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Abstract. Water; soH, vogetation, grassboppers, bird ¢ggs, and
bigd livers eollocted at.a 23.5-ha (38 acres) grassland irvigaled
with wostewaler from an i site uraniam mine (stady arda) and
a seferencs site in 1998 were avalyzed for seledium and other
. trage clements. Selenium concentiations in the wranium mine
wastewater apphied onto the grassland ranged Trom 340 to 450
padl.. Selenium in the upper 15 cm {6 in) of sofl from the
irrigated grassland w the mine rnged from 2.6 10 4.2 pgfp dry
wemhl {DW1. Mean solenium conventrations in soif and water
werg 5 aad 13 limes higher at the stody arez than at the
reference site. Selenium concentrmions in grosses amd. grass-
hoppers ranged {mm 6.8 15 24 poig and 11 to 20° npfe DW,

respectively. Sclentum 3 red-winged blackbird 2gps and livers

collectod fromt the sudy nrew ranged from 13,2 10 22 pgfy and -

33 to 53 pgly DW, respociively, and cencentrations were well
in cxeess of toxic throsholds, Mean selenivpm concentiations in
-grasses, prasshoppers, and bivd epes and livers were 5.5 10 30
times higher at the sudy area than at the reference site, Ele-
vated seleninm concentrations o water, soil, grusshoppers, wid
regd-winged blackbird egos and Hvers goftected Srom the »mdy
srea demonstrