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INTRODUCTION 
 
 

The North Platte National Wildlife Refuge (Refuge) is located 8 miles northeast 

of Scottsbluff, in Nebraska's Panhandle.  It was established by Executive Order in 1916, 

and was managed by the Bureau of Reclamation (BR) until 1986, when primary 

jurisdiction was granted to the U.S. Fish and Wildlife Service (Service).  The 2,909 acre 

Refuge includes three reservoirs: 1) Lake Alice, 2) Winters Creek Lake, and 3) Lake 

Minitare (Figure 1).  Water levels in all three reservoirs are managed by BR for irrigation 

and Lake Minitare is managed as a State Recreation Area under a lease agreement with 

the Nebraska Game and Parks Commission.  The primary purpose of the Refuge is to 

provide sanctuary for migratory birds, but habitat for migrating bald eagles, waterfowl 

production, and compatible recreation are important management goals (USFWS, 2001).  

Twenty bald eagles and over 200,000 waterfowl concentrate on the Refuge during 

migration and over 200 species of birds have been observed on the Refuge.  

Irrigation supply water from the North Platte River is the primary source of water 

for all three Refuge reservoirs, which are interconnected by surface water.   Lake Alice 

receives water from the Interstate and Highline canal, and discharges to the Supply canal 

and Hersche drain.  Winters Creek Lake is fed by the Supply canal and also discharges to 

the Supply canal, with the inflow and outflow separated by approximately 200 meters.  

Lake Minitare receives water primarily from the Supply canal with secondary input from 

the Highline canal and discharges into the Lowline canal and Alliance drain.  Land use in 

the drainage is primarily agricultural; with corn, soybeans, and sugar beet production the 

predominant row crops.  In addition, alfalfa production and grazing areas support cattle 

ranching within the Refuge’s watershed.  
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Figure 1: Location of North Platte National Wildlife Refuge.  Note:  This map is a modified version 
of Map 2 in the final Comprehensive Conservation Plan (USFWS, 2001).  
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OBJECTIVES AND METHODS 

 

The objective of this research was to evaluate organochlorine and trace element 

exposure and effects to Refuge wildlife.  This was accomplished by measuring 

concentrations of these contaminants in Refuge sediment, water, and common carp 

(Cyprinus carpio) samples and comparing them to literature-established background 

concentrations and protective guidelines.   

All samples were collected by Service personnel from the Nebraska Ecological 

Services Field Office (NEFO).  Sediments were sampled using a stainless steel spoon; 

both sediment and water grab samples were collected into chemically clean containers.  

Carp were collected by electrofishing and composited on site (one composite per 

waterbody with four to five fish per composite sample).  All samples were kept on wet 

ice and transported to the NEFO lab where they were kept frozen.  Samples were then 

submitted to the Patuxent Analytical Control Facility (PACF), since renamed the 

Analytical Control Facility (ACF), for analytical analysis by Hazleton Environmental 

Services, Inc, in Madison, WI   

Concentrations of organochlorines (OCs) were determined in eleven sediment, 

nine water, and three carp composite samples (Appendix Table A.1).  Detailed 

descriptions of lab methods including sample preparation, detection limits, and quality 

assurance/quality control (QA/QC) are provided elsewhere (PACF catalogs #s 6050040 

and 6050043; ACF, 2005).  In brief, gel-permeation chromatography was used to 

determine concentrations of hexachlorobenzene, total polychlorinated biphenyls (PCBs), 

hexachlorocyclohexanes (alpha, beta and gamma), chlorohexane, alpha chlordane, cis-

nonachlor, dieldrin, endrin,  gama chlordane, heptachlor epoxide, mirex, oxychlordane, 

toxaphene, trans-nonachlor, dichlorodiphenyltrichloroethane (DDT) p,p’ and o,p’ isomers 

and their metabolites including o,p'-DDD,  o,p'-DDE, , p,p'-DDD, and p,p'-DDE.  

Detection limits for OC quantification ranged from 0.001 to 0.006 mg/L for water and 

from 0.01 to 0.05 mg/kg ww for sediments and carp.   



 

 4

Nine water grab samples, 18 sediment samples, and three carp whole-body 

composite samples were analyzed for elemental contaminants (Appendix Table A.2).  

Detailed descriptions of lab methods including sample digestion, detection limits, and 

QA/QC are provided elsewhere (PACF catalogs #s 6050029 and 6050040; ACF, 2005).  

In brief,  inductively coupled plasma atomic emission spectrometry was used to 

determine concentrations of aluminum (Al), boron (B), barium (Ba), beryllium (Be), 

cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), magnesium (Mg), manganese 

(Mn), molybdenum (Mo), nickel (Ni), lead (Pb), strontium (Sr), vanadium (V), and zinc 

(Zn).   Mercury (Hg) concentrations were determined by cold vapor atomic absorption 

and graphite furnace atomic absorption was used to measure arsenic (As), selenium (Se) 

and small concentrations of Pb and Cd.   

Precision and accuracy of the laboratory results for OCs and elemental 

contaminants were confirmed by analyzing procedural blanks, duplicate analyses, test 

recoveries, spiked material, and reference material.   

All statistical calculations were performed with JMP® Version 5 software (JMP, 

2002).  If 50 percent or more of the samples analyzed were above the detection limit for a 

particular trace element, then half the detection limit was used for those samples with 

concentrations below the detection limit when performing statistical analyses.  Where 

means are provided, the “±” refers to a standard error unless otherwise noted.    

 

 

RESULTS AND DISCUSSION 

 

Organochlorine Contaminants 

 Concentrations of OCs were below detection limits in all water and sediment 

samples and only total PCBs and p,p’-DDE were detected in carp.  Total PCBs were 

detected once at 0.05 micro-grams per gram (µg/g) wet weight (ww) in the carp sample 

from Lake Minitare.  Concentrations of p,p’-DDE were above detection twice at 0.017 

and 0.13 µg/g ww in samples from Lake Alice and Lake Minitare, respectively. There are 
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no national pesticide or PCB tissue criteria that have been adopted for protection of 

wildlife.  However, concentrations of total PCBs and DDE in carp were below criteria 

(0.1 and 0.2 µg/g ww, respectively) proposed by the state of New York for protection of 

fish-eating wildlife (Newell et al., 1987). 

 

Elemental Contaminants 

Water.  Waterborne concentrations of elemental contaminants were generally low 

and frequently below detection limits (Appendix table A.3).  However, Al and Se were 

detected in water at concentrations above Nebraska Department of Environmental 

Quality (NDEQ) acute and chronic aquatic life water quality standards.  All nine water 

samples had concentrations of Al above Nebraska’s chronic aquatic life water quality 

standard of 87 micrograms per liter (µg/L) (NDEQ, 2002).  The highest concentrations of 

total Al were at Lake Minatare where they averaged 875 ± 41 µg/L, a concentration 

above Nebraska’s acute aquatic life standard of 750 µg/L (NDEQ, 2002).  Selenium was 

detected once in water at 3 µg/L.  This concentration did not exceed the 5.0 µg/L total 

recoverable aquatic life water quality standard (NDEQ, 2002), but was above the 2 µg/L 

total recoverable Se threshold for bioaccumulation and reproductive failure for fish and 

wildlife (Lemly, 1996a).  It should be noted that all water samples for this study were 

collected on the same day in late July and concentrations of Se at a site can vary greatly 

by season or between years (Seiler et al., 2003).  Therefore, the water concentrations of 

Se reported in this study should not be interpreted as representing the potential 

waterborne influx of Se into the Refuge. 

The comparison of Al concentrations detected in this study with Nebraska water 

quality criteria may not accurately evaluate whether wetland plant and invertebrate 

species are at risk.  Total recoverable Al was measured in this study, whereas Nebraska’s 

water quality standard is for dissolved Al.  Water samples are filtered before an analysis 

for dissolved metals, whereas total recoverable analysis includes microorganisms and 

suspended particulates that are not filtered and thus result in higher concentrations.  Total 

recoverable is a more appropriate measurement than dissolved when particulate 
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aluminum is primarily aluminum hydroxide particles; however, the total recoverable 

procedure also measures aluminum bound to clay particles, which might be less toxic 

than aluminum hydroxide (USEPA, 2002).  Al toxicity and bioavailability to aquatic 

biota is largely dependent on its solubility and generally increases as pH decreases 

(Gensemer and Playle, 1999).  The pH in Lake Minatare is within the Nebraska water 

quality standard range of 6.5 to 9.0 (NDEQ, 2002; NDEQ, 2004).  Given that Al is only 

sparingly soluble at a pH between 6.0 and 8.0 (Sparling et al., 1997), Al bioavailability 

and toxicity to aquatic species on the Refuge is likely low However, future assessments 

of Al at the site should include pH measurements.   

