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Abstract

The mountain plover (Charadrius montanus) is a shorebird that primarily inhabits dry upland
sites, such as shortgrass prairie and shrub-steppe landscapes during both wintering and breeding
seasons. Nesting occurs primarily in Montana, Wyoming, Colorado, and New Mexico. The
birds winter in the Central and Imperial Valleys of California as well as Arizona, Texas, and
Mexico. Conversion of the mountain plovers’ native grassland habitat to agricultural lands in
both breeding and wintering areas has resulted in these birds using farmlands for feeding and
roosting. Both the Central and Imperial Valleys report year round agriculture with over 809,400
ha (2 million acres) in production; but, these habitat preferences expose wintering mountain
plovers to contaminants associated with agricultural practices, including current use pesticides
and their adjuvants, persistent chemicals from historic applications, inorganic elements from
irrigation drainwater, and chemicals present in the irrigation water. To evaluate the exposure of
mountain plover to contaminants, we collected soil and food items at both their wintering and
breeding grounds in 2006. We also collected eggs (2006-2008) to determine exposure of
developing embryos to contaminants transferred by adults.

Some elevated levels of inorganic elements were found in soil and terrestrial insect food items of
the mountain plover at both wintering and breeding sites but none of these was elevated in the
eggs. Organic contaminants in soil and insects collected from breeding grounds were very low.
However, several organic contaminants were elevated in soil and insect samples from the
wintering grounds, which were also elevated in the eggs. These elevated levels of contaminants
in eggs were likely the result of accumulation in adults ingesting insects and soils at the
wintering grounds and then transferring them to the embryo when egg-laying occurred.

Specifically, residues of DDT (0,p’ and p,p’) and its metabolites DDD (o,p” and p,p’) and DDE
(o,p’ and p,p’) were detected in virtually all of the soil samples from the wintering grounds. In
the Imperial Valley soils, concentrations of total DDT ranged from slightly below to more than
ten-times above the Ecological Soil Screening Level of 22 ng/g dry weight (dw) for protection of
avian species. Dieldrin and aldrin were also detected but were below level established for the
protection of avian species. DDE was detected in all invertebrate samples, reflecting the wide-
spread occurrence of DDT in general. The DDE concentration in invertebrates tended to be
between 0.5 to 5.0 times the concentration in corresponding soil samples and total DDT
concentrations were higher in invertebrates than the soil collected from the same location
demonstrating the potential for these contaminants to bioaccumulate in the tissues of soil
invertebrates, which are then ingested by mountain plover.

DDE was detected in all eggs collected from breeding sites in 2006. Concentrations ranged from
5 ng/g to 5,400 ng/g wet weight (ww) for eggs from Montana (n = 7), from 10 to 930 ng/g ww
for eggs from Wyoming (n = 7), and from 11.0 - 11,500 ng/g ww for eggs from Colorado (n =
5). Furthermore, two eggs from Montana had DDE concentrations (3,000 and 5,400 ng/g ww)
that were at least as high as those found to adversely affect productivity in pelicans. Two eggs
from Colorado were near this concentration as well (2,700 and 2,900 ng/g ww) with an



additional egg having a concentration (11,500 ng/g ww) approaching that known to affect bald
eagle reproduction.

In 2007, mountain plover eggs were collected from breeding sites in Colorado and Wyoming.
All eggs had detectable levels of p,p’-DDE (range = 35 — 51,200 ng/g ww, n = 6), with the
highest concentration found in an egg from Colorado. This concentration (51,200 ng/g ww) is
well above the 300 ng/g shown to cause colony failure in brown pelicans and above the 16 ug/g
ww level shown to cause complete nest failure in eggs of bald eagles. This egg also had
detectable concentrations of 0,p’-DDT, dieldrin, heptachlor epoxide, oxychlordane, and PCBs,
which, if acting additively, increases the potential for adverse effects.

In 2008, eggs were collected from BLM lands, Phillips County, Montana (n = 8). DDT or one of
its metabolites was detected in seven of the eight mountain plover eggs. DDE concentrations in
two eggs (47,500 ng/g ww and 53,200 ng/g ww) were very high. It is possible these two eggs
were not viable because of the DDE concentrations and the likelihood of either additive or
synergistic effects from the other detected organochlorine residues.

Archived mountain plover eggs (n = 13) collected in 2003 were submitted for organic chemical
analyses to demonstrate the presence of organic compounds and that exposure to mountain
plover is ongoing. DDT was detected in three eggs and DDE was detected in all eggs with
concentrations ranging from 192 ng/g dw to 292,000 ng/g dw. The egg with the highest
concentration (192,000 ng/g dw or 80,000 ng/g ww) also had many other organic contaminants
detected that could contribute additive toxicity to the embryo. It is unknown if this egg was
viable when it was collected, but it is unlikely the egg would have hatched.

Data from this study provides information on the contaminant exposure of young-of-the-year
birds (as developing embryos and as nestlings) prior to their migration to the presumed more
contaminated wintering grounds. Although, we did not specifically investigate nest success or
embryo survival, it is possible that the elevated levels of some organic contaminants detected
would affect chick survival or cause reproductive failure. A future study investigating
reproductive success is warranted to answer this question.
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INTRODUCTION

The mountain plover (Charadrius montanus) is a shorebird that primarily inhabits dry upland
sites, such as shortgrass prairie and shrub-steppe landscapes during both wintering and breeding
seasons. This plover prefers and often breeds in black-tailed prairie dog (Cynomys ludovicianus)
towns, especially in areas where taller grasses surround the dog town, but they will also breed in
fallow fields and recently plowed ground (Knopf 1996). Nesting occurs primarily in Montana
(including three different National Wildlife Refuges (NWRs), Charles M. Russell, Lake Mason,
and Hailstone), Wyoming, and Colorado; although new data suggest that New Mexico may have
comparable numbers. The birds winter in the Central and Imperial Valleys of California,
Arizona, Texas, and Mexico (Figure 1; NatureServe 2010). Approximately half the entire United
States population winters in California (Andres and Stone 2009; USFWS 2011), with the
Imperial Valley becoming the increasingly favored location. Conversion of the mountain
plovers’ native grassland habitat to agricultural lands in both wintering and breeding areas has
resulted in the birds using farmlands for feeding and roosting (Knopf and Rupert 1995),
particularly in boath the Central and Imperial Valleys where over 809,400 ha (2 million acres)
are in production all year. This intensive production results in increasing dependence on
agricultural chemicals and potential increased exposure of mountain plovers to applied pesticides

and fertilizers.

In 1982, the U.S. Fish and Wildlife Service (Service) designated the mountain plover as a
category 2 candidate species, meaning that more information was necessary to determine the
status of the species. In 1990, a status report suggested Federal listing under the Endangered
Species Act may be warranted, and in November of 1994, the status of the mountain plover was
elevated to a category 1 candidate species (USFWS 1999a). In 1999, the Service proposed to list
the mountain plover as a threatened species, but in 2003, determined that the listing was not
warranted (USFWS 2003a). On November 16, 2006, Forest Guardians and the Biological
Conservation Alliance filed a complaint in the District Court for the Southern District of
California challenging the withdrawal of the proposal to list the mountain plover (Forest
Guardians, et al. v Ken Salazar et al., Case No. 3:06-cv-02560-MMA-BLM).
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Figure 1. General location of mountain plover wintering grounds in California and breeding
grounds in Montana, Wyoming, and Colorado.

A settlement agreement between the plaintiffs and the Federal defendants was filed on August 8,

2009. As part of the settlement, the Service agreed to reconsider its 2003 decision to withdraw

the proposed listing of the mountain plover and to submit to the Federal Register by July 31,

2010, a notice re-opening the proposal to list the mountain plover and provide for public

comment. It was agreed that upon publication of the notice, the 2003 withdrawal of the proposed
2



rule would be vacated. After a thorough review of all available scientific and commercial
information, the Service determined that the mountain plover is not threatened or endangered

throughout all or a significant portion of its range as of May 12, 2011.

Although the mountain plover has never been a listed species, it is protected under the Migratory
Bird Treaty Act (16 U.S.C. 703) and is on the Service’s Birds of Conservation Concern list
(USFWS 2008). Current mountain plover population estimates approximately 20,000 birds
(USFWS 2011). Based on data from the Breeding Bird Survey, plover population declined by
67% from 1966 to 1993 (Knopf 1996) but this decline has currently moderated (USFWS 2011).
Because contaminant concerns have been identified as potentially affecting the mountain plover
and potentially contributing to its decline (USFWS 1999a; USFWS 2002), this investigation was
designed to address this gap.

Specifically, while wintering in the Imperial Valley of California, mountain plovers spend the
early winter in harvested or fallow alfalfa fields before switching over to Bermuda grass fields
after the fields are burned in late winter (F. Knopf, USGS-BRD, Pers. Comm. 2/05). These
habitat preferences expose wintering mountain plovers to contaminants associated with
agricultural practices, including current use pesticides and their adjuvants (e.qg.,
organophosphates and carbamate pesticides, and herbicides), persistent chemicals from historic
applications (e.g., organochlorine pesticides), trace elements from irrigation drainwater (e.g.,
selenium), chemicals present in the irrigation water (e.g., perchlorate), and fertilizers. Although
the potential for direct exposure to organophosphate and carbamate pesticides may be limited
because certain applications occur when plovers are not using the fields (Wunder and Knopf
2003, USFWS 2003a), some of these pesticides (along with adjuvants and carriers) are classified
as moderately persistent and residues can remain in the fields and be accumulated by wintering
plovers. Numerous pesticides are applied to alfalfa and Bermuda grass fields in the Imperial
Valley that can adversely affect the long-term health of birds or their offspring. Some of these
applied pesticides are known immunosuppressors in mammals (effects to birds have not been

studied) and some are known endocrine disruptors.



Mountain plover exposure to environmental contaminants is not restricted to the wintering
grounds. Although more limited, plovers on their breeding grounds may be exposed to
insecticides used for grasshopper control, as well as DeltaDust, a synthetic pyrethroid used in
some prairie dog towns to control the primary vector (fleas) of the plague bacterium Yersinia

pestis.

To evaluate plover exposure on both wintering and breeding grounds, this study assessed (1)
contaminant concentrations in likely food items consumed by mountain plovers at their wintering
grounds; (2) exposure of developing embryos to contaminants transferred by adults to eggs; and,
(3) contaminant levels in likely food items of nestling and adult plovers while on their breeding
grounds. Data from objectives two and three will provide information on contaminant exposure
by young-of-the-year birds (as developing embryos) before migrating to the presumed more

contaminated wintering grounds.

METHODS

Overall, samples of soil and soil invertebrate samples were collected from five wintering
locations and seven breeding areas. Presumed viable plover eggs were collected in 2006 and
2007 from breeding areas in Colorado and Wyoming and abandoned or failed-to-hatch eggs were
collected in 2006 and 2008 in Montana. Additional eggs collected from Wyoming and archived

in 2003 were also analyzed for contaminants as part of this study.

Study Sites

Wintering grounds
Sampling sites for wintering mountain plovers included several locations in the Imperial and

Central Valleys of California (Figure 2) with one on-refuge site at the Kern NWR (K15) in the
Central Valley and four sites in the Imperial Valley. Imperial Valley sites included one on-
refuge field within the boundaries of the Sony Bono Salton Sea (SBSS) NWR (SB420) and three
off-refuge fields nearby (J20, J22, K18). The two on-refuge sites, one on SBSS NWR (Imperial

Valley) and one at Kern NWR (Central Valley) were selected based on recommendations by
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NWR managers. The three off-refuge sites in Imperial Valley were selected based on reports of
where plovers were found foraging prior to spring migration and where permission to sample

could be obtained from property owners and managers.

Kern NWR

Kern NWR is located in the historic Tulare Lake Basin in an area once covered by an inland lake
and wetland complex totaling over 252,938 ha (625,000 acres). The refuge was established on
November 18, 1960, and covers 4,297 ha (10,618 acres). It is located approximately 30.6 km (19
miles) west of the city of Delano in the San Joaquin Valley, and all of the land within the Refuge
boundary is controlled by the Service. Habitats within the refuge include seasonally flooded
marshes, grasslands, akali scrub/playas, and riparian lands. The refuge contains one of the few
remaining wetlands left in the area and is intensively managed to produce habitat for migrating
and wintering waterfowl and other waterbirds. This includes the creation of marsh conditions
and other diverse habitat production to ensure the lands will provide a continuing food source for
the birds (USFWS 2005).

The sampling location on Kern NWR is one of the few parcels managed for upland endangered
species, primarily reptiles and small mammals, but it also may attract mountain plovers (Figure
3). Vegetation in the field that was sampled included mixed grasses, with patches of scrub such
as iodine bush (Allenrolfea occidentalis), suaeda (Suaeda sp.), and alkali heath (Frankenia
salina). According to refuge management, the field had not been farmed for many years with
grazing used to control non-native grasses. Pixley NWR, established on November 17, 1959, is
located approximately 30.6 km (19 miles) south of the city of Tulare in the San Joaquin Valley.
The NWR is located within the Tulare Basin, of which Tulare Lake is the lowest portion. This
refuge has agricultural fields with annual grasses that are used by mountain plovers, but the site
could not be sampled due to concerns about potential impacts on the federally endangered blunt-

nosed leopard lizard (Gambelia silus).
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Figure 3. Kern National Wildlife Refuge sampling location.

Sonny Bono NWR

The on-refuge site in Imperial Valley was near the off-refuge sample sites but within the
boundaries of the SBSS NWR (Figure 4). Mountain plovers were not reported present on refuge
lands, but the field selected by the Refuge Manager is managed in a way that may attract plovers
in the future. Specifically, the field was used to cultivate rye grass (Lolium sp.), which is then
grazed by cows. Rye grass is the preferred crop because it requires much less pesticide use than
Bermuda grass. According to the Refuge Manager, this field has been treated occasionally with

a dicamba formulation to control invasive plant species.



Imperial Valley — Off-Refuge Fields
The three off-refuge sites in the Imperial Valley were selected based on reports of where plovers
were found to forage prior to spring migration and where permission to sample could be obtained

from property owners and managers (Figure 4).
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Figure 4. SBSS NWR and Imperial Valley sample locations.

The three off-refuge sites (J20, J22, and K18) were active agricultural fields. All three fields
were subjected to post-harvest burns prior to use by the plovers. Between March, when the
plovers left, and the first of May, when samples were taken, the fields were tilled and grasses had
re-grown to a height of approximately 15.2 cm. Records of pesticide use for individual fields
were not readily available. However, two fields (J20 and J22) were replanted with Bermuda

grass, assumed to have been treated with the fumigants (e.g. sulfur) and pesticides typically
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employed for Bermuda grass crops in Imperial Valley (Pesticide Action Network 2010). The
third agricultural field (K18) had a mix of grasses indicating that it may have gone fallow that
season. As such, K18 may not have been treated with products used for Bermuda grass

cultivation prior to sampling.

Breeding Grounds

Several known breeding grounds in Montana, Wyoming, and Colorado were selected as study
sites. This included public lands administered by the Bureau of Land Management (BLM), U.S.
Forest Service (USFS), and the Service’s NWR system.

U.S. Fish & Wildlife Service Wyoming Ecological Services
<> Mountain Plover Sample Locations - Wyoming
= Wyoming |
S W & Sample Points
|
ooy j I:l FWS Refuge Lands
] o
5 - Cther Federal Lands
Gillette
1 Woriand T_hunder Basin
3 National Grassland st
% L
The 3
F )
Caspel
i Douglas

pasy
4
1]
K Wheatlal £l
flemmerss \Qb Rawlins
Diamondvite
Green (]
85!
e 5. Laramie
=3 Cheyeni
in
Created By: FWS WYES 0 25 50 75 100 Miles N
Map Date: 211012011 [ C— ]
Source: FWS | BLM | USGS | :
BOC | National Atlas | ESRI e ometers A

Figure 5. Sampling locations in Wyoming.



Wyoming

Study sites in Wyoming included the Thunder Basin National Grassland (TBNG) with an
adjacent area near the Antelope Coal Mine (ACM) and Foote Creek Rim (FCR) in souther
Wyoming (Figure 5).

TBNG, managed by the Douglas Ranger District of the USFS, is located in northeastern
Wyoming in the Powder River Basin with the Big Horn Mountains to the west and the Black
Hills to the east (Figure 6). The area consists primarily of shortgrass prairie and sagebrush,
which provides habitat for white-tailed deer (Odocoileus virginianus), mule deer (Odocoileus
hemionus), pronghorn antelope (Antilocapra americana), numerous small mammals, and a
variety of raptors and songbirds (USFS 2010).
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Figure 6. Thunder Basin National Grassland sampling locations.
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An additional breeding area, located on Foote Creek Rim (FCR) near the Arlington Wind Plant
in southeastern Wyoming was also selected as a study area (Figure 7). FCR is a remote, treeless
plateau consisting of shortgrass prairie. Located between the towns of Laramie and Rawlins, the
area is considered one of the windiest places in America. It is important habitat for white-tailed

deer, mule deer, pronghorn antelope, elk (Cervus elaphus), and numerous species of small
mammals, raptors, and passerines (BLM 2010).
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Figure 7. Foote Creek Rim sampling locations.

Archived Mountain Plover Egg Sampling Locations
Archived mountain plover eggs collected in 2003 were submitted for organic chemical analysis

using funds from this investigation. This information was used to demonstrate the ongoing
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exposure of mountain plover to organic compounds. Sites sampled in 2003 included a site in
Albany County and another in the Shirley Basin located in Carbon County in southern Wyoming
(Figure 8). These high elevation grasslands consist primarily of mixed-grass prairie and
sagebrush, which supports pronghorn antelope, domestic cattle, and black-tailed prairie dogs
(Plumb 2004). A third site, located in Park County in the northwestern Wyoming, was also
sampled (Figure 8). This area is a desert-shrub dominated by greasewood (Sarcobatus
vermiculatus) with some sagebrush and mixed grass prairie interspersed. Pronghorn antelope,
domestic sheep and cattle, and white-tailed prairie dogs (Cynomys leucurus) are the primary
inhabitants (Plumb 2004).
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Figure 8. Archived mountain plover egg sampling locations.
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Colorado

Mountain plovers nest across the eastern plateau region of Colorado, including a breeding
stronghold in Weld County (Knopf and Rupert 1996). Samples collected for this investigation
were primarily collected in Weld County on the Pawnee National Grassland (PNG). PNG is a
shortgrass prairie managed by the USFS and is known internationally for the birding
opportunities. Additionally, pronghorn antelope, mule deer, and many other small mammal

species inhabit this grassland.
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Figure 9. Sampling locations in Colorado.
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Montana

Several known breeding grounds in Montana were selected as study sites. These included public
lands administered by the BLM and Charles M. Russell, Lake Mason, and Hailstone NWRs in

north-central and central Montana (Figure 10).
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Figure 10. Sampling locations in Montana.

Southern Phillips County (CMR NWR, BLM, State and Private lands)

Southern Phillips County in Montana is thought to contain not only the largest mountain plover
breeding populations in Montana but also one of the largest breeding populations in North
America (Dinsmore 2001). Study sites located in southern Phillips County included Charles M.
Russell (CMR) NWR and the adjacent BLM and Montana State School Trust properties. These
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areas consist of rolling uplands interspersed with steeply eroded ravines. Sagebrush and
interspersed shortgrass prairie dominate the habitat (USFWS 2010). Mountain plovers nest
almost exclusively on active black-tailed prairie dog towns in this part of Montana. Vegetation
in these colonies is sparse, but includes such species as fringed sagewort (Atemisia frigida),
plains prickly pear (Opuntia polycantha), blue grama (Bouteloua gracilis), needle-and-threat
grass (Stipa comata), and Sandberg bluegrass (Poa secunda). Prairie dog towns were mapped
entirely in 2003, which showed that the towns covered more than 2,954 ha (7,300 acres) at CMR
NWR (Jo Ann L. D. Dullum, Wildlife Biologist, CMR NWR, Pers. Comm. 2010). In 2002,
prairie dog towns mapped on BLM, State, and private lands north of the refuge totaled 9022 ha
(22,292 acres; Figure 11).
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Figure 11. Charles M. Russell NWR, BLM, and State sampling locations.
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Lake Mason NWR

Lake Mason NWR is located in central Montana approximately 12.9 km (8 miles) northwest of
the town of Roundup (population 4,000) in Musselshell County. The refuge includes 6730 ha
(16,630 acres) in fee title and 2227 ha (5,502 acres) in refuge easements. It is divided into three
units: Lake Mason, Willow Creek Unit, and the North Unit. Lake Mason and the Willow Creek

Units were the only units sampled during this investigation (Figure 12).

Lake Mason National Wildlife Refuge
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Figure 12. Lake Mason National Wildlife Refuge in Montana. Units from north to south are the
North Unit, Willow Creek Unit, and Lake Mason.

Lake Mason Unit (LMU) is a 526 ha (1,300 acre) enhanced wetland surrounded by rolling
shortgrass prairie hills. The lake is fed and drained by South Willow Creek. Water in the creek
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is mainly from runoff and agricultural return water is minimal. During this investigation, Lake
Mason was dry and contained active prairie dog town located on the western portion of the lake.
This colony was mapped in 2002 and at that time it covered 193 ha (478 acres; Jo Ann L. D.
Dullum, Wildlife Biologist, CMR NWR, Pers. Comm. 2010).

The Willow Creek Unit of Lake Mason NWR is located approximately 19 km northwest of the
LMU, is 874 ha (2,160 acres) in size and is managed to maintain a healthy shortgrass prairie
community. Mountain plovers are attracted to this area as are many other migratory birds typical
of shortgrass prairie ecosystems. The prairie dog town on this unit was mapped in 2002 and
covered 190 ha (469 acres; Jo Ann L. D. Dullum, Wildlife Biologist, CMR NWR, Pers. Comm.
2010).

Hailstone NWR

Hailstone NWR, located in Stillwater County, approximately 5 km northeast of the town Rapelje
and is part of a large closed basin located in south-central Montana. The refuge was created in
1942 by an Executive Order of President Franklin D. Roosevelt as an easement refuge of 1112
ha (2,748 acres). This contains approximately 51 ha (126 acres) of prairie dog towns based on
mapping completed in 2002 (Jo Ann L. D. Dullum, Wildlife Biologist, CMR NWR, Pers.
Comm. 2010) (Figure 13).
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Figure 13. ‘Hailstoine NWR sampling locations

Sample Collection and Processing

Wintering Grounds

Samples of soil and soil invertebrates were collected in early May 2005, by environmental
contaminant biologists from the Carlsbad Fish and Wildlife Office (CFWO) and by refuge

biologists. As indicated previously, samples were collected from three off-refuge fields in

Imperial Valley, one on-refuge field in Imperial Valley, and one on-refuge field in Central

Valley (Kern NWR).
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Composite surface soil and insect samples were collected from five stations in each field. Soil

samples were collected using stainless steel equipment that was either pre-cleaned (dedicated) or
cleaned between stations using standard protocols (USEPA/ERT 1994) requiring phosphate-free
detergent, dilute nitric acid, acetone, and distilled water. Each station was defined by a circle

with a radius of one
meter and twelve pitfall
traps were positioned in
each circle using the
layout in Figure 14. A
labeled stake was placed
in the center to help re-
locate the station. Holes
were dug using a bulb
planter and trowels

for pitfall trap placement. Figure 14. Pitfall trap design (arrow depicts 1 m radius).

Soils removed for the pitfall traps were placed in pre-cleaned stainless steel bowls and
homogenized using stainless steel spoons to produce one composite soil sample for each station.
A portion of the composite soil sample was placed in a WhirlPak® bag for total organic carbon
(TOC) and grain size. The remaining soil was placed in an I-Chem® jar for inorganic and

organic chemical analysis.

Pitfall traps were 11.3 cm (4.5 inch) high 528 mL (16 fluid ounce) cups. These traps tended to
be narrow, which made it difficult for large insects to escape once they fell into the cup. To
avoid introduction of sampling artifacts, no water or solvent was added to the traps to immobilize
insects once they had fallen in the trap.

Pitfall traps were left in place over night. The next day, all insects in each of the 12 cups at a
station were composited into one sample and some sweep netting was performed to augment the
sample. However, because the traps had soil in them, which made it almost impossible to
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separate insects from the soil in the field, the contents from pitfall traps and net sweeps were put
into labeled sample bags and placed on ice for further processing at the lab at CFWO. Once at
the lab, insects were separated from any clumps of soil that may have fallen into the traps,
transferred to cleaned glass jars, and placed in the freezer. Samples consisted primarily of
spiders and to lesser extent beetles. Sample weights averaged 1 gram, limiting the number of
analyses (inorganic and organic) that could be performed. Once processed, all samples were
stored frozen until they were shipped to laboratories designated by the Service’s Analytical
Control Facility (ACF) for chemical analyses.

Soil samples from Imperial and Kern were analyzed for metals, organochlorine compounds
(OCs) including polychlorinated biphenyls (PCBs) and pesticides, organophosphates (OPs),
triazine herbicides, sulfur, trifuluralin, and perchlorate. All insect samples were analyzed for
metals and trifluralin. Because of the small sample sizes, only a subset of the insect samples was

analyzed for OCs.

Breeding Grounds

Samples collected on the breeding grounds included soil, terrestrial insects, and mountain plover
eggs. These matrices were collected from the study area locations in Montana, Wyoming, and
Colorado (Figures 6, 7, 8, 9, 11, 12, and 13). The number of eggs collected from the different
locations depended on egg availability. Eggs were collected by hand with no more than one egg
collected from any nest. In Montana, eggs were collected in May and June of 2006 and 2008
from southern Phillips County by graduate students under the direction of mountain plover
researcher Dr. Stephen Dinsmore. These eggs were collected from abandoned or failed nests,
and all remaining eggs from these nests were collected. Many of the eggs collected from failed
nests in Montana had cracked eggshells. These eggs were only dissected into jars to reduce
handling. Wet weight concentrations of contaminants of these eggs are likely elevated from
possible desiccation. Dry weight concentrations should be comparable to literature values.
Mountain plover researcher, Dr. Fritz Knopf, collected mountain plover eggs from Wyoming and
Colorado sites in May and June 2006 and 2007.
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Eqggs collected by environment contaminant biologists were processed using standard protocols
(Hudson River Natural Resource Trustees 2002). All eggs were placed in cartons and
transported immediately to the lab for processing by biologists using standard protocols adopted
for studies on the impacts of PCBs in the Hudson River (Hudson River Natural Resources
Trustees 2002).

Intact eggs were gently cleaned with distilled water, weighed, and breadth and width were
measured to the nearest 0.1 mm using a dial caliper. The volume was measured as the weight of
water displaced by the egg. A scalpel or curved scissors was pre-rinsed with dilute nitric acid
followed by distilled water and used to cut the shell around the equator. Contents were aged and
examined for abnormalities and malpositioning. If an embryo was present, it was further
evaluated for evidence of conspicuous malformations (e.g., missing limbs, malformed beaks).
To minimize potential loss of the sample and prevent cross-contamination that could result from
physical manipulation, embryos were not evaluated for subtle malformations that required
measurements. Egg contents that were in various stages of decomposition made the assessment
of some embryos difficult if not impossible. Once observations were recorded, contents were
placed in certified cleaned amber glass jars and frozen until they could be submitted for chemical
analyses by a laboratory under contract with ACF. Eggs were analyzed for metals, OCs, and
total PCBs in 2006. In 2007 and 2008, eggs were analyzed for OCs and trifluralin.

Eggshells were placed in cartons to dry at room temperature for a minimum of 30 days. Once
dry, the thickness of each eggshell (shell + shell membrane) was measured at four points around
the girth with a Mitutoyo micrometer, which was fitted with ball attachments and accurate to
0.01 mm. Some eggshells had hardened yolk residue that could not be removed even at the time
the contents were harvested. This was generally confined to one side of the shell and was
avoided when taking measurements for shell thickness. Eggshell thickness was measured by
methods described in Bunck et al. (1985) and Ratcliffe (1970).

Archived mountain plover eggs collected in 2003, that were not collected specifically as part of
this investigation, were submitted for organic chemical analysis using funds from this
21



investigation. These eggs were collected by University of Wyoming graduate student, R.E.
Plumb. The number of eggs collected from the different locations depended on egg availability.
Eggs were collected in June and July of 2003 and no more than one egg was collected from any
nest (Plumb 2004). Service personnel dissected the eggs according to the methods previously
described. Eggs were analyzed for OCs, PCBs, and trifluralin to demonstrate the presence of

organic compounds and that exposure to mountain plover is ongoing.

Soil and terrestrial insect samples were collected in May and June of 2006. In Montana this was
completed by the Service’s Montana Field Office personnel and in Wyoming and Colorado by
the Service’s Wyoming Field Office personnel. Insect samples were collected using the same
methods described in the wintering grounds sampling. Traps were left out overnight. In
Montana, sweep netting was also used to augment the pitfall trap insects. All trap and net
samples were composited into WhirlPak® bags and frozen until contents could be sorted with
chemically-cleaned Teflon® tweezers. All insects were placed in chemically-cleaned amber

glass jars and frozen.

Because foraging birds remain close to their nesting areas throughout the season (Knopf and
Wunder 2006), sampling for insects was limited to one event and focused in areas where the
birds were observed foraging. Samples of soil and insects were analyzed for metals, OPs, OCs,
and total PCBs by the same laboratories listed above.

Chemical Analyses

Samples of soil and invertebrates from California sites, and soil, terrestrial insects, and mountain
plover eggs samples collected on the breeding grounds were shipped to ACF designated
laboratories for analyses, under catalog numbers 1040078 and 1040079, for California, 6070089
and 6070096 for Montana, and 6030187 and 6030192 for Wyoming and Colorado.
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Samples were analyzed for organic contaminants, soil TOC and soil grain size by Geochemical
and Environmental Research Group in College Station, Texas. Analyses for inorganic

constituents were conducted by Trace Element Research Laboratory in College Station, Texas.

The percent TOC was determined by measuring carbon dioxide produced on ignition of
acidified, freeze-dried sample, using an infrared detector. Grain size distribution was determined
as percent sand (>0.0063 mm), silt (0.0039 mm to 0.063 mm) and clay (<0.0039 mm) using
sieves and settling columns after sample had been treated with hydrogen peroxide and a
dispersing agent. For metals, samples were acid extracted, then analyzed using hydride
generation atomic absorption spectrometry (selenium and arsenic), cold vapor atomic absorption
spectrometry (for mercury) or Inductively Coupled Plasma Emission (ICP) spectrometry (other
metals).

To determine concentrations of the organic compounds (pesticides, total PCBs, and trifluralin),
samples were first extracted with methylene chloride and cleaned using gel-permeation
chromatography. Silica gel chromatography was used for additional cleaning and separation of
PCBs. Samples were then analyzed by gas chromatography with an electron capture detector
(pesticides and PCBs) or high resolution gas chromatography-mass spectrometry in Selective lon

Monitoring mode (for certain PCB congeners).

