RECONNAISSANCE INVESTIGATION OF WATER QUALITY,
BOTTOM SEDIMENT, AND BIOTA ASSOCIATED WITH
IRRIGATION DRAINAGE IN THE MIDDLE ARKANSAS RIVER BASIN,
COLORADO AND KANSAS, 1988-89
by David K. Mueller, U.S. Geological Survey

Lawrence R. DeWeese, U.S. Fish and Wildlife Service

A. Jack Gamer, U.S. Bureau of Reclamation

Timothy B. Spruill, U.S. Geological Survey

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 91-4060

Prepared in cooperation with the

U.S. FISH AND WILDLIFE SERVICE and the
U.S. BUREAU OF RECLAMATION

Denver, Colorado
1991




U.S. DEPARTMENT OF THE INTERIOR
MANUEL LUJAN, JR., Secretary
U.S. GEOLOGICAL SURVEY
Dallas L. Peck, Director

For additional information Copies of this report can

write to: be purchased from:

District Chief U.S. Geological Survey

U.S. Geological Survey Books and Open-File Reports Section
Box 25046, Mail Stop 415 Box 25425, Mail Stop 517

Federal Center Federal Center

Denver, CO 80225-0046 Denver, CO 80225-0425




CONTENTS

Page

AbStraCte==-=-mecccccmmccccccccccccccemccemmeecemmemmm e m e m—————————— 1
Introduction-========ccc-emmcceee e ;s cmcmecc e —mmem—e—mmm————= 3
Purpose and SCOpP@-==-===—-— === - e s e e mmme e 5
Acknowledgments==-=======—m == - o mmeee e mmee e e 5
Description of the study area=-----======-—cmccommmccc oo mm oo 5
Location==-====-meeemmemmemmeem s ememme ;s emeemeemeees e mmemm———————— 5
History=======-rmeemce e r e m e e e m e e 8
Climate=======--mccmeemecccccmcmcceecsccmeemsme—memec—mm e m—m e ——————— 9

Y Y e 9
S0ils—=~==mrmmrmmmr e r e r e rrr e rrrr— e r e, — m,—_,—_———————————————— 11

Land uS@-=-===meecmecmeemmemeemmeem e e mmeemm e msm e e e mm—————————— 11

Fish and wildlife-====-=-mceecmcccmccmcccccmcmccccccccccccc e e e 13
Hydrologic setting--=--—-====mc-cc-meccme e ccmmc e 13
Water supply---==-=---==---ccmmm o memcmmm e 13
Ty & e e ettt 14
Return flows--=---=me-ccccc-mcmcccmcccmcccccmcccccccceccecm—————————— 17
Ground water---==-—===mesccmmemmrccecccmemeeccccmcmmme——mee e m——————— 17
Previous studies-=-=-=~=memeememcmmmmem e mcmmmmecccmcmcmemmmmmmmm—————— 18
Sample collection and analysis------=-==-=-—cmccemmmmcmmcmmmecmem e 20
Objectives=======-mmm— oo mm e m e 20
Sampling sites=--==-—=—==-—-- - - e 22
Sampling methods-=—-==—====m == m oo 26
Analytical sUppPOrt---—======-=— - eeemmmmmemeoee- 27
Discussion of results~--=--=====-=- - m o 28
Determination of elevated concentrations---=---=-=-cccmm—cccmeomen—- 28
Water quality-=-=-===—===m=-m e m e 30
Bottom sediment=--==-===-mmecmcmccmcmccmmscccemmmeccmmecce——ce—————— 39
Biota=====-—== et m e m e ———— 40
Aluminum---=--====cecmmmcmeemec e mec e e e m——————— 40
ArseniC-=-==-mememeemecmccm e m e mmemeem e e e m—————————————— 41
Cadmium-=-=~-==-==smeccemmcccc e cemccccmcr——meeemeem——————- 42

) T e it e 42

Mercury=====--=-m=ccm e e e e m——m e 43

Selenium-==~-—~===s e e mmmm—————— 43

AT e L E L L L L L e L EE L S L DL L L Lt e 46
Organochlorine pesticides-=-=====----ccccmmmemcrccccc e e 47
Correlation among substrates=---==-=====-cmemmcmcommomccccmcom oo 47
SUMMary--=-======mm = m e e e m e eeme—eem——m———m———e—o— 49
References======—-mm—meecmmeccme e em— e t—m e mmm——mmmmmme———————— 52
Supplemental data----=-=---—=-=--mmm-mcememmmccmemece mmemem——————— 56

iii



Figures

Table

1

g-

-4,

11.