Sediments.  Mean concentrations of elemental contaminants in sediments were 

below or near western background concentrations (Shakette and Boerngen, 1984) and did 

not exceed known toxicity thresholds (Table 1).  Selenium was below detection in 11 of 

18 sediment samples and all detected concentrations were within the 0.2 -2.0 mg/kg dry 

weight (dw) normal background range for freshwater sediments (USDOI, 1998).  All 

sediment samples were below the detection limit for cadmium, mercury, and 

molybdenum.  
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Table 1.  Mean ± SE concentrations of elemental contaminants in sediments from North 
Platte National Wildlife Refuge compared to western background concentrations and 
effects thresholds. 

 
Note:  * indicates background soil concentrations for the Western U.S. (Shacklette and Boerngen, 
1984).  Six samples were analyzed at each site.  SE = standard error, NA = not available, BDL 
indicates that 50% or more of the samples analyzed were below detection limits.   
A = Probable effects concentration benchmark (Jones et al., 1997). 
B = Sediment quality guideline threshold effects concentration below which harmful effects are 
unlikely to be observed (MacDonald et al., 2000). 
C = Toxic Effects Concentration benchmark below which effects are rarely expected to occur 
(Jones et al., 1997). 
D = No Effects Concentration benchmark (Jones et al., 1997). 
E = Toxicity threshold at which adverse effects on some fish and wildlife species may occur 
(USDOI, 1998).



 

 8

Fish Tissue 

Several elemental contaminants (As, Cu, Pb, Se, and Zn) were detected at 

concentrations that exceeded the 85th percentile concentration for carp as determined by a 

national fish tissue monitoring program (Schmitt and Brumbaugh, 1990) (Table 2).  

However, only concentrations of Se in carp were above known toxicity thresholds for 

protecting wildlife.  Carp from all three reservoirs had tissue concentrations of Se above 

the 4.0 µg/g dw effects threshold for protecting fish health and reproduction (Lemly, 

1996a).  At the two larger reservoirs (Lake Alice and Lake Minitare), carp also had 

concentrations of selenium above a 2 mg/kg wet weight (ww) human health advisory 

concentration for no consumption by children and pregnant women (Fan et al, 1988).   

An irrigation drainage water quality survey conducted within the Refuge’s 

watershed since this study was performed further indicates that Se may be hazardous to 

Refuge wildlife (Druliner et al., 1999).  The survey was conducted in 1995 and found that 

concentrations of Se in surface water and fish tissue exceeded toxicity thresholds aimed 

at protecting wildlife (Druliner et al., 1999).  Concentrations of Se in 17 of 19 water 

samples exceeded the 2 µg/L threshold concentration above which Se has been 

documented to produce adverse effects in biota through bioaccumulation.  In addition, 

eight of thirteen composite fish samples had concentrations of Se that exceeded the 4.0 

µg/g dw level of concern for protection against juvenile mortality and reproductive 

failure (Lemly, 1996a).  Although no fish samples were collected from the Lake Alice 

site, the only site within the Refuge’s border, the Se concentration in a surface water 

sample equaled 5 µg/L.     

Reproductive effects to fish and waterfowl from exposure to Se are well 

documented by laboratory and field investigations (reviewed by USDOI, 1998).  Fish and 

aquatic birds are the most sensitive animals to Se toxicity and they are most vulnerable at 

early life stages (Ohlendorf, 2003).   Selenium exposure to fish and/or avian species can 

result in teratogenic defects in developing offspring, decreased hatchability, reduced 

growth, reproductive failure, and mortality (Lemly, 1996a; USDOI, 1998). 
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Table 2.  Concentrations of elemental contaminants in mg/kg dry weight (dw) and wet 
weight (ww) for whole-body carp (Cyprinus carpio) composite samples from North 
Platte NWR, Nebraska, 1993. 

 
 

Note:  All samples were composites of 4-5 fish, “<” indicates a concentration below the detection limit 
(value equals the detection limit).  Underlined values exceeded benchmark values or known toxicity 
thresholds as defined below:   

a.  Above the 85th percentile mg/kg ww concentration for either As (0.27),Cu (1.0), 
     Pb (0.22), Se (0.73), or Zn (34.2) (Schmitt and Brumbaugh, 1990). 
b.  4 mg/kg Se dw threshold for reproductive effects in perch and bluegill (USDOI, 1998). 
c.  Above a 2 mg/kg ww consumption advisory for the protection of human health (USDOI, 1998).
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Selenium exposure can decrease Refuge game-fish abundance by causing 

decreased reproduction or survival.  Game fish including bluegill (Lepomis macrochirus) 

and yellow perch (Perca flavescens) are stocked for recreational purposes into Winters 

Creek Lake and Lake Minitare (USFWS, 2001).  The estimated Se threshold for 

reproductive impairment by 10 percent for bluegill and perch is 4 to 6 µg/g dw in fish 

tissue (USDOI, 1998).  Selenium accumulation can be similar between bluegill and carp 

(Lemly, 1997).  Therefore, the results of this study (i.e., all three carp composite samples 

having concentrations of Se above 4 µg/g dw) indicate that natural reproduction of 

bluegill and perhaps other game fish species in Lake Minitare and Winters Creek Lake 

may be impaired by Se.  This potential reproductive impairment is less important if game 

fish abundance for fishing purposes relies on frequent stocking efforts.  Selenium 

exposure in combination with low water temperature also can result in Winter Stress 

Syndrome (WSS), a condition where reduced feeding and activity results in severe lipid 

depletion and increased mortality (Lemly, 1993; Lemly 1996b).   

Reproductive impairment in avian species also may result from Se exposure at the 

Refuge.  Diets containing 3 to 8 mg/kg Se can result in reproductive impairment (USDOI, 

1998), indicating that piscivorous avian species, such as the bald eagle and osprey that 

feed on the Refuge, may be at risk to Se toxicity.  Although Se exposure to waterfowl 

could not be adequately evaluated from the results of this study, waterfowl can be 

especially sensitive to Se toxicity.  Concentrations of Se in food items for waterfowl (i.e., 

invertebrates and plants) and in waterfowl eggs need to be determined in future Se 

assessments on the Refuge.  Waterfowl eggs are one of the best biotic matrices for 

evaluating Se risk to birds and researchers have identified a toxicity threshold of 

approximately 6 to 10 µg/g dw (Heinz, 1996; USDOI, 1998; Hamilton, 2004).  Duck egg 

concentrations greater than 10 µg/g are associated with a 3.2 percent rate of teratogenesis 

(Skorupa, 1998) and egg hatchability is an even more sensitive endpoint with an 

impairment threshold of 6 µg/g dw (Seiler et al., 2003).   
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Recommendations 
 

Data from this study and more current research by others (Druliner et al., 1999) 

indicate that Se toxicity from food-chain bioaccumulation may be impairing reproduction 

of waterfowl and fish on the Refuge.  However, a more detailed assessment of Se that 

includes invertebrate, avian, and plant receptors is needed to further evaluate Se 

bioaccumulation and potential effects to Refuge wildlife.  It is recommended that the 

Service conduct an aquatic hazard assessment for Se as described by Lemly (1995).  This 

assessment includes measuring concentrations of Se in five ecosystem components 

(water, sediment, benthic invertebrates, fish eggs, and bird eggs) to incorporate into a 

hazard assessment model.  Risk to waterfowl from Se exposure should be evaluated 

further by determining Se concentrations in waterfowl plant food items.  In addition, 

concentrations of Se in game fish fillets should be determined to evaluate human health 

risks.    

 
Conclusions 
 

With the exception of Se, concentrations of OCs and elemental contaminants 

measured in water, sediment, and fish tissues were below literature established toxicity 

thresholds and do not appear to be an issue on the Refuge.  Although concentrations of Se 

were generally low in water and sediments, in carp they exceeded literature established 

toxicity thresholds for the protection of fish and wildlife.  High biotic uptake of Se is a 

concern and important Refuge species that may be adversely affected by Se include game 

fish, piscivorous avian species, and waterfowl.  Information on Se accumulation in plants, 

invertebrates, fish, and duck eggs is needed to better evaluate Se bioaccumulation and 

toxicity at the Refuge. 