The target analytes and method detection limits reported by the contract labs follow. Target
analytes for soil samples included the following parameters: % moisture, % TOC, and grain size
distribution. Target analytes for soil, invertebrate, and egg samples for organic compounds
included: PCB-total* (polychlorinated biphenyls as Aroclors), aldrin?, alpha-, beta-, gamma, and
delta-BHC? (s), alpha- and gamma-chlordanes?, chlorpyrifos?, dieldrin?, endosulfan 11,
endrin?, heptachlor?, heptachlor epoxide?, HCB? (hexachlorobenzene), HCH?
(hexachlorocyclohexane), mirex?, cis- and trans-nonachlor?®, oxychlordane?, o,p'- and p,p’-DDD?
(dichlorodiphenyldichloroethanes), o,p'- and p,p’-DDE? (dichlorodiphenyldichloroethylenes),
0,p'- and p,p’-DDT2 (dichlorodiphenyltrichloroethanes), pentachloro-anisole?, 1,2,3,4- and
1,2,4,5-TeCB? (tetrachlorobenzenes), toxaphene!, tetrachlorobenzenes? (1,2,3,4- and 1,2,4,5-),
23



and trifluralin?. Results of analyses for organic contaminants are reported as ng/g or parts per

billion (ppb). The dry weight detection limits are as follows: *1.43 as pg/kg or ppb; 20.143 as
pa/kg or ppb.

The target analytes for soil, invertebrate, and egg samples for inorganics included: aluminum?,
arsenic?, barium?, beryllium?®, boron', cadmium?®, chromium-total®, copper?, iron*, lead®,
magnesium®, manganese’, mercury®, molybdenum?, nickel®, selenium?, strontium*, vanadium*,
and zinc’. Results of analyses for inorganic contaminants are reported as pg/g or parts per
million (ppm). The dry weight detection limits are as follows: *10.2 as mg/kg or ppm; %0.5 as
mg/kg or ppm:; 20.2 mg/kg or ppm:; “1.0 as mg/kg or ppm:; °5.0 as mg/kg or ppm; °0.1 mg/kg or
ppm; ‘0.5 mg/kg or ppm.

Data analysis

Analytical results were provided by contract labs as both wet weight (ww) and dry weight (dw)
based concentrations. To be consistent with the various screening values, it was necessary to
consider both ww-based and dw-based contaminant levels because dw-based concentrations are
used to evaluate contaminant levels in soils, whereas either ww or dw-based concentrations may

be used to evaluate contaminant levels in biota.

The percent moisture reported for each sample is provided to enable conversion between ww and
dw concentrations as follows.

Wet weight concentration = dry weight concentration X (fsoiigs), Or

Dry weight concentration = wet weight concentration / (fsigs), where

fsoligs = 1 - (Yomoisture/100)

Egg Data Analysis

Shell thickness for each egg was reported as the mean of four individual measurements. The
mean, standard deviation, and 95% confidence interval was then computed for each species.
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Contaminant levels in eggs were evaluated as ww concentrations. This was done to allow for
adjustment for moisture loss that can occur due to the delay in time between when the egg was
laid and when it was collected. Contaminant levels measured in bird eggs were adjusted
accordingly using equations from the published literature (e.g. Stickel et al. 1983; Hoyt 1979)

and from direct measurements with intact eggs.

Mixtures

DDT and its metabolites are a family of compounds (isomers) that occur as mixtures. Individual
isomers (e.g. p,p’-DDE) can be evaluated individually but it is also desirable to evaluate the
distribution and potential risks posed by concentrations of mixtures as a whole. In general, the
total DDT concentration was computed as the sums of the six individual compounds (o,p and
p,p'- DDD, DDE and DDT) with % the detection limit used as a surrogate for those that were

below the limit of detection.

Screening for risk

To screen for ecological risks, dry weight concentrations of contaminants measured in soils were
compared with U.S. Environmental Protection Agency (USEPA) ecological soil screening levels
(Eco-SSLs; Table 1). The USEPA adopted a protocol for deriving Eco-SSLs in 2000 and has
since developed Eco-SSLs for 15 of the target analytes in this study. The Eco-SSLs are
ecological risk-based soil screening levels derived in a standardized manner and are based on
contaminant risks to soil microorganisms, soil invertebrates, plants, birds and mammals.
Separate values were derived for each of the receptors for which data of adequate quantity and
quality were available. The Eco-SSLs for invertebrates and plants are the means of
concentrations that affect 10% to 20% of exposed organisms (10-20% effect levels), or are
maximum acceptable concentrations computed from No Observed Effect Concentrations
(NOECs) and Low Observed Effect Concentrations (LOECs). The Eco-SSLs for wildlife are
calculated using literature-based toxicity reference values (TRVs), which are high end No
Observed Adverse Effect Levels (NOAELSs as daily dose rate), combined with bioaccumulation

factors for highly exposed forage and prey species. The Eco-SSLs were used preferentially over
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other currently available ecological risk-based screening levels. Most Eco-SSLs were in draft

form in 2006, and were finalized in subsequent years.

Table 1. Eco-SSLs' (ug/g dry weight in soil) showing show the concentrations of contaminants
in soil that are protective of ecological receptors which commonly come into contact with and/or

consume biota living in or on soil.

Wildlife

Trace Element Plants Soil Invertebrates Avian Mammalian
Arsenic 18 NA® 43 46
Barium NA 330 NA 2,000
Beryllium NA 40 NA 21
Cadmium 32 140 0.77 0.36

Crlll-26 Crlll-34
Chromium NA NA Cr VI-NA CrVI-130
Cobalt 13 NA 120 230
Copper 70 80 28 49
Lead 120 1,700 11 56
Manganese 220 450 4,300 4,000
Nickel 38 280 210 130
Selenium 0.52 4.1 1.2 0.63
Vanadium NA NA 7.8 280
Zinc 160 120 46 79
Organochlorines

Dieldrin NA NA 0.022 0.0049
DDT & metabolites NA NA 0.093 0.021

1Eco-SSLs - USEPA 2000a and b; USEPA 2005a-f; USEPA 2007a-h; USEPA 2008

ZNA = Not Available.

Concentrations of trace elements and two pesticides in soil samples collected from mountain

plover wintering and breeding areas were compared to the Eco-SSL values to determine if

concentrations detected could potentially adversely affect these birds directly by exposure

through diet and incidental ingestion of soil or indirectly by impacting their food source (toxicity

to soil invertebrates) or habitat (toxicity to plants).
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Screening for Background

Because metals are naturally occurring constituents of soils, data on metals were also compared
with background concentrations for surface soils to help managers with decisions regarding
feasibility of actions to manage risk.

Data from large-scale studies and/or compilations for nation-wide application were used to
identify ranges of concentrations that may be considered typical for undisturbed soils. The
available data offer rough estimates at best of background concentrations because soil
characteristics are highly variable from region to region, state to state, and even locale to locale.
Data from Shacklette and Boerngen (1984) for surface soils from throughout the conterminous
United States, specifically western states, and from Bradford et al. (1996) for soils from
California were used to evaluate concentrations of naturally occurring inorganic analytes in soil

samples from wintering grounds.