12.

13.

14.

ot
.

& w N

FIGURES

Maps showing:
1. Location of the study area~~-~====<=-ecccaccccaccacaa
2. Selected surface-water and political features
within the study area~-+t---=r--cccccmcmcccrananuaa.
3. Generalized surficial geology of the study area------
4. Approximate extent of irrigated land within the
study area--===~==-==msmsetemcm e e
Graph showing annual streamflow of the Arkansas River
at Portland, Colo., water years 1940-88--==wvewcececuceceu-

Graph showing annual streamflow of the Arkansas River
below John Martin Reservoir, Colo., water years
1944-88-=-mmmmmmnemae e

Map showing location of sampling sites in the study area--

Schematic diagram showing relative orientation of
sampling sites and major streams, reservoirs, and
canals in the study area----4=----ecccccccmcrccaccnenaaaa-

Graphs showing concentrations ¢f selected constituents
in samples from:

9. Stream sites, August 1988~------mmmcccmcccccccccliaeaa
10. Reservoir sites, June and October 1988-=--=--wu-cceax
11. Ground-water sites, August 1988-=---ecemcecccccccccnaaa
Boxplots of historical specifi¢-conductance data and

values measured during the study in 1988-----=---ceccee--

Boxplots of historical dissolved-selenium data and
concentrations in water samples collected during
the study in 1988--=-==-cmecqmc e oo

Graph showing relation of selenium concentrations in
reservoir water samples to concentrations in common
carp and gizzard shad at reservoir sites------=cce-c---a

TABLES

Median concentrations of total selenium from historical

data collected at water-quality monitoring sites

in the study area--=--=c-cccceg e et s ann e e
Number of samples collected during the study-=--==c-ccoccoo-
Constituents analyzed in water, bottom-sediment,

and biota samples collected during the study---------===--
Identification of stream, reservoir, and ground-water

sites sampled in the study area----------c--cccmcccncncan-
Colorado and Kansas water-quality standards and

U.S. Environmental Protection Agency criteria for

protection of aquatic life---=t----cccccccccovnnccrcnancans
Colorado and Kansas water-quality standards and

U.S. Environmental Protection Agency maximum contaminant

levels for domestic water and agricultural supplies--=----

iv

12

15

16
23

31
33
34
37
38

49

21

24

29

29



Table

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Geochemical baselines for selected elements in soils
in the Western United States-------==--------—co-o-oo
Water-quality data for samples from stream sites

in the study area, August 1988-----------ccccmcccnocnaaa-
Water-quality data for samples from reservoir sites

in the study area, June 1988------------coommcccmmcemmmae-
Water-quality data for samples from reservoir sites

in the study area, October 1988--------------mmccmnocmunan
Water-quality data for samples from ground-water

sites in the study area, August 1988---~------------coo-—-
Chemical data for bottom-sediment samples from

stream sites in the study area, August 1988---------------

Chemical data for bottom-sediment samples collected

at reservoir sites in the study area, October 1988--------
Trace-element concentrations in adult livers from

individuals or composite samples of waterbirds

collected at reservoir sites in the study area,

June 7-10, 1988-------cmmmmmcemmmmm e m e e
Trace-element concentrations in adult livers and breast

muscles from individual samples of waterbirds collected

at reservoir sites in the study area, October 7-13, 1988--
Trace-element concentrations in individuals or composite

samples of livers and whole bodies of juveniles, whole

nestlings and eggs of waterbirds and passerines

collected at reservoir sites in the study area,

June 7-10, 1988------------------mm e mmeemm e e m—m -
Trace-element concentrations in composite samples of fish

species and crayfish collected at selected stream sites

in the study area, August 8-10, 1988-----=---=------uua---
Trace-element concentrations in individual and composite

samples of whole fish and invertebrates collected at

reservoir sites in the study area, June 7-10 and

October 7-13, 1988-----------cmcmmmmcmc e mm e ccm e m e e
Trace-element concentrations in composite samples of

aquatic plant species collected at selected reservoir

sites in the study area, June 7-10, 1988------------c--=--
Concentrations of organochlorine pesticides in livers and

eggs of birds and composite samples of fish collected

at selected reservoir sites in the study area,

June 7-10, 1988------ e D L DD

58
59
60
61

62

63

71

74

76

82

84



CONVERSION FACTORS AND ABBREVIATED
WATER-QUALITY UNITS

Multiply By To obtain
acre 0.4047 hectare
acre-foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft3/s) 0.028317 cubic meter per second
foot (ft) 0.3048 meter
foot per mile (ft/mi) 0.3048 meter per kilometer
inch (in.) 25.4 millimeter
inch per year (in/yr) 25.4 millimeter per annum
micrometer (m) 0.00003937 inch
mile (mi) 1.609 kilometer
millimeter (mm) 0.03937 inch
square mile (mi2) 2.59 square kilometer

Temperature in degree Fahrenheit (°F) can be converted to degree Celsius
(°C) as follows:

°C = 5/9(°F-32).

Temperature in degree Celsius (°C) can be converted to degree
Fahrenheit (°F) as follows:

°F = 9/5(°C)+32.

Abbreviated water-quality units used in this report:
microsiemens per centimeter at 25 degrees Celsius (MS/cm)
microgram per liter (ug/L)
milligram per liter (mg/L)
microgram per gram (ug/g)

microgram per kilogram (pg/Kg)

Dry-weight concentrations in biota sample% may be converted to wet-weight
concentrations as follows:

Wet-weight concentration = [1-(percent moisture/100)] Dry-weight concentration.
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RECONNAISSANCE INVESTIGATION OF WATER QUALITY, BOTTOM SEDIMENT, AND
BIOTA ASSOCIATED WITH IRRIGATION DRAINAGE IN THE MIDDLE
ARKANSAS RIVER BASIN, COLORADO AND KANSAS, 1988-89

David K. Mueller, Lawrence R. DeWeese, A. Jack Garner,
and Timothy B. Spruill

ABSTRACT

During the last several years, concern by the U.S. Department of the
Interior has been increasing about the potential effects of irrigation drain-
age on the health of humans, fish, and wildlife. During 1988, a reconnais-
sance investigation was made of irrigation~-drainage quality in the middle
Arkansas River basin in southeastern Colorado and southwestern Kansas. This
area was selected because high concentrations of selenium previously had been
detected at several sites on the Arkansas River and its tributaries. This
investigation was part of a program initiated in 1985 by the U.S. Department
of the Interior to evaluate the effects of irrigation drainage on water
quality, bottom sediment, and biota in the Western United States.

Water, bottom-~sediment, and biota samples were collected at 14 surface-
water sites--7 sites on the Arkansas River, 2 sites on tributary streams, and
5 sites on reservoirs. Ground-water samples were collected from five municipal
wells completed in the Arkansas River valley alluvial aquifer.

Drainage from irrigated land underlain by marine shale affects the
Arkansas River between La Junta, Colo., and Deerfield, Kans.; two tributary
streams in the vicinity of Pueblo, Colo.; and several off-channel reservoirs.
Selenium was the only trace constituent associated with irrigation drainage
that was detected at elevated concentrations in water, bottom sediment, and
biota.

Selenium concentrations in surface water ranged from 1 microgram per
liter, in Pueblo Reservoir near the upstream end of the study area in Colorado,
to 52 micrograms per liter in the St. Charles River near Vineland, Colo. The
maximum concentration detected in alluvial ground water was 29 micrograms per
liter at Las Animas, Colo. State drinking-water standards and the
U.S. Environmental Protection Agency maximum contaminant level for selenium
(10 micrograms per liter) were exceeded at three streams sites and three
ground-water sites. State aquatic-life standards and the U.S. Environmental
Protection Agency criterion for acute exposure to selenium were not exceeded
at any sites on the Arkansas River or in any reservoirs. However, the Colorado
standard for chronic exposure and the U.S. Environmental Protection Agency
criterion for chronic and acute exposure were exceeded in two tributary streams.
The U.S. Environmental Protection Agency criterion for chronic exposure was
exceeded at four sites on the Arkansas River and in three reservoirs.
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Elevated concentrations of selenium in battom sediment occurred at four
of five reservoir sites and at one tributary site. The maximum concentration
was 5.4 micrograms per gram in Lake Meredith near Ordway, Colo.

Geometric mean selenium concentrations in livers from bird species
collected at reservoirs during the spring were highest in killdeer (9.9 to
42 micrograms per gram dry weight), intermediate in mallards (9.7 to 24 micro-
grams per gram), and lowest in American coots (12 to 15 micrograms per gram).
The maximum selenium concentration (56 micrograms per gram) was detected in
the liver of a black-necked stilt from Lake Meredith in Colorado.

Five species of fish from the Arkansas River had selenium concentrations
ranging from 2.1 to 18.5 micrograms per gram dry weight, and three species
from the tributaries had selenium concentrations ranging from 3.6 to 16.9 micro-
grams per gram. Thirteen species of fish in the reservoirs had selenium
concentrations ranging from 2.2 to 20 micrograms per gram. Selenium concentra-
tions in invertebrates from the Arkansas River|, tributaries, and reservoirs
ranged from 2.7 to 8.7 micrograms per gram. The maximum concentration of
selenium detected in plants was 14 micrograms per gram in a sample of algae
from Lake Meredith in Colorado. Eight organochlorine pesticides were detected
in some samples of bird livers and eggs and in fish from the reservoirs, but
all concentrations were within the ranges of reported background concentra-
tions. No evidence of deformity or reproductive failure was observed for any
bird or fish species; however, the study was not designed to assess reproduc-
tion or to determine the extent of embryonic deformities.

Selenium concentrations in some samples of food organisms (small fish,
invertebrates, aud aquatic plants) exceeded the dietary concentration of
10 micrograms per gram wet weight demonstrated| to alter reproduction in
mallards. Nearly all fish samples had selenium concentrations exceeding the
85th percentile established by a national survey. Nearly all fish samples
from three reservoirs and almost none from two other reservoirs had whole-fish
concentrations of selenium exceeding the concentration that correlated with
reproductive impairment in bluegills.

Selenium concentrations in fish collected| from reservoir sites were
positively correlated to selenium concentrations in the reservoir water. No
other relations between abiotic and biotic matrices were identified.

Elevated concentrations of aluminum, arsenic, copper, lead, mercury, and
zinc also were determined in at least one matrix (water, sediment, or biota)
at one or more sites. The source of lead, mercury, and zinc may be mine
drainage upstream from the study area. |




INTRODUCTION

During the last several years, there has been increasing concern about
the quality of irrigation drainage and its potentially harmful effects on
human health, fish, and wildlife. Concentrations of selenium greater than
the water-quality criterion (35 pg/L) for the protection of aquatic life
(U.S. Environmental Protection Agency, 1986) have been detected in subsurface
drainage from irrigated land in the western part of the San Joaquin Valley in
California. 1In 1983, incidences of mortality, birth defects, and reproductive
failures in waterfowl were discovered by the U.S. Fish and Wildlife Service at
the Kesterson National Wildlife Refuge in the western San Joaquin Valley,
where irrigation drainage was impounded. 1In addition, potentially toxic trace
elements and pesticide residues have been detected in other areas in Western
States that receive irrigation drainage.

Because of concerns expressed by the U.S. Congress, the U.S. Department
of the Interior (DOI) started a program in late 1985 to identify the nature
and extent of irrigation-induced water-quality problems that might exist in
Western States. In October 1985, an interbureau group known as the '"Task
Group on Irrigation Drainage" was formed within the DOI. The Task Group
subsequently prepared a comprehensive plan for reviewing irrigation-drainage
concerns for which the DOI may have responsibility.

The DOI developed a management strategy, and the Task Group prepared a
comprehensive plan for reviewing irrigation-drainage concerns. Initially, the
Task Group identified 20 locations in 13 States that warranted reconnaissance-
level field investigations. These locations relate to three specific areas of
DOI responsibilities: (1) Irrigation or drainage facilities constructed or
managed by the DOI, (2) national wildlife refuges managed by the DOI, and
(3) other migratory-bird or endangered-species management areas that receive
water from DOI-funded projects.

Nine of the 20 locations were selected for reconnaissance investigations
during 1986-87. The nine areas were:

Arizona-California: Lower Colorado-Gila River Valley area

California: Salton Sea area
Tulare Lake area

Montana: Sun River Reclamation Project area
Milk River Reclamation Project area

Nevada: Stillwater Wildlife Management area

Texas: Lower Rio Grande-Laguna Atascosa National
Wildlife Refuge area

Utah: Middle Green River basin area

Wyoming: Kendrick Reclamation Project area



In 1988, reports for seven of the reconnaissance investigations were
published. Reports for the remaining two areas were published in 1990. Based
on results of the first nine reconnaissance investigations, four detailed
studies were initiated in 1988: Salton Sea area, Stillwater Wildlife
Management area, middle Green River basin area, and Kendrick Reclamation
Project area. Eleven more reconnaissance investigations were initiated in
1988:

California: Sacramento Refuge Complex
California-Oregon: Klamath Basin Refuge Complex
Colorado: Gunnison and Uncompahgre River basins and

Sweitzer Lake
Pine River Project

Colorado-Kansas: Middle Arkansas River basin

Idaho: American Falls Reservoir

New Mexico: Middle Rio Grande Project and Bosque del Apache
National Wildlife Refuge

Oregon: Malheur National Wildlife Refuge

South Dakota: Angostura Reclamation Unit

Belle Fourche Reclamation Project
Wyoming: Riverton Reclamation Project

All studies were conducted by interbureau| field teams composed of a
scientist from the U.S. Geological Survey as t%am leader, with additional
U.S. Geological Survey, U.S. Fish and Wildlife Service, and U.S. Bureau of
Reclamation scientists representing several different disciplines. The
reconnaissance investigations were directed toward determining whether
irrigation drainage: (1) has caused or has the potential to cause significant
harmful effects on human health, fish, and wildlife, or (2) may adversely
affect the suitability of water for other beneficial uses.

The middle Arkansas River basin was selected for study primarily because
historical records indicated the occurrence of high concentrations of selenium
in surface water in the basin. Selenium is a primary element of concern in
drainage from irrigated land. The median selenium concentration from 1975
through 1987 in the Arkansas River near Coolidge, Kans., was 19 pg/L, the
highest of any site in the U.S. Geological Survey National Stream Quality
Accounting Network (NASQAN). Concentrations of selenium greater than the
State drinking water standard (10 pg/L) have been detected at several other
sites on the Arkansas River and its tributaries in the study area. The
Fryingpan-Arkansas project, constructed and operated by the U.S. Bureau of
Reclamation, provides a supplemental water supply to irrigators in the study
area. Although there are no U.S. Fish and Wildlife Service refuges in the
study area, it is used intensively by migratory waterbirds, and several State-
operated wildlife areas are located in the study area.





























































































A total of 21 water samples from surface-water (stream and reservoir)
sites and 5 samples from ground-water sites were collected during the study.
The State domestic-water-supply standard of 250 mg/L for sulfate (table 6) was
exceeded in 17 of the surface-water samples (tables 8-10) and in 4 of the
ground-water samples (table 11). The only sites where this standard was not
exceeded were near the upstream end of the study area (sites Al, A3, and R1)
and the ground-water site at Syracuse (site G3), which may be recharged from
the sand-dune area. The State standard and U.S. EPA maximum contaminant level
of 10 pg/L for selenium in domestic-water supply (table 6) was exceeded at
three surface-water sites (T1l, T2, and A3) and in three ground-water sites
(G1, G2, and G4). Two of these surface-water sites (Tl and T2) are tribu-
taries that contributed little streamflow to the Arkansas River at the time of
sampling. Sites A3, Gl, and G2 are located in the area between La Junta and
John Martin Reservoir, where runoff from marine-shale areas seems to have its
most significant effect in the study area. The selenium concentration in
surface water from the La Junta area (site A3) was 17 pg/L (table 8). The
concentration in ground water was 12 pg/L at La Junta (site G1) and 29 pg/L at
Las Animas (site G2), which is about 17 mi downstream from site Gl (table 11).
The other well in which selenium exceeded the drinking-water standard was at
Lakin (site G4). The concentration of selenium in a sample from that site was

12 pg/L.

The highest concentrations of selenium measured in all the samples during
the study were 45 pg/L at site T1 and 52 pg/L at site T2 (table 8). These
concentrations exceed the U.S. EPA criteria for protection of aquatic life for
both chronic and acute exposure (table 5). They also exceed the Colorado
standard for chronic exposure but not for acute exposure. The State selenium
standards and U.S. EPA criterion for acute exposure were not exceeded at any
other surface-water sites (tables 8-10); however, the U.S. EPA criterion for
chronic exposure (5 pg/L) was exceeded at four additional sites on the
Arkansas River (sites A2, A3, A6, and A7), at three reservoir sites in June
(sites R2, R4, and R5), and at one reservoir site in October (site R5).