 
 
 
 
 
 
 



 

 12

ACKNOWLEDGEMENTS 

 

We thank Larry Gamble of the Service’s Denver Regional Office for coordination 

of funding, sample submission and for reviewing the report draft.  Thanks also to 

Christina Lydick, Brad McKinney, and Barb Osmundson for reviewing the draft report.  

 

 

REFERENCES 
 
 
Analytical Control Facility (ACF).  2005.  U.S. Fish and Wildlife Service Division of Environmental 

Quality.  http://chemistry.fws.gov/ 
 
Druliner AD, Esmoil BJ, Spears JM.  1999.  Field screening of water quality, bottom sediment, and biota 

associated with irrigation drainage in the North Platte Project Area, Nebraska and Wyoming, 
1995.  U.S. Geological Survey Water-Resources Investigation Report 98-4210.   

 
Fan AM, Book SA, Neutra RR, Epstein DM.  1988.  Selenium and human health implications in 

California's San Joaquin Valley.  Journal of Toxicology and Environmental Health 23: 539-559. 
 
Gensemer RW, Playle RC.  1999.  The bioavailability and toxicity of aluminum in aquatic environments.  

Critical Reviews in Environmental Science and Technology 29(4):315-450.   
 
Hamilton SJ.  2004.  Review of selenium toxicity in the aquatic food chain.  Science of the Total 

Environment 326:1-31. 
 
Heinz GH.  1996.  Selenium in birds.  In Beyer WN, Heinz GH, Rdmon AW, eds.  Interpreting 

environmental contaminants in animal tissues.  Lewis Publishers, Boca Raton, Florida, pp 453-
464. 

 
JMP.  2002.  JMP Version 5. SAS Institute Inc., Cary, NC, 1989-2002. 
 
Jones DS, Suter GW II, Hull RN.  1997. Toxicological benchmarks for screening potential contaminants of 

concern for effects on sediment-associated biota: 1997 revision.  ES/ER/TM-95/R3. Oak Ridge 
National Laboratory, Oak Ridge, Tennessee. 

 
Lemly AD.  1995.  A protocol for aquatic hazard assessment of selenium.  Ecotoxicology and 

Environmental Safety 32:280-288. 
 
Lemly AD.  1996a.  Selenium in aquatic organisms In Beyer WN, Heinz GH, Redmon-Norwood AW, eds., 

Environmental contaminants in wildlife:  interpreting tissue concentrations. CRC Press, Lewis 
Publishers, Boca Raton, Florida,  pp 427-445. 

 
Lemly AD. 1996b.  Winter stress syndrome: An important consideration for hazard assessment of aquatic 

pollutants.  Ecotoxicology and Environmental Safety 34(3):223-227. 
 



 

 13

Lemly AD.  1997.  Ecosystem recovery following selenium contamination in a freshwater reservoir.  
Ecotoxicology and Environmental Safety 36:275-281. 

 
MacDonald DD, Ingersoll CG, Berger TA.  2000.  Development and evaluation of consensus-based 

sediment quality guidelines for freshwater ecosystems.  Archives of Environmental Contamination 
and Toxicology 39:20-31. 

 
Nebraska Department of Environmental Quality (NDEQ).  2002.  Title 117-Nebraska water quality 

standards. http://www.deq.state.ne.us/ 
 
Nebraska Department of Environmental Quality (NDEQ).  2004.  Surface water quality integrated report.  

Water Quality Division.  http://www.deq.state.ne.us/ 
 
Newell AJ, Johnson DW, Allen LK.  1987.  Niagara River biota contamination project:  fish flesh criteria 

for pscivorous wildlife:  New York State Department of Environmental Conservation, Division of 
Fish and Wildlife, Bureau of Environmental Protection, Technical Report 87-3, 180 p. 

 
Ohlendorf HM.  2003.  Ecotoxicology of selenium.  In Hoffman DJ, Rattner BA, Burton GA Jr, Cairns J Jr, 

eds.  Handbook of Ecotoxicology, 2nd Edition.  Lewis Publishers, Boca Raton, Florida, pp 465-
500. 

