEBL 2002 Mortandad <117 <117 <117 ND <117 ND ND <117 <117 <117 <117 NO ND 

WEBL 2001 Mortandad <14 ND <14 <14 <14 ND NO <14 <14 15.69 <14 ND ND 

WEBL 1997 Mortandad <12 <12 <12 <12 <12 NO NO <12 <12 <12 <12 ND ND 

WEBL 1998 Mortandad <16 <16 <16 <16 <16 ND NO <16 <16 <16 <16 ND ND 

ATFL 1998 Mortandad <12 <12 <12 <12 <12 NO ND <12 <12 <12 <12 ND ND I 

ATFL 1998 Pueblo <6 <6 <6 ND ND NO ND <6 <6 <6 <6 ND NO I 

WEBL 2001 Sandia <10 <10 <10 <10 <10 ND ND <10 <10 <10 <10 ND ND I 

ATFL 2001 Sandia <11 <11 <11 <ll <11 ND ND <11 <11 <II <11 ND ND 

WEBL 1998 Water <9 <9 <9 <9 12 NO ND <9 <9 <9 <9 NO ND 
I 

AFTL 1997 Bayo NO <20 NO NO <20 ND ND <20 <20 <20 <20 NO ND 

WEBL 1999 Bayo NO <13 <13 ND <13 ND ND <13 <13 <13 <13 ND ND 

WEBL 1998 Bayo <5 <5 <5 ND <5 NO NO <5 <5 <5 <5 ND ND I 

WEBL 1998 Cemetery <7 <7 <7 NO <7 ND ND <7 <7 <7 <7 ND ND I 

WEBL 1997 Cemetery <11 <11 <11 <11 <11 ND ND <11 <11 <11 <11 ND ND 

WEBL 2001 DP <13 <13 <13 <13 <13 ND ND <13 <13 <13 <13 NO ND 

WEBL 1998 Golf <18 <18 <18 <18 <18 NO 
I 

NO <18 <18 <18 <18 ND ND 
-- -- - - -- -
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Species Year Location ACY2 ACE2 ANT2 BAA2 CHR2 BBF2 BKF2 FLA2 FLU2 PHE2 PYR2 BAP2 IPE2 

WEBL 1998 Golf <15 <15 <15 <15 <15 ND ND <15 <15 <15 <15 ND 

WEBL 2002 Golf <12 <12 <12 <12 <12 ND ND <12 <12 <12 <12 ND 

ATFL 1999 LA <17 <17 <17 ND <17 ND NO <17 <17 <17 <17 ND 

ATFL 2001 LA <12 <12 <12 ND <12 ND ND <12 <12 <12 <12 ND 

WEBL 2002 TA-35 ND <54 <54 <54 <54 ND ND NO <54 <54 <54 ND 

WEBL 1998 Ancho <12 <12 <12 <12 <12 ND ND <12 <12 <12 <12 ND 

WEBL 1999 Ancho <7 <7 <7 <7 <7 <7 <7 <7 <7 <7 <7 <14 

WEBL 1999 Bayo ND ND <32 <32 ND ND NO <32 <32 <32 <32 NO 

ATFL 2001 Bayo NO NO ND ND <39 <39 <39 <36 <39 <39 <39 <78 

WEBL 2002 Bayo <8 <8 <8 <8 <8 <8 <8 <8 <8 <8 <8 ND 

WEBL 1997 Bayo <14 <14 ND <14 <14 ND NO <14 <14 <14 <14 ND 

WEBL 1999 Bayo <16 ND NO <16 <16 ND NO ND <16 <16 26 ND 

WEBL 1999 Bayo ND <23 ND ND ND ND NO <23 <23 <23 <23 ND 

ATFL 1999 Bayo <4 <4 <4 <4 <4 ND ND <4 <4 <4 <4 <8 

WEBL 1997 Bayo <12 <12 <12 NO <12 ND ND <12 <12 <12 <12 ND 
- - ~ 

There were no detectable amounts ofbenzo(g,h,i)perylene and dibenzo(a,h)anthracene. 
2 ACE= acenapthene, ACY = acenaphthylene, ANT= anthracene, BAA= benzo(a)anthracene, BAP = benzo(a)pyrene, BBF ~ benzo(b)fluoranthene, BKF = 
benzo(k)fluoranthene, CHR = chrysene, FLA = fluoranthene, FLU= fluorene, IPE = indeno(l,2,3-cd)perylene, PHE =phenanthrene, and PYR = pyrene. 
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location, ranging from 11.3 to 18.2 (F6, 72 ;:::: 3.33,p;:::: 0.007 (Fair and Myers 2002). 

Sandia wetland contains eggs with an average eggshell index 9% thinner than the other 

six locations with more than four eggs collected (Duncan's Multiple Range Test) (Fair 

and Myers 2002). Clutch size for both species also did not vary with the type of potential 

release site or between potentially contaminated sites and sites farther away. 

All the egg radioisotope levels below detection limits were similar to previous 

studies at LANL, including deer and elk radionuclides (Fresquez et al. 1999) and in areas 

of special concern for radioisotopes with low and background levels (Ferenbaugh et al. 

2002, Soholt et al. 2003). Clearly, in this study radioisotopes are not accumulating and 

being passed on to the egg. 

Two other important factors involved in shell thickness may be prior exposure to 

DDT on wintering grounds and taxon-specific response to DDT. The flycatchers migrate 

south from New Mexico, although it is not known specifi.cally where they migrate. 

Mexico and several countries in Central America continue to use DDT pesticides that 

could be an exposure route to the migratory birds from North America. Banded bluebirds 

in this study were spotted throughout the winters on the ]>ajarito Plateau. Western 

bluebirds in the southwestern part ofNorth America may only migrate in colder and 

moister years (J. Guinan, personal communication). 

One category of contaminants of concern for eggshell thinning is the PCBs. 

Numerous studies have investigated the effects of chlorinated hydrocarbons on eggshells 

(Ratcliffe, 1967; Hickey and Anderson, 1968; Anderson and Hickey, 1970; Blus et al., 

1972~ Cooke 1973; Morrison and Kiff 1979; Weimeyer j~t al., 1984; Lundholm, 1987; 

Fair et al., 1994). In the previous study by Fair and My~:rs (2002), Sandia Canyon was 
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the only location that had a measurable decrease in eggshell thinning. In this study, 

Sandia Canyon was the only location that had higher PCB and DDE concentrations than 

other locations. PCB concentrations were all less than 2 ppm and are less than levels 

associated with adverse effects to birds (Eisler and Belisle 1996). Sandia Canyon is a 

canyon of concern for potential environmental releases ofPCBs (Bennett et al. 1999, 

2001). 

The results of this study show that while these two nesting species at LANL are 

exposed to some contaminants of ecological concern, most levels were either below 

detection limits, background levels, or levels known to cause biologically relevant 

impacts. All radioisotopes were below detection limits for all samples. 
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