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Activities releasing selenium to aquatic environments.

Coal-fired power plants Belews Lake, NC;
Hyco Reservoir, NC,

Martin Lake, TX.

Agricultural irrigation Kesterson Reservoir, CA,
NIWQP (Salton Sea, CA;
Middle Green River, UT;
Kendrick, WY;
Gunnison/Grand Valley, CO);
Republican River, NE/KS.

southeastern Idaho.

San Francisco Bay, CA ' !

Alberta, eastern U.S.




Selenium in Western Colorado

Adobe Hills with Mancos Princeods Pl
Shale | Selenium soils
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Schematic of Selenium Pickup
in Irrigation Water
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Selenium Cycling

From Lemly & Smith 1987

Biological, chemical, and physical processes cycle selenium
into and out of water, sediment , and biota




Selenium Cycling: Dissolved Selenium
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From Lemly & Smith 1987

Low waterborne concentrations can accumulate through
food chain to top consumers




Deficiency, sufficiency, and toxicity of selenium.

Selenium status
Selenium concentration

Deficiency Sufficiency  Toxicity Reference

Animals <0.04ngy/g 0.04-0.)gy/g >4 myl/g Lakin 1973
Animals <0.04ng/g 0.04-0.7w/g >4 ny/g Wilbur 1980
Animals <0.05ng/g 0.05-0.3w/g >2 ny/g NRC 1989

Fish <0.07mg/g 0.07-0.1%m/g >3 np/g Hilton et al. 1980
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Effects of Selenium

Level of
cConcern

Toxicity
Threshold*

Effect on Fish and/or
Wildlife

Water (ppb)

1-2

>2

Food chain
bioaccumulation &
reproductive failure

Sediment

(Ppm)

1-4

>4

Food chain
bioaccumulation &
reproductive failure

Diet (ppm)

>3

Reproductive failure

Waterbird
eggs (ppm)

Reproductive failure

Fish, whole
body (ppm)

Mortality of juveniles
& reproductive failure

! Concentrations above this value produce adverse effects for SOME species.




What Is ppm and ppb ???

i ppm=parts per million=ug/g
~ 1 inch in 16 miles
1 drop In 35 gallons

i ppb=parts per billion=ug/I
_ 1 inch in 16,000 miles
_ 1 drop in 35,000 gallons
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i Adult fish appear healthy but reproduction
affected and populations decline over time

i Selenium deposited into the egg and as yolk IS
absorbed by embryo/larvae, oxidative Stress
occurs to cells and causes deformities

it Deformed larvae have reduced survival and
growth



Seleniuminduced deformities In
larval fish.

A: Normal.

B: Deformed.

. Pointed head.

. Gaping jaw.
Kyphosis.
Lordosis.

Edema & delayed
yolk absorption.
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(from Lemly 1997)



Selenium induced jaw
and mouth deformities

A & B: Deformed

C: Normal

Red Shiner

From Lemly 1997