 
Schmitt CJ, Brumbaugh WG.  1990.  National contaminant biomonitoring program: concentrations of 

arsenic, cadmium, copper, lead, mercury, selenium, and zinc in U.S. freshwater fish, 1976-84.  
Archives of Environmental Contamination and Toxicology 19:731-747. 

 
Seiler RL, Skorupa JP, Naftz DL, Nolan TB.  2003.  Irrigation-induced contamination of water, sediment, 

and biota in the western United States - synthesis of data from the National Irrigation Water 
Quality Program.  U.S. Geological Survey Professional Paper 1655.   

 
Shacklette HT, Boerngen JG.  1984.  Element concentrations in soils and other surficial materials of the 

conterminous United States.  Professional Paper 1270. U.S. Geological Survey, Washington D.C. 
 
Skorupa JP.  1998.  Selenium poisoning of fish and wildlife in nature:  lessons learned from twelve real-

world examples.  In Frankenberger WT Jr., Engberg RA, eds.  Environmental Chemistry of 
Selenium.  Marcel Dekker, Inc., New York, New York, pp 315-354. 

 
Sparling, DW, Lowe PT, Campbell PGC.  1997. Ecotoxicology of aluminum to fish and wildlife.  In Yokel 

RA, Golub MS, eds.  Research Issues in Aluminum Toxicity.  Taylor and Frances Publishers, 
Washington D.C. pp 47-68. 

 
USDOI (U.S. Department of the Interior). 1998.  Guidelines for the interpretation of the biological effects 

of selected constituents in biota, water, and sediment.  National Irrigation Water Quality Program 
Information Report No.3, U.S. Department of the Interior, Denver, Colorado.  

 
USEPA (U.S. Environmental Protection Agency).   2002.  National recommended water quality criteria:  

2002.  EPA-822-R-02-047.  http://www.epa.gov/ost/pc/revcom.pdf 
 
USFWS (U.S. Fish and Wildlife Service).  2001.  North Platte National Wildlife Refuge comprehensive 

conservation plan and environmental assessment.  Scottsbluff, NE. 



 
 

APPENDIX:  RAW DATA TABLES

 14



Table A.1.  Samples analyzed for organochlorine contaminants at the North Platte National Wildlife Refuge, 1993. 

15

  
Note:  Sample mass = mass of the sample analyzed, NA = not applicable, PACF = the Patuxent Analytical Control Facility.   
The PACF catalog number identifies the original data output which contains additional information on laboratory methods and 
results.  
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Table A.2.  Samples analyzed for trace element contaminants at the North Platte National 
Wildlife Refuge, 1992 to 1993. 
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Note:  Sample mass equals the mass of the sample analyzed, NA = not applicable, PACF = the 
Patuxent Analytical Control Facility.  The PACF catalog number identifies the original data 
output which contains additional information on laboratory methods and results.  

  



 

Table A.3.  Concentrations of trace elements in water samples collected from North 
Platte National Wildlife Refuge, Nebraska, 1993. 

 
 
Results are from PACF catalog 6050040.  Trace elements that were below detection 
limits in all samples analyzed are not provided in the table.  These elements and their 
minimum detection limits in mg/L include Mo (0.008), Cd (0.001), Be (0.001), Ni 
(0.002), Cr (0.002), Pb (0.01) and Hg (0.0001).   
 
 

 17



 

 
Table A.4.  Concentrations of trace elements in sediment samples collected from North 
Platte National Wildlife Refuge, Nebraska, 1992 and 1993. 
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Table A.4.  Continued 

 
 
Note:   D.W. = dry weight, W.W. = wet weight.  PACF = the Patuxent Analytical Control 
Facility.   The PACF catalog number identifies the original data output which contains 
additional information on laboratory methods and results.  Trace elements that were 
below detection limits in all samples analyzed are not provided in the table.  These 
elements and their minimum detection limits in mg/kg wet weight include Cd (0.14), Hg 
(0.01), and Mo (0.94).  
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Table A.5.  Concentrations of trace elements in whole-body River Carp Sucker (Carpiodes carpio) samples from North Platte 
National Wildlife Refuge, Nebraska, 1993. 
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Results are from PACF catalog 6050040.  Trace elements that were below detection limits in all samples analyzed are not 
provided in the table.  These elements and their minimum detection limits in mg/kg wet weight include B (0.04), Mo (0.04), Be 
(0.02), and Cd (0.06). 
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