Soil samples from Imperial and Kern were analyzed for metals, organochlorine compounds
(OCs) including polychlorinated biphenyls (PCBs) and pesticides, organophosphates (OPs),
triazine herbicides, sulfur, trifuluralin, and perchlorate. All insect samples were analyzed for
metals and trifluralin. Because of the small sample sizes, only a subset of the insect samples was

analyzed for OCs.

In breeding areas, all soil and invertebrate samples were analyzed for metals and OCs (including
PCBs and pesticides). In Wyoming and Colorado, these samples were also analyzed for OPs.
Eggs collected in 2006 were analyzed for metals and OCs (including PCBs and pesticides). For
2003 archived eggs and eggs collected in 2008, analyses included OCs and trifluralin.

Quality Assurance

Laboratories used analytical methods and followed quality assurance (QA) and quality control
(QC) protocols in accordance with requirements by ACF. A rigorous program of methods
standardization and QA/QC assessment is maintained by ACF for all contract laboratories.
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Procedural blanks, duplicates, spiked samples, and analysis of standard reference materials were
used routinely with each batch of samples to evaluate and maintain QA/QC. For digestion of all
matrices for the ICP-MS semi-quantitative scan, quality control included digestion blanks,
reference solutions and materials, samples replicate, and sample spikes. Quality control
parameters for sample analysis by ICP-MS scan included running the single calibration standard
as a sample, a measurement of precision by repeated runs of a reference solution, the analysis of
independent-source laboratory control samples, and within-run monitoring of changes in the
internal standards. For samples analyzed by flow injection atomic absorption (selenium), pre-
digestion quality control included digestion blanks, replicates, spikes, and reference
solutions/materials. Analytical quality control for selenium included calibration verification
solutions and analysis spikes. For analysis of mercury in tissue by thermal combustion,
amalgamation, and atomic absorption spectroscopy (DMA-80), quality control included

calibration verification checks, reference tissues, replicates, method spikes, and blanks.

RESULTS AND DISCUSSION

Wintering Grounds

Soils-Inorganic Elements

Summary statistics for trace element concentrations in soil samples collected from two refuges in
California and three sites in the Imperial Valley are contained in Table 2; full analytical results
are listed in Appendix 1. The averages and ranges of inorganic constituents in soil samples from
wintering areas in California were mostly within the western average and range of soil in the
western U.S. (Shacklette and Boerngen 1984), but some constituents were above the Eco-SSLs
that are protective of birds and/or soil invertebrates. Average concentrations of beryllium,
cobalt, manganese, molybdenum, and nickel in soil samples were slightly higher than the
average reported for western soils but fell at the lower range of concentrations reported for
western U.S. soils and were at or below mean background concentrations in California soils
(Bradford et al. 1996). Only manganese in soil samples exceeded the Eco-SSL for plants and

invertebrates.
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Average concentrations of arsenic, barium, mercury, lead, and vanadium in samples were below
the geometric mean for background in western U.S. soils (Shacklette and Boerngen 1984).
Average concentrations of arsenic, cobalt, manganese, nickel and selenium in soil were lower
than Eco-SSLs for the protection of birds. There are no established Eco-SSLs for barium,
beryllium, boron, and mercury for the protection of birds. Concentrations of barium and

beryllium were below Eco-SSLs for protection of soil invertebrates.

Individual boron concentrations in soil samples taken from Kern NWR were higher (range =
34.3 — 72 ug/g dw) than the averages reported for western U.S. soils, but were still at the lower
end of the overall range of <20 — 300 ug/g dw (Shacklette and Boerngen 1984). Boron
concentrations in soils from Kern NWR were all >15 ug/g dw considered to be a threshold for
observable impacts on growth of sensitive plant species (Miwa et al. 2007). However, the
concentrations of boron observed in these samples were considered to be below levels of concern
for mountain plovers because their direct exposure via incidental ingestion of soil is only fraction
of their diet.

Average concentrations of selenium in soil samples were within the ranges reported by
Shacklette and Boerngen (1984), but some were elevated relative to background concentrations
for soils specific to California (Bradford et al. 1996). Selenium concentrations measured in soil
samples from Imperial Valley were high (Table 2), particularly in the actively cultivated fields
where even the minimum concentrations (>0.55 ug/g dw) were greater than the maximum
reported by Bradford et al. (1996) for background soils in California. All of the off-refuge fields
sampled exceeded the Eco-SSL for protection of plants, but invertebrates and avian ecological
receptor levels were not exceeded. While the elevated selenium levels observed in the actively
cultivated fields from Imperial Valley are not based on geology alone (USDOI 1998), conditions
in the Imperial Valley favor the accumulation of selenium introduced by irrigation with water
from the Colorado River, which has elevated levels of selenium (USDOI 1998). Selenium
concentrations in soil from Kern NWR were consistent with background concentrations reported
by Bradford et al. (1996) for California soils (mean = 0.058 ug/g dw; range = 0.015 — 0.430 ug/g
dw).
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Average strontium concentrations measured in fields from California ranged from 224 ug/g dw
to 441 ug/g dw (range = 216 — 504 ug/g dw), all of which exceeded the average background
concentration for California soils (128 ug/g dw) and some were above the range for background
(20 — 271 ug/g dw). Strontium is ubiquitous in the environment and present in nearly all types of
rocks and soils (ATSDR 2004). Elevated concentrations in soils may result from atmospheric
deposition of particles from coal fired power plants, pyrotechnic devises, and dust from areas
where phosphate fertilizers have been applied. Releases directly to soil are primarily from
application of solid waste and the use of phosphate fertilizers (ATSDR 2004). The toxicological
implications for mountain plovers of elevated strontium concentrations in Imperial Valley soils

are not known.

Average lead concentrations (14.0 — 18.9 ug/g dw) in soil samples collected from Imperial
Valley were slightly above the Eco—-SSL for the protection of birds; but it is unlikely that the lead
concentrations in the Imperial Valley soil samples pose a significant threat to mountain plover
(Eisler 1988b). Average concentrations of vanadium in soils from all of the California (34.8 —
42.0 ug/g dw) were greatly above the Eco-SSL of 7.8 ug/g dw for the protection of birds, but
interpreting the risk posed by vanadium at measured concentrations in soil samples is difficult
because information on vanadium’s toxicity to wild terrestrial birds is scarce. In studies with
domestic chickens (Gallus domesticus), adverse effects depended on the chemical form of
vanadium and ranged from impaired growth in newly hatched to reduced egg production to
mortality (Rattner et al. 2006).