The only other water-quality standard that was exceeded in any sample
was the chronic-exposure aquatic-life standard for mercury (0.1 pg/L in
Colorado and 0.012 pg/L in Kansas, table 5). The highest mercury concentra-
tions were detected at the most upstream sites (tables 8 and 9): Pueblo
Reservoir (site R1, 0.6 pg/L), the Arkansas River above Pueblo (site Al, 0.9
pg/L), Fountain Creek (site T1, 0.5 pg/L), and Lake Meredith (site R2,

0.6 pg/L). Concentrations decreased downstream but exceeded the standard at
all stream sites except the most downstream location (site A7, Arkansas River
near Deerfield). The source of mercury seems to be upstream from the study
area, and the elevated concentrations probably are not caused by irrigation
return flow within the study area. The acute-exposure standard (2.4 pg/L) was
not exceeded at any site.

Concentration of trace elements, other than selenium and mercury,
generally were much lower than the most restrictive standards listed in
tables 5 and 6. The maximum cadmium concentration was 2 pg/L, which might
have exceeded the aquatic life standard if the hardness was low. The lowest
hardness associated with 2 pg/L of cadmium was 270 mg/L at site A2 (Arkansas
River near Nepesta). At this hardness level, the chronic-exposure standard
for cadmium is about 2.5 pg/L. Lead concentrations were less than analytic
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reporting limits (5 pg/L) in all samples but could have exceeded the aquatic-
life standard for chronic exposure if hardness was low. However, the only
site where hardness was low enough for the standard to be less than 5 pg/L was
site R1 (Pueblo Reservoir), which is upstream from the irrigated area. The
maximum concentrations of arsenic, chromium, copper, and zinc in all water
samples were no more than 50 percent of the most restrictive standards for
these trace elements.

Because data collection for the study occurred during a 4-month period,
short-term hydrologic conditions could have had a substantial effect on water
quality. To evaluate this effect, historical data from several surface-water
sites were compared to data collected during the study. The largest record of
data available in ‘the study area was for specific conductance, which can be
a surrogate measure of the dissolved-solids concentration in water. The
historical distributions of specific~conductance data from eight sites are
plotted in figure 12. Values measured at these'sites during the study also
are shown. At Pueblo Reservoir (site R1) and Lake Meredith (site R2), the
June values were about equal to the lower quartile of the historical data, but
the .October values were as high or higher than the historical maximums.
Specific conductance generally varies inversely with streamflow; therefore,
the greater than normal inflow to the study area during 1983-87 (fig. 5) could
have diluted specific conductance throughout the study area in the beginning
of the sampling period. As inflow to the study area decreased to less than
normal during the sampling period, specific conductance could have increased.
However, most specific-conductance values for stream samples collected in
August were about the same as the historical medians for the stream sites (Al,
T1, T2, A2, and A4). In the Arkansas River near Coolidge (site A6), the value
was much less than the historical median. This|site is downstream from
John Martin Reservoir, from which releases were |greater than normal during the
study period. These releases could have maintained a dilute condition in the
eastern part of the study area, even though inflow at the western end (site Al)
was less than normal. ‘

Similar effects can be seen in plots of dissolved-~selenium data (fig. 13)
for sites with at least eight historical values. Between June and October,
selenium concentration at Pueblo Reservoir (site R1) increased from the
historical 25th percentile to the 75th percentile. Concentrations were about
the same as the historical median in the Arkansas River upstream from Pueblo
(site Al) and downstream from John Martin Reservoir (site A4) but less than
the 25th percentile farther downstream near Coolidge (site A6). In general,
the constituent concentrations in samples collected during the study upstream
from John Martin Reservoir may be representative of normal conditions, but
those in samples collected at downstream sites may be representative of dilute
conditions.
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SPECIFIC CONDUCTANCE, IN MICROSIEMENS PER CENTIMETER AT 25 DEGREES CELSIUS
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Figure 12.--Historical specific-conductance data and
values measured during the study in 1988.
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Bottom Sediment

Selenium concentrations in the fine fraction of bottom sediment (particle
size <0.062 mm) exceeded the baseline value (1.4 ug/g, table 7) at 5 of the
13 sites (tables 12 and 13) where samples were collected. The only stream
site that had an elevated concentration was on the St. Charles River (site T2,
2.1 pg/g), although the concentration in the Arkansas River downstream from
John Martin Reservoir (site A4) was almost equal to the baseline value (table
12). All reservoir sites except the Great Plains Reservoirs (site R3) had
elevated concentrations, and the concentration at site R3 was equal to the
baseline value (table 13). The highest concentrations were in Lake Meredith
(site R2, 5.4 ug/g) and John Martin Reservoir (site R4, 4.2 pg/g). The high
concentration at site R4 may be additional evidence that selenium is being
removed from the water and accumulating in the reservoir. This effect could
have caused the decrease in selenium concentration in surface water between
sites upstream (site A3) and downstream (site A4) from the reservoir (table 8).

Selenium concentrations in the coarse fraction of bottom sediment
(particle size <2.0 mm) were less than concentrations in the fine fraction at
all stream sites. At reservoir sites, almost all of the sediment was fine
enough to pass through either sieve. Therefore, the fine and coarse fractions
were nearly identical, and the selenium concentrations were about equal.

The concentrations of lead and zinc in the fine and coarse fractions of
bottom sediment from Pueblo Reservoir (site R1) exceeded baseline values
(tables 7 and 13). These elements are among the common constituents of mine
drainage and may have been transported into the reservoir from sources
upstream from the study area. Copper, mercury, and zinc concentrations
exceeded baseline values in the fine fraction of bottom sediment from the
Arkansas River near Deerfield (site A7) (table 12). The concentrations of
chromium and nickel also were high at this site, although less than the
baseline values. No source of these trace metals is known to exist in the
vicinity of site A7.

Baseline values were not available for organochlorine pesticides in
bottom sediment; however, few concentrations exceeded reporting limits in
samples collected at reservoir sites in the study area. Chlordane and DDE
were identified at all five reservoir sites (table 13). Maximum concentra-
tions were 2.0 pg/kg for chlordane at Pueblo Reservoir (site R1), near the
upstream end of the study area, and 1.0 pg/kg for DDE at Lake McKinney (site
R5), near the downstream end. The only occurrence of DDD was at site RI,
which is not affected by irrigation drainage from within the study area.
Aldrin was identified at one site (Great Plains Reservoirs, site R3), and
dieldrin was identified at two sites (R3 and R5). No other pesticides were
detected in any sample.
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Biota

Concentrations of trace inorganic elements ‘and organic compounds were
quantified in a variety of living organisms, principally birds and fish. Bird
livers were selected for analysis to determine whether elements or compounds
occurred in sufficient quantities to harm the health, reproduction, or survival
of birds breeding in the study area. Whole fish were analyzed to determine
their contaminant residues and to examine the pdtential for chemical exposure
to fish-eating birds. A limited number of invertebrate and aquatic-plant
samples also were collected at some sites. All /data are listed by biological
matrix in the "Supplemental Data" section (tables 14-20). Geometric-mean
values in the data tables were calculated by assigning one-half the reporting
limit to samples that had concentrations below ihe limit of detection. Geo-
metric means were not calculated for elements aﬂd matrices with more than
one-half of the number of sample concentrations |less than detection. The
occurrence of elements detected at greater than!baseline concentrations is
discussed, by element, in the following sections.

Aluminum

Aluminum was, on average, more concentrated in the livers of killdeer
than in livers of either mallards or American coots (tables 14 and 15). The
maximum aluminum concentrations in bird samples were 416 ug/g in an adult
killdeer liver (table 15) and 1,090 pg/g in the lwhole body of a juvenile
killdeer (table 16), both from Pueblo Reservoir |[(site R1). Aluminum concen-
trations in whole bodies of nestlings or young Hirds were consistently higher
than those in adult livers, but the concentratigns in eggs were lower than in
livers (table 16). Concentrations of aluminum in livers from four avian
species varied from less than 2.90 to 8.24 ug/g, and in breast muscles from
the same birds, residues varied from less than 2.88 to 23.7 ug/g (table 15).
Aluminum concentrations in mallard and American [coot samples did not indicate
any downstream trend. Data obtained for mallards and American coots at the
same reservoirs in June and October were similar between months and species.

