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An evaluation of the relationship between chronic heavy metal (lead, zine,
copper, and cadmium) pollution of the upper Arkausas River and the brown trout
population occurring there was completed. The study revesls lead and zinc
biloaccumulation in liver and kidney tissues of brown trout does not occur to
any significant degree. Brown trout liver tigsues accumulate copper with both
increasing exposure levels and exposure time. The liver copper bicaccumula—
tion appears to be occurring via uptake through the food chain rather than
csmotically zcross the gills or other absorptive tissues: Long~term eXposure
to extremely low levels of cadmium appear o pose the most significant
detrimental impact on the brpwnAQEEQEmibggiqggﬁﬁ%iﬁuéhéAﬁéﬁér”&rﬁ?ggas'River.

Cadmium bicaccumulates in both liver and kidney tissue with both increasing
exposure time and exposure levels. Statistically significant relationships
are demonstrated between cadmium levels in the water over a 2-year period and
depressed brown trout population densities over that same time period.
Statistically significant relatiouships are demonstrated between brown trout
population densities and liver and kidney cadmium biocaccumulation iz 2- and
3-year-o0ld brown trout. Statistically significant relationships exist between
cadmium levels in the water and liver cadpium accumulation levels,
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Over the past decade many studies have been conducted on the aquatic life
of the Arkansas River (LaBounty et al. 1975; Roline and Boehmke 1981; and
Nesler 1983), These studiss concentrated on the physical, chemical, and
biclogical aspects of the upper Arkansas River, delviang into the role of
severe chronic heavy metal pollution and its impacts on the upper Arkansas
River from above Leadville, Colorade, downstream to the confluence with Lake
Creek,

The Colorada Division of Wildlife implemented a quality trout management
Program on sections of the Arkansas River from Salida downstream for more than
30 miles in 1981. Evaluations of the brown trout population in this reach of
the Arkansas River indicated at Age 1 and 2, these trout were among the
fastest growing, stream dwelling trout in Colorade (Nehring and Anderson
1981). It was believed the Arkamsas River held excellent potential for
providing a dense population of quality size (<14 in. and larger) and age
brown trout under the proper management regime. Despite the implementation of
a two~trout bag limit with z minipum size limit of 16 inches, the management
program has not produced any increase in the numbers of quality size (<14 in.)
brown trout since 1981. Evaluarions have continued on am annual basis since
1981 (Nehring and Anderson 1581, 1982, 1983, and 1985; Nehring, Anderson, and
Winters 1984) that have clearly documented the pooer survival of brown zreut in
the Arkansas River beyond 3 or 4 years of age. Habitatr degradatiom from
siltation, a poor food supply, and heavy metal pollution have all been
considered as contributing to the poor survival of trout in the Arkansas
River. However, many streams with much more severe living conditions for
trout with equally poor food supplies have not resulted in the gear
elinination of trout & years of age and older to the degzeehiiéerved iz the
Arkansas River. Annual electroshocking surveys each March revealad the
majority of trout im the 12-16 inch size Tange ware in very emaclated
condition,

This perplexing problem, i.e. very rapid growth and good survival for the
first 2 years of 1ife, followed by a steep decline in annoual growth rate, apd
pocr survival after attaining sexyal marurity by the brown trout, led us to
examine the role of heavy metat psiTution inm the Atkansas River and to study
the potential biloaccumulation of heavy metals by the brown trout. What
follows is a synthesis of all of the data from the studies cited above, an
intensive review of the pertinent literatuyre on heavy metral toxicology as it
pertains to salmonids, and a detailed analysis of the heavy metal (zinc,
copper, lead, and cadmium) bioaccumulation in browm trout liver and kidney
tissues. The purpose of this evaluation is two-fold, First, is it possibie
to determine if there are significant correlations berween: (1) the heavy
metal content in the Arkansas River; (2) the heavy metal content of the liver
and kidney tissues of the Arkansas River brown trout; and (3} the brown rrout
population density throughout the Arkansas River? Secondly, 1f correlaricns
do exist, is it possible to determine which metsll{s) are the most cause for
CoOnNCers.

Resulis

Table 1 {(attached appendices) presents the tesults of the heavy metal
analyses for brown trout liver and kidney tissue samples collecred at six



different sites from Salida upstream beyond Leadville., 7Table 2 describes each
of the six sample sires, as well as the additional collections of rainbow and
brown trout listed in the last five subsections of Table 1, The data in
Table 'l is arranged from an upstream to downstream fashion. This data has
been subjected to numerocus two-sample f-tests to evaluate statistical
significance in heavy metal bloaccumulatrion betwsen stations {but within a
single tissue and age group), as well as within stations {between age groups
within the same tissue). The tests accomplish two things. Firse, if
bloaccumulation ocecurs within a glven tissue and age group between stations,
is this related to incressing levels of population? Second, do certain metals
bicaccumulate at a given station with increasing exposure time, i.e. as the
Fish get clder?

Lead, zinc, copper, and cadmium are rhe four most gbundant meral
contaminants that are highly toxic to salmonids in the upper Arkansss River.
Each of these metals will be discussed individually with respect to the level
of biocaccumulation and potential for damage to the trout population in the
Arkansas River,

Lead

Examination of the biloaccumulation data for lead in the liver and kidney
tissues of brown trout (Table 1)} reveals very low levels of lead in either
tissue. Furthermore, there iz no consistent pattern of lead accumulation,
elther within a tissue and sample site with increasing age, or between sample
sites as cne proceeds downstream into the most severely polluted areas.

Goettl and Davies {1978) worked with rainbow trout in the laboratory over a
complete life cycle and found lead accumulation inm the kidneys averaged about
30 yg Pb/g after 48 weeks expesure to about 5-13 ug Pb/1 (ppb or parts per
billion). Liver accumulation of lead ar that exposure level was only 5 pg
Pb/g tissue dry weight {ppm or parts per million). At an exposure level of

35 ug Pb/1l for 48 weeks, liver Pb accumulaticn averaged 40 ug Pb/g and kidney
lead levels ranged up to 1,500 ug Pb/g on an average. Clearly, these levels
0f lead bloaccumulation in the laboratory studies are in the range of 100-300
times higher than our datz from the Arkamsas River atr all stations. The water
quality data of Roline and Boehmke (1981) clearly indicates total lead lavels
a4t most stations are high enmough to warrant comcern for serious bloaccumula-
tion and potential toxic effects from lead to the trout. However, their liver
analyses in 1979 also showed very litrle bicaccumulation with either exposure
level or exposure time. Apparently, the lead is in 2 particulare suspended or
complexed state such that it is mot takem up osmotically (absorbed through the
gills) nor taken in through the food chain. Iopic lead (Pb++) 415 known to
readlily form inscluble precipitates with carbonare and bicarbonate ions thar
oceur In all natural warters. Warer flowing in 2 srreanm #ould, through
turbulence, facilitate this prscipitation process.

Hy comclusions are that the chronic lead pollution of the upper Arkansas
River does not pose a serious threat to either the trout or the aquatic
invertebrate life in this section of the river, Aquatic insacts as a group
are very toisrant of lead pollution {(Nehring 1979},



Zine

The bimonthly water sampling program of Roline and Boehmke (1981} from
March 197% through Seprember 1980 clearly indicates that zipe is probably the
most consistently prevalent of the four toxic heavy metals ezamined in this
study. The data of LaBoundy et al. (1973) iundicates zioe was the most
prevalent highly toxic heavy metal in the early 1970's as well. 3Both of these
studles revealed zinc levals in the 9.3~1.0 mg/L range or higher. Nehring and

Goettl (1974) demonstrated that zinc was acutely toxic to rainbow, brown, L ad vS

cutthroat, and brook trout at 0,41, 0.64, 0.67, and 0.96 mg Zn/1 in 1lé~day
toxicity tests. C(learly, water in the upper Arkansas River carries zine loads
that run inte the zcure toxicity range for all four species of trour commonly
found in streams in Colorado, especially for unacclimated fish., Trout eggs
iocubated in water containing zinc result inp fingerling trout that are more
resistant to zinc than fingerling hatched from non-zinc exposed eggs {(Goetrl,
Sinley, and Davies 13%74). This undoubtedly explains the ability of browm

trout to exist ino the upper reaches of the Arkansas River where zinc levels
may exceed 1 mg Zn/l on a short—term basis.

Goettl et al. (1973) demonstrated that kidney zinc levels averaged
120-190 ug Zn/g from exposure levels ranging from 0.2 to 2.2 mg Zn/l., They
found no correlations between liver zinc bivcaccumulation with fish length,
age, or exposure time. The liver and kidney zinec bicaccumulation data in this
study (Table 1) confirms their conclusions. There is no apparent bicaccumula—
tion of zine in either liver or kidney tissue for given age fish between
stations or for different age fish within a given station. Thus, peither
gxposure time nor exposure level appear to i{mpact the level of zinc
bloaccumulation in these tissues of brown trout io the Arkansas River.
However, because of the high levels of zinc entering the Arkansas River from
both the Leadville Drain and the Yak Tunnel (via California Guich) the threat
of acutely toxic levels of zinc is a threat to the trout populstion of the
upper Arkansas River, upstream of the Lake Cresk confluence,

My conclusion is that high chronic levels of zinc pollution in the upper
Arkansas River pose a serious threat to the trout population on 3 short~rerm
acute toxicity basis and should not be taken lighetly. - -~
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Goettl and Davies (1976) recommended that the maximum safe level for
copper in cold water was 10 yug Cu/l. Water quality analyses of Roline and g

i

Boehmke (1981) demonstrated that the copper levels in the Arkansas River ik

between the inflow from Californiz Gulch and the confluence with Lake Creek
routinely ranged from 10-40 g Cu/l at all starionms from March 1979 through
September 1980, Goertl, Sinley, and Davies {1974) demonstrated that copper
bicaccumulates in the liver tissue of rainbow trout chronically exposed to
copper levels of 3~37 ug Cu/l over a 48-week pericd. The maximum level of
bicaccunulation of copper im the liver was 738 g Cu/g at an exposure level of
39 yg Cu/l over a 107-week period. HMcKim and Benoitr (1974) demonstrated thers
was ne correlation between blosccumulation 0of copper in brosck trout's Liver,
kidmey, gill, or suscle tissue at exposure lavels below 10 ug Cu/il. Liver
copper levels ranged between 208-239 ug Cu/g at an exposure level of 9 ug/1,
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The bloaccumulation data on liver copper levels inp Table 1 clearly
demonstrates that copper does bloaccumulate ar increasing levels of exposure
between sratiocns as one proceeds dowsstream to the more severely pollured
coilecting sites and within each individual collection site with increasing
exposure times {older age trout). More importantly, the levels of copper
bioaccumulation in the liver tissue of brown trout in the Arkansas River are
5-10 times as high as the levels observed in rainbow trout at comparable
levels of exposure to waterborps copper pollution. The data ipn Tabls 1
indicates average copper biocaccumulation levels im the liver of 2- and
3~year-old trout in the 600-1,400 ug Cu/g range. Many individual samples at
all stations were io the 2,000-4,000 ug Cufg range,

Statistical comparisons between brown trout collected from the Arkansas
River near the Mt, Shavano Rearing Unit with vearling rainbow trout from the
haggQg;z_ggg;xgazliag“xainggys stocked in the Arkansas River at Salida for 6
menths clearly lead to the conclusion that fhe copper bioaccumulation is
securrine throu chain and not through osmotic uptake across the
gills. Sixty to 75% of the water utilized in rearing rainbow trour on the Mr.
Shavano Rearing Unit comes directly from the Arkansas River. Thus, if copper
biloaccumulation were occurring through osmotic uptake, then the liver copper
levels in the rainbow trout should not be much different from that of similar
age brown trout collected in the Arkansas River near the hatchery., While
there was a slight increase in the liver copper levels of rainbows held in rhe
live-box at the time the Yak Tunnel spill passed the Mt. Shavano Hatchery
compared to those rainbows sacrificed prior to the spill, the liver copper
levels of yearling brown trout from the river contained more than three times
as much copper as the yearling brows trout from the hatchery. Similarly, the
Eagle Lake yearling rainbows stocked in the Arkansas River in May-Jupne 19853
and sacrificed in late October 1985 had significantly higher liver copper
levels compared teo the hatchery rainbows. The hatchery rainbows had an‘"*“}
average liver copper accumulation of 218 ,g Cu/g compared to an average of |
491 ug Cu/g in the liver tissue of rainbow trout that iived in the Arkansas \
River for approximately 6 months. These staristics clearly indicare the
majority of the liver copper burden 15 @pparently accumulating through the
fooeeRa1n.

o 2R

A statistical comparison between yearling brown trout from the Arkansas
River with yearling rainbows stocked in the Arkansas River indicated 2o
significant difference in copper accumulation in the liver tissue, further
substantiating the conclusion that copper accumulation im the liver is
occuring primarily through the food chain.

Due to the obvicus biloaccumulation of copper in brown and rainbow trout
liver tissue to extremely high levels, and the chrooic copper levels in the
upper Arxansas River (from the Lake Fork to the Lake Creek coufluence) running
near the acute toxicity range, it appears that copper pollution is a more
serious threat to the trout community because of the dual threat from both an
acute and chronic exposure standpoint. On this basis, copper is probably 3

moTe gerious molluria phlew than zinc, @nd certalnly mO6TE 50 than lead,




Cadmium

Cadmium 1s perhaps the most highly toxic heavy metal known to oceur in the
aquatic enviroument, at least as far as the toxicity to fish and aquatic
insects is concerned. While the "safe” ievels for aguatic 1ife for hoth
cadolum and silver are measured in the parts-per-trillion (nanograms/liter),
caduium, by virtue of its much greater solubility in cold water than most
éﬁﬁgﬁﬁllimﬁﬁiuxiingm§ii?ermgomgqu;ds}mgg§esﬁa much more serious threat to the
aquatic ecosystem. It is also one of the most highly toxic heavy metals to
humans.

Ezamination of the data inm Table 1 ¢learly indicated that cadmium
bicaccumulates in both liver and kidney tissue of brown trout within a given}
station over time and also between stations as one proceeds downstream into
the more severly polluted sections of the Arkansas River. Statisrical
analyses Indicated that kidney cadmium accunmulation levels increased
significantly at each succeeding station moving downstream through the first
three sample sites (EF 1, EF 2, and Big Union Creek station). The Leadville
Drain joins the East Fork of the Arkansas River above the EF 2 sample site,
and California Gulch joins the Arkansas River upstream of the confluence with
the Big Union Creek site. High levels of liver and kidney cadmium accum
ulation persist in the brown trout as far downstrean as Salida and beyond,
Even liver and kidney samples at Coaldale (almeost 160 river miles downstrean
of Leadville) have easily detectible levels of cadsium (see Figures 3 and 4 in
the Appendices).

Goettl and Davies (1978) found liver cadmium levels in ralobow trout
averaged 138'g Cd/g after three years of exposure to 0.5 ug €d/1., Liver
cadmium levels ranged up to 130 ;g Cd/g and kidrey cadmium levels ranged up to
180 ug Cd/g after two years of exposure to 3:.9=7.1 ug/l. The water quality
data of Roline and Boehmke (1981) show average cadmium levels in the Arkansas
River In the 2~4u g Cd/1 range for the entire pericd from March 1979 through
September 1980 from the confluence with California Gulch downstream to the
Lake Creek confluence. Mean liver and kidney cadmium accumulation levals in
the brown trout from the Arkansas River collection sites for Age 1~, 2~, and
3-year-old trout were plotted over the accumulation and exposure levels for
rainbow frout tested in the laboratory by Goettl and Davies (1578), as shown
in Figures 1 and 2 in the Appendices. Not surprisingly, with the exceprions
of the Ossman Ranch and Coaldale collection sites, virtually all of the brown
trout cadmium aceumulation dartaz falls exactly within the ranges for age and Z
exposure levels of the rainbow trout in the laboratory studies. The brown
trout data is even more closely correlated with the exposure lavels of about
1.7-3.5 pg €d/1 in the laboratory studies, almost exactly within the average
raoge of cadmium levels in the Arkansas River over an lB-month period as shown
by Roline and Boehmke (1981). Long-term studies on the toxiclty and
bicaccumulaticn of cadmium in brook trout {Benoit et al, 1976) very closely
approximate the results of Goettl and Davies (1978) with rainbow trout. These
similarities strongly indicate that cadmium acts verym@32§m§§§ same in all

three species (brown, brook, and ralnbew’ of F¥pur. T

There ig one instance where the response of Arkansas River brown rrout
exposed to cadmium does nor follow the responses seen in rhe laboratory
experiments with rainbow and brook trout at similar exposure levels., In every



instance where we were able to find a 4-year-old brown trout, they had
significantly less cadmium accumulation inm the liver and kidney tissues. This
indicates that only those troutr with a significantly lower cadmium burden in
the liver and kidneys survive beyond age four,

DISCUSSION

Our electroshecking studies of brown trout in the Arkansas River reveal
that we are losing large numbers of brown trout berween the third and fourrh
year of life, the first year at which most of the rrout in the population are
attaining sexual maturity. Brown trout, being fall spawners, gemerally cease
feeding early in the fall with the omnset of sexual maturity. Males begin o
tipen in September, while females ripen in October, with spawning usually
commencing in late October-early November in much of Colorado. The onset of
winter brings near freeszing water temperatures and very low merabolic rates
for the trout from November through March of the next year. Our "hypothesis”
is that the additional stress from excessive heavy metal accumulations in
vital body organs such as the liver and kidney is the one additional stress
(in addition to starvation through the spawning perioed, a long winter ¢f cold
water temperatures, a poor forage base, and low body fat and energy reserves)
that the treur canno: survive. The guestion is, does the literature on
laboratory studies in heavy metal toxicology contaln evidence that lends
credence to our excessive stress "hypothesis"?

There is considerable evidence fromw the literature that points to the
stressful response in a wide variety of fish upon exposure to extremely low
levels of cadmium in water. Cearley and Coleman (1974) found iargemouth baszg
exhibited very erratic behavior patterns after 12 weeks of exposure to only &
vg Cd/1l. They began swimming erratically, had muscle spasas, convulsions,
loss of equilibrium, with alternating periods of quiescence and paralysis,
Hiltebran (1971) demonstrated the depressing effects of cadmium on oxygen and
phosphate metabolism in bluegllil liver mitochondria, ultimately depressing
energy production. Rowe and Massaro (1974) demonstrated that cadmium chleride
introduced into the digestive tract of white catfish was ultinarely
accunulated in liver and kidney tissue. Mount and Stephan (1967) reported
that cadmium biocaccumulated in the liver tissue of bluegills and browa
bullheads. Eaton {1974) demonstrated that chronic toxicity of cadoium in
bluegills began after & months exposure to 80 ug Cd/1 and occurred concomitant
with the omser of spawning activity. The liver tissues from bluegills thar
died during spawning showed liver bicaccumulatiocns of 200-500 ug Cd/g. Kidney
cadmium accumulation ranged from 188 ug/g at exposure levels of 31 ug/Cd/1 to
218 ug Cdfg at 240 ug/l. :

Pickering and Gast (1972) demonstrated that cadmium was lethal to farhsad
minnows at 55 yg Cd/1 in a chronic {long-term) toxielty test. Jackim er a1,
(1970) demonstrazed that cadmium was a strong inhibiter of alkaline
phosphatase activity in the liver tissue of the kiliifish, Fundulus
hetercclitus, Flagfish exposed to 16 ug Cd/1 showed severe hyperactivicy
during spawning, with males more severely distressed than females, Pickering
and Gast (1972} found fathead minnows exposed to 110 yg Cd/1 exhibited severs
nervous disorders with males more adversely affected than females. Benoit er
al, (1976} found that all male brook trout died during spawning after exposurs
to anly<§§§%25:§§2§}svez twe different generarions. Both liver and kidaey
tissues of brook trout revealed signifiant levels of cadmium sccumulation from
exposure to 3.4 ug Cd/1 for a peried of less than one year, with the average
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liver accumulation of 10 . g/g and zhe average kidoey accumulationm of 50 4
Cd/g. Measurable levels of liver and kidney cadmium bicaccumulation wers
found at exposure levels of 60 g Cd/1 (&0 partg per rrillion},

Goettl and Davies (1578) demonstrated measurable toxic effects of cadmium

on rainbow frout over longer-term exposure to 7.1 g Cd/1 for ralnbows that
were incubated in cadmium containing water., The "effect - ng effect” Tange
for rainbows hatched from unexposed eggs was between 1.5 and 0.7 ug €471,
Studies have shown that ip brook and rainbow trout, cadmium bleoaccumulazion in
liver and kidney tissue is an_irreversible nrocess. Removal of cadmium=~ % /
contaminated fish to a zadmfﬁﬁ*fieé—ﬁééer supply does ncthing to reduce the X
cadpiim burden In Témal and hepatic tissue, even after wmonths in cadmium-free B
water, " o T e §ER&;%
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All of the above clearly demonstrates the extremely toxic effects of
cadmium to a wide variety of fish at extremely low levels of exposure. Many
of the above studies demonstrared that exposure o very low levels of cadmiunm
manifested itself in death during the ousetr of spawning acrivivy, gspecially 1/
among the males, giving credence to the hypothesis that the brewn trour in the‘“ﬁ?*
Arkansas River may be succumbing to the excessive liver and kidney cadmium
accumulation during the post-spawning winter stress period when body fat and
energy Ieserves are most depleted.

Having adequately demonstrated that: 1} cadmium bicaccumulates in trout
iiver and kidney tissue over a long period of time from very low levels of
exposure; and 2} that it is toxic to trout at the chronio exposure levels
known to exist in the upper Arkansas River documented by Roline and Boehmke
(1981}, it appears worthwhile to see if any statistical relationships exist
between cadmium in the water, cadmium in the liver and kidney tissue of browm
trout, and (most importantly) if either of these two sets of data show any
correlation with the observed brown trout populations in the upper Arkansas
River. The data used in these statistical regression analyses is presented in
Table 3. :

In Sectionm 4 of Table 3, the average cadmium content of the water from
March 1979-September 1980 (from Roline and Boehmke 1981) is the X variable and
is regressed against the brown trout population estimates (Y variable) at six
different sample locations that correspond exactly or very closely to the
water sample stations. Since the relationship between X and Y is curvilinear,
the population variable (Y} was transformed to natural logarithms, The
correlation coefficient (r) was -0.9261 and the coefficient of determination
{32} was 0,88. These two statistical mezsures indicate thatr therse isg: 1) a
highly negative relationship between the cadmium level in the water in 1979
and 1980, and the brown trout population estimares taxen from August 1977 -
through April 1980; and 2) that 86% of the variation in the population
estimates Is explained by the variation in the cadoium zeasured in the warer,

in Section B of Table 3, cadmium accumulation in the liver rigsue of 2-
and J-year-old brown trout {¥ variable) is regressed against the brown trout
population estimates completed from October 23-November 5, 1985 (¥ variable).
Logarithmic regressicn analyses (natural logarithm transformation on the
population estimate) resulted in 2 correlation coefficient (1) of =0.8911 and
-0.74%6, for age two and three browm trout, respectively,



Similariy, a logarithmic regression analysis of the cadmium accumulation
in 2- and 3-year-old brown trout kidney tissue regressed against the
pepulation estimates for October-November 1985 resulted in correlation
coefficients {r} of ~-0.9443 and ~0.9695, respecrively. The coefficient of
determination (1€} between kidney cadsmium accumulation and brown trout
population density was 0.89 and 0,94, for 2- and 3-year-old trout,
respectively. In other words, B%% of the variavion in the browvn traoue
population density was accounted for by the variation in the kidoey cadmiug
accumulation in 2~year—old brown trout and 94% of the variastion in the
population deusity was accounted for by the variation in the kidney cadwium
accumulation in 3d-year-old brown trout.

Finally, is the cadmium accupulation in the liver tissue correlated with
the cadmium content of the water in the upper Arkansas River? Alrhough we do
not have gimultanscus long-tern water quality data available ar enough
stations in the upper Arkansas drainage with which to correlate liver cadmium
accumulation data, 1t is not unreasonable to assume {after examining the
averages and range of fluctuations observed over 18 months in 1979-80 by
Roline and Boehmke) annual average cadmium levels in the water do not vary
that much from ome year to the next at each station., Thus, we correlated the
cadaium content of the 2-year-old brown trout liver tissues (Table 3-C) from
October-November 1985, with the water quality data on cadeiug levels fﬁ}m the
corresponding sampling statioms in 1979-80. Nor too surprisingly, the
correlation coefficient was +0.9961 and the coefficlent of determination was
0.952, indicating that 99% of the variation in cadmium content of the liver
tissue for 2-year-old brown trout was accounted for by the variation in the
cadmium content of the water over the five sample statlons from the Ossman
Ranch to the Otero Pump Plant.

Regression analyses were run on the brown trout population data versus the
lead, copper, and zinc biocaccumulation in liver and kidney tissues, None of
the correlation coefficients of determination explained more thagm 35% of the
variation 1o the brown trout population density, at best. Most of the ré
values were in the 0.008 zo 0.24 rasge.

The data analyses above indicate very strongly that the long-term exXposure
of brown trout in the Arkansas River to very low levels of cadmium iz having a
very detrimental impact on the brown trout population density. It alsc

indicates very strongly that the lmpact is being felt the most on the older
spawning age fish.



Table Z. Descriprion of sempliing sites and their relationship to study sites
of LaBounty et al. (1975) and Roline and Bochmke {19813. ‘
ol

Station Name and
approximate lecation

Description and Other
pertinent data

Ozsmann Ranch (1)*

East Fork of the Arkansas
River downstream of the
Leadville Drain (2)

Arkansas River at Big Unilon
Creek (3)

Arkansas River 1/2 mi. above
the Lake Creek confluence (4)

Atkansas River 1/2 mi. below the
GOtero Pump Station (5)

Arkansas River zt Salida-—catch-
and-release section (6}

Pre-5pill, Arkansas River at

Salids 10/23/83

Post~5pill {from live-box)
Arkansas River at Salida 10/28/85%

The least polluted collection site (from a
heavy metal standpoint), About 4 milas HE
¢f Leadville above the confluence with the

Leadville Drain, just downstream of the Hwy,
24 Bridge at the Ossmann Ranch {west of
highway). Corresponds to EF 1l of Roline and
Boehmke 1981,

Corresponds very closely to EF 2 of Roline
and Boehmke {1981}, This sftation is
downstream of the Leadville Drain (an
important source of heavy metal pollutants
to the Arkansas River) but upstream of the
confluence with Tennessee (reek.

This collection site lies between AR 5 and
AR6 of Roline and Boehmke (1981), downsrream
of the confluence with the Lake Fork gf the
Arkansas but several miles upstream of the
Lake Creek confluence,

Corresponds very closely to AR 8 of Roline
and Boehmke {1981} upstream of the
confluence with Lake Creek {(Twin Lakes
outler).

Approximately 12 miles downstream from the
confluence with Lake Creek, 1/2 mile
downstrean of the Bureau of Reclamarion
Otero Pump Plant.

This collection site begins ar the Stockyard
Bridge, approximately 1 mile east of Salida
on U.5. Hwy. 30,

Brown vtrout were collascted from tha Arkansas
River at the lt. Shavane Stare Fich Rearing
Unit and put into a live box to document any
wortality of trout in the river 35 rhe Yak
Tunnel spill of October 1985 necurred.

Brown trout collected prior to the 5plll and
placed in the live box were sacrificad for
kidney aand liver heavy metal accumulation
after the Yak Tunnel spill of 10/85 had
passed.



Table Z.

Description of sampling sites and their reiationship to study sites

of LaBounty et al. (1975) and Roline and Boehmke (1981 {continued).

Station Name and
approximare location

Description and Other
perrinent data

Hatchery rainbows ~ Pre-spill
from hatchery, 10/22/85

Hatchery rainbows from live~box
post-spill, 10/28/85

BZagle Lake ralnbows - srocked in
Arkansas River for about
siz months

Coaldale (73

Conrrols

Carchable size (yearliing) rainbow trour
sacrificed from the M:. Shavano Fish Rearing
Unit for analysis of heavy metal accumu—
laticn in the liver and kidney tissue prior
to the passing of the Yak Tumnel splll of
10/85,

Hatchery rainbows placed in a live box ip the
Arkansas River prior to the arrival of the
Yak Tunnel spill of 10/85 and sacrificed for
comparative heavy metal content after the
spill had passed.

Rainbow trout from the Mt, Shavano Hatchery
stocked in the Arkansas River in the catech-
and~release section in May or Junme 1985.
Sacrificed for comparative evaluations of
liver and kigney bicaccumulatiocn of heavy
metals,

Brown trout collected from the Arkansas
River downstream of Coaldale, Colorado in
March 1984 for analysis of liver and kidney
tissues for heavy metal accumulation,

Brown trout collected from the South Fork of
the Rio Grande in April 1984 for comparative
analyses of 1iver and kidney heavy metal
accunulations. This tributary of the Rie
Grande near South Fork, Colorado ig not
impacted by base metal mining activiries.

*The numbers in parentheses indicate the numbar of the stations as given ip
5

Figures 3, &4, and

in the appendices.



Table 3, Regression analvses of the relationships between: 1) cadmium content
of the water in the upper Arkansas River; 2) brown trout populazion
densities; and 3) cadmium bicaccumulation in the iiver and kidney
tissues of brown trout in the upper Arkansas River.

Secrion A
Mean cadmium content Fopulation Brown trout
in water (79/80) sampling date population estigate

Station {ug Cd/1 moozh/vear No./hectare

EF 1 0.73 10/73 4,407

EF 2 3.02 10/7% 421

AR 1 2.24 8/77 1,269

AR 2 1.32 10/7% 1,011

AR 7 3.53 8/77 278

AR 9 2.92 4/80 320

Section B
Brown troug Age 2 hge 3 Age 2 Age 3
Population liver Cd liver Cd Kidney £d Kidpey Cd

Statiocn Estimare {ug Cd/g) {ug Cd/g) {ug Cd/g) (ug Cd/g)

EF 1 2,184 9.96 7,860 20.8 11.2

EF 2 919 21.8 35.0 47,0 54,7

AR 8 152 25,7 33.8 156 183

AR 9 158 2.1 27.1 108 106

Salids 393 7.1 14,1 65.4 68,3

L%g T {correlation coefficient) =0.8911 -0,7496 =-0,9443 -0, 9695

¢ {coafficient of determ.) 0.794 G.562 (0.892 0.940

Section C

Mean cadmium Aga 2

content Iin water liver cadmium
Station (797803 {vg Cd/g)
EF 1 .73 5.98
EF 2 3.02 21.8
AR & 3.80 26,7
AR B 3.58 25,7
AR O 2.92 22.1

Correlarion coefficienr - ¢ = +0,9951

Loefficient of detsrminarion - rg

= (.99




TERLE 1_HEAVY WETAL aCCUMMLATION 1M LIVIR a0 RIDREY TISSUE FAOM TROUT I8 THE ARSANSAS RIVIR, 1985

 Lappet

Ladriug Lead Zinc v
{ngizl {1872 fug/z} fugipd . X Cek
Tiesuz  Ags K H 5.D. " % 5.0, # % 5.0, El i 5.5- 7 Afe
AT Osszmann Hanch

Livar i ir 340 129 ik 5.72 3.50 12 2.0 i%.% 17 i35 08
Liver 2 e 398 378 4 .98 7.01 in 1.38 L.2é 23 133 83.¢%
ivey 3 2 36b.4 61.% 4 F.50 1.7% i & e 3 328 14,3
fidney 3 i3 £3.2 5.3 17 11.7 6.2 il .97 5.%7 i 383 2%
Eidnay z 24 34,3 1B.% 24 206.8 13.¢ 1% .58 3.88 F&] 5% 183
Eidszy 3 k4 3.3 2,318 i 13.2 7.9 i B.43 .82 H i1s 1313

East Fork of AThensss River Downsrress of Leadville Brain
Livar 1 3z gL 37 31 14,7 7.08 K &.57 3.7 3z 3: 290
lLiver H 23 454 7% i3 3.8 1.9 14 336 .83 23 438 154
Liver 3 2 462 “5% 2 0 24.1 2 2,850 0.493 4 427 38.3%
Fidony i 32 2C.¢ 85.3% 32 0.7 15.8 & .33 3037 3z 464 k3
Eidpey 2 3 3.2 16.7 I3 47.0 30.2 18 3.84 L.47 2% ERH 258
Ridugy 3 2 6.7 3.34 2 54.7 33.8 2 .93 9.51% 2 pat 8.4

Arisnsas River st Big Untep Creek Confluenge Below Lake Fork Confluenis

Liver i 3 521 300 3 8.0 14,6 3 1.6 0.929 3 3t 8L.3
Livar 2 14 4570 245 14 28.7 12.% 11 1.14 .33 i3 442 AT
Liver 3 i 314 -— i 3.8 —— 1 4,90 — i kol -
Xidoay i 3 4BY 840 3 134.% %1.0 3 5.52 3.4% 3 e 43.0
Xidoey z 12 $3.1 37.2 i3 i36.0 65.8 13 8.8: Z.7% 13 356 99.%
Kidaep 3 1 83.5 R 3 i83 - i 11i.8 n i 313

&thansas River One~Hglf Hile Above laks Lresk Confluenca
Liver i & 418 prty % 7.5 &.55 1.68 3.k8 % 380 32%
Liver i 29 861 593 2% 5.7 21.8 ig 2.56 1.78 27 &i% 210
Livay 3 is 1224 850 1g 3.8 7.1 e 4.0 3.14 8 338 i7:
Liver & i — — e . o - — i - —— —
Tidoey 1 3 63.7 15.8 & 3.8 i3.9% |3 .55 2.01 & 431 154
Kldaey 2 ko 43.7 6.3 28 68.2 5.8 i 12.8 3.0 3¢ 353 243
Iiduey 3 iz 34.2 34.% iz 1.7 37.1 iz i5.4 i3.8 12 493 I8
Eidsey 4 L 38.8 — i 50.4 - i .6 i 333 o

Arkanges River Ume-Half Mile Below the Oters Pump Stetion
Liver H i 375 — i 18.3 - 1 d - 1 318 —
Liver i ] 49 &9 ] 9.3 2.2 8 54 3.88 & 253 87,1
Liver ki 7 620 340 7 7.1 7.28 H .13 L.00 H be¥ 473
Liver % A 1877 - i 43.3 — i 1.00 -_ 1 32 i
Lldaay i 3 346.3 s 1 §a.2 -— 3 1.3 - i 330 —
Fidney 2 ¥ i6.% ] 7 108.0 7.1 ¥ %.3 i¢.2 7 433 348
Ridney 3 £ i8.8 13.4 & 105.8 4%.4 5 12.7 9.87 3 3990 G812
%icdney 4 i 13.2 o i 73.1 e i 22.1 3 332 -

aAr¥enszas River A¢ Sslida Catch/Pelesse Sezgion
Livay i 3 337 188 10,3 U.Bi é &80 1.7¢ 3 1730 129%
Livar 2 1% 1307 893 26 28.3 15.7 24 2.46% 1.9 i5 433 303
Livar 3 17 138% 9598 i7 28.% 2.8 i3 3.03 I.08 A7 2at 1257
fidoay i 3 37.8 3.3 0.3 2.1% 3 3.2 1.48 3 229 33.4
Fidaey z & 28.4 14,0 2% 83.3 43.2 34 9.16 4,13 28 58 105
Eldmeay 3 7 it.2 .84 i B&.4 41.9 i7 B.al .48 Bt 93 148
Pre«Spill, Arkansss River at Salida, 10/23/83
Liver i L] 473 157 Lb.8 12.4 3 EGY 1.77 —r — o
Livay 2 i4 188 281 14 174 6,37 4 Z.4% .50 - e .
Liver 2 & 1149 397 4 18.2 3.28 3 .10 G.72% — - <
Ridaey i 4 33.% 35,3 74,9 4.6 3 4.07 3.45 . — —
Hidory 2 iz h.8 .t 14 $E.% 34.% il .72 §.%% e - -
Eidnsy 3 4. 60.1 36.4 60.3 15.0 & 6,47 2.84 P e —
Post-Spill {Frop Tivebou}, Arkangas River 4% Salids. /28783
Liver ) i 1165 — 3 ag.} - i 8,50 - — — -
Liver 2 iz 879 i1z i i7.4 il.% 33 2.33 L.56% o — -
Liver 3 2 59 g 2 2.05% hLbl 1 G.5 - — — —
Liver % H &3 373 H a - L G.3 e — . — .
Eiduer 1 H £3.% - i 82.7 - e - e e e e
Lidaay H 12 6.8 1.8 12 37.% 2.3 12 537 .08 B e -
Lidngy 3 H 1%.2 1.7 F 43,12 0.6 1 3.7 7.42 e —
Fidoey % 2 5.k 0.8 i g o 4 1.0% 4,638 — P P
Hatchery Rainbows = Pre-Spiil From ilacchery, 18/32/8%
ivar i 17 ilg 88.2 17 d.410 G.11: e- - s e f— -
fldoay i 3} 5.4 &.3a 17 1.43 F.6438 - - i en e <o
Hatghery Bainbows from Livebes Pogpeeisilil, 10728782

Liver i ig s N i 0,473 278 -- - — P -~ .
Eigasy i i% 13.7 .77 1% 1.3 3.98 - e e . e -

Espie lahe fainbows 3ioched in Arhgmsor Alver {or § Momghs
Liver i 13 421 jal i3 3.4 4.833 & .32 .15 i3 5% 143
Eidnny i 13 3%.0 18.% i3 1i.g .17 & &.3 2.9 1% 384 04

-~

§



4

y4weighc)‘

Cadmium concentration {ug Cd/g dr

130 ~=EF 1 East Fork-Arkansas 2. (Ossman Ranch)

{3.D. =29}
@EF Z fast Fork-Arkansas R.be}ow Leadville Drain

{E:ﬁQARS ARE Arkansas R. near 87 Q Un1on Creek Loﬂfluence
70 p

I o
4 AR 8 Arkansas R. % Mile abowetal% Creck CQﬂ;EgenCE

5

Arkansas R. % Mile below Otero | Pump Plant el
& J P e

/ t .
® Arkansas R. z'mﬂef below Salidg ; _

6C ™ ¢ Arkansas R. 1 milel ! below Coalda;

§

chnarol

7.1 ug/l

3.4 ug/l

<

Jount

i
20 150
Laposure time {weeks)

i8¢

Figure 1. The bicsccunulation of cadmivm in the livers of rainbow trour

cxposed to cadmium {or peviods up to 106 weeks,

over timel.

Each uzaake oud
polnt represcnts the maan 20,3 standard deviaeion {(8.D.} the

.o mean. {{ith ﬁrzaﬁtas R. brown trout liver cadmium bioaccumy

o f

o

tation



4

Cadmium conceatratlon {up Cd/g dry weighe)

i {S.D.=71.38} 7.1 ougl/l
24@“ }

® LF 1 East Fork Arkansas R.{Dssman Ranch

2 ®EF 2 fast Fork Arkansas R, below Leadville Drain
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