No background cadmium values were reported by Shacklette and Boerngen (1984). However,
concentrations measured in soils from actively cultivated fields in Imperial Valley exceeded both
the geometric mean and the maximum reported for background in soils from California
(Bradford et al. 1996). In addition, all of the samples collected from agricultural fields in
Imperial Valley had cadmium concentrations exceeding the Eco-SSL for birds (0.77 ug/g dw)
with averages ranging from 1.93 ug/g dw to 3.30 ug/g dw. In comparison, cadmium

concentrations in soils from more passively cultivated fields in Imperial Valley (SBSS NWR)
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and the Central Valley (Kern NWR) were below 0.55 ug/g dw (Table 2) and were below levels
of concern (the Eco-SSL) for avian wildlife (USEPA 2005d).

Average copper concentrations in soils from fields were between 17.5 ug/g dw and 33.7 ug/g dw,
which are higher than the geometric mean, but well within the range of copper concentration
reported for western U.S. soils (mean = 2.07 ug/g dw; range = 2 — 300 ug/g dw). These
concentrations were only slightly higher than the range of copper concentrations reported for
non-contaminated sites (Kabata-Pendias and Pendias 1992), and either did not or only slightly
exceeded the Eco-SSL for avian wildlife (28 ug/kg dw). Copper deficiency or excess can be
harmful to organisms, although reported toxic effects from excess dietary exposure in birds in
field conditions are rare (Eisler 1997; USDOI 1998).

Average phosphorus concentrations measured in soil samples (803 — 3,316 ug/g dw) were
elevated compared to the geometric mean concentration of 320 ug/g but were within the range of
40 ug/g dw to 4,500 ug/g dw for background soils in the western U.S. (Shacklette and Boerngen
1984). Phosphorus occurs naturally and is a primary ingredient in fertilizers (UNEP 2001).
Birds require a specific level of phosphorus and the availability of phosphorus depends on the
soil’s pH. Lower pH conditions allow aluminum to become soluble, which if taken up by birds,
competes with phosphorus and calcium needed for eggshell structure and proper growth during
embryo development (Schwarzbach et al. 2006). Soils in the western U.S. are typically alkaline

that readily alleviates this concern.

Zinc concentrations in soil samples from actively cultivated fields in Imperial Valley (range =
392 — 9,310 ug/g dw) were much higher than the geometric mean background concentration of
55 ug/g reported for the western U.S. (Shacklette and Boerngen 1984) and all samples greatly
exceeded the respective Eco-SSLs for protection of birds (46 ug/kg dw) and soil invertebrates
(120 ug/g dw). Zinc concentrations in soil samples from refuges were much lower, although
several samples exceeded the Eco-SSL for protection of birds. Zinc occurs naturally but

elevated concentrations in soil may be the result of application of certain fertilizers, atmospheric
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deposition from smelting operations of galvanized metal, or application of domestic and
industrial biosolids (Eisler 1993).

Although not tested for statistical significance, it appears that concentrations of arsenic, barium,
beryllium, cobalt, copper, lead, magnesium, manganese and selenium were higher in soils from
Imperial Valley fields than in the field from the Kern NWR. Conversely, concentrations of
sodium, boron, and potassium were higher in soil from the field at Kern NWR. These
differences may reflect regional variation in conditions and influences. For example, soils at
Kern NWR were generally saltier than those in Imperial Valley, while soils in the Imperial
Valley had somewhat higher concentrations of selenium, possibly the result of irrigation with
Colorado River water (USDOI 1998). Within Imperial Valley, soils from actively cultivated
fields had higher concentrations of calcium, cadmium, phosphorus, sulfur, and zinc than soils
from the more passively managed field on SBSS NWR. These differences appear to reflect the
influence of land management practices. For example, calcium, phosphorus, sulfur, and zinc are
among the nutrients added as fertilizers to support the growth of Bermuda grass crops. Sulfur is
also the most commonly used fumigant on Bermuda grass crops, and cadmium may be present at

elevated levels if biosolids are used on the fields.

Soils-Organic Compounds
Most organic pesticides were either not detected or were at very low concentrations in soil
samples (Appendix 2; Table 3). The herbicide trifluralin is the third most heavily used pesticide
in Imperial Valley for alfalfa and Bermuda grass crops (PAN 2010). Trifluralin was detected in
all soil samples collected from Imperial Valley fields, including at SBSS NWR (Table 3).
However, concentrations (range = 0.514 — 1.3 ng/g dw) were below mean concentrations
detected in soils collected in 1972 for the National Soils Monitoring Program (<10 ng/g; Carey et
al. 1979) and well below concentrations reported for soils the same year from fields in California
(650 — 6,450 ng/g dw; Carey et al. 1979). Concentrations measured in soils from SBSS NWR
were the same as concentrations measured in actively farmed fields nearby. This suggests that
concentrations measured in the actively cultivated fields were not from recent applications.
Instead, trifluralin concentrations measured on those fields and on SBSS NWR appear to reflect
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residual trifluralin transported by from area-wide non-point sources such as drift, and/or

irrigation water.

Residues of DDT (o,p’ and p,p’) and its metabolites DDD (o0,p’ and p,p’) and DDE (o,p’ and
p.p’) were detected in virtually all soil samples, with higher concentrations occurring in soil
samples from the Imperial Valley, including SBSS NWR (Table 3, Figure 15) than from the
Central Valley. DDT was banned for use in the U.S. in 1972 but it is still transported via air,
water, and animal movements from countries that continue to use the insecticide. DDE is a
breakdown product of DDT and residues in soil may also be the result of historical agricultural
use because DDE is extremely persistent (USDOI 1998). Twelve years after DDT was banned,
total DDT concentrations in soils from agricultural fields in California were between 1.0 ng/g dw
and 31,273 ng/g dw, which are orders of magnitude higher than concentrations measured in this
study. However, total DDT concentrations in samples collected in 1984 from Imperial Valley
were between 37 ng/g dw and 495 ng/g dw (average = 228 ng/g dw; Mischke et al. 1985), which
is not greatly different from concentrations measured in Imperial Valley soils collected for this
study in 2006 (average = 140 ng/g dw). The fraction of total DDT that is the parent compound
(p,p’-DDT) has declined from approximately 20% in samples collected in 1984 (Mischke et al.
1985) to approximately 7% in samples collected from Imperial Valley in 2006 (Figure 16 and
Table 3). While there was an approximately 2-fold decline in total DDT concentrations b