1

Samples from stream sites indicated generaﬂly higher concentrations of
aluminum in crayfish than in all species of fish collected (table 17). Common
carp had the lowest concentrations among fish. For carp samples from stream
sites, the peak aluminum concentration occurred at Lamar (site A5). The
maximum concentration in crayfish occurred at La Junta (site A3). A general
increase in aluminum concentrations from upstream to downstream sites was
detected in shiners; the highest concentration dccurred at Deerfield (site A7).
Aluminum concentrations in fish collected from reservoirs during June and
October were variable (table 18). The maximum concentration of aluminum
in fish was 3,200 ug/g in gizzard shad from the Great Plains Reservoirs
(site R3), and the minimum was less than 3 ug/g in one species from the Great
Plains Reservoirs and two species from John Martin Reservoir (site R4). Using
common carp for comparison, the only fish species collected at most stream and
reservoir sites, aluminum concentrations were nearly four times higher in the
reservoir fish (tables 17 and 18). Consistent downstream trends were not
apparent for fish samples from reservoirs.
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Filamentous algae and pondweed samples from the reservoir sites had
particularly high concentrations of aluminum (table 19). The highest concen-
trations were 18,200 pg/g in algae and 4,220 pg/g in pondweeds from Lake
Meredith (site R2). Progressively lower aluminum concentrations occurred in
aquatic plants, whole fish, whole avian juveniles, and adult avian livers.

Aluminum concentrations detected in filamentous algae from Pueblo
Reservoir (site R1), Lake Meredith (site R2), and John Martin Reservoir
(site R4) may be a hazard to young herbivorous birds, such as American coots.
Mallard ducklings exposed to about 11,000 pg/g aluminum (10,000 pg/g wet
weight) in the diet experienced stunted growth and high rates of mortality,
and those exposed to about 5,500 ug/g aluminum (5,000 pg/g wet weight) in the
diet experienced stunted growth and altered behavior (Sparling, 1990). A
concentration of 416 pg/g (dry weight) in a killdeer liver from Pueblo
Reservoir (site R1) (table 15) possibly could be considered elevated. The
source of potential aluminum contamination in the study area is not known.

Arsenic

All samples of avian liver and breast muscle had less than 0.54 ug/g
total arsenic (tables 14-16). All but one sample of juveniles and eggs had
less than the detection limit of 0.2 ug/g arsenic; a whole juvenile mallard
had 2.3 pg/g arsenic (table 16).

The maximum concentration of arsenic in fish from stream sites was
1.24 ug/g in shiners at Deerfield (site A7) (table 17). The maximum in fish
from reservoirs was 2.1 pg/g in a small-mouth bass sample collected at Pueblo
Reservoir (site R1) in June (table 18). The maximum concentration in crayfish
was 2.85 pg/g in a sample from the Arkansas River near Coolidge (site A6)
(table 17). Arsenic concentrations in five fish species collected at the five
study reservoirs were higher in June than they were in October in 8 of 10
instances where the species was collected both times. Ten of 59 total fish
samples collected for the study had arsenic concentrations exceeding the 85th
percentile (0.22 pg/g wet weight; 0.76 pg/g dry weight) established by a
national survey (Lowe and others, 1985); eight of these samples were from
reservoir sites.

The maximum concentration of arsenic in aquatic plants was 37.2 pg/g in
a sample of filamentous algae from Lake Meredith (site R2) (Table 19). This
concentration is less than the 115 pg/g dry weight (approximated using
13-percent moisture) of arsenic, which when incorporated into the diet delayed
growth in mallard ducklings (Camardese and others, 1990).

In general, arsenic concentrations were highest in aquatic plants,
followed by crayfish, reservoir fish, stream fish, and avian livers, eggs or
young. The source of arsenic is not known; however, mining activity occurs
upstream from the study area, and industrial activities occur within the study
area.
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Cadmium

Cadmium was less than the reporting limit (0.19 ug/g) in all waterfowl
breast-muscle samples and did not exceed 3.99 pg/g in liver samples (table 15).
Cadmium was detected in only 1 of 10 samples of whole bodies or livers of
juvenile birds and in none of 9 samples of bird eggs (table 16). Pathological
changes have been identified in mallards that had cadmium concentrations of
almost 100 pg/g in their livers (White and Finley, 1978).

Concentrations of cadmium in fish did not exceed any reporting limits
(0.16-3 pg/g dry weight) (tables 17 and 18). The 85th percentile established
by a national survey (Lowe and others, 1985), 0.06 ug/g wet weight (0.21 ug/g
dry weight), could not be used as a baseline because it was below most of the
reporting limits used for this study.

The highest concentration of cadmium in aquatic plants was 0.94 pg/g in
a sample of algae from Lake Meredith (site R2) (table 19). Concentrations of
cadmium in aquatic plants or other biota from the study area are not considered
|

a problem.

Copper

Copper concentrations in the livers of mallards generally exceeded those
in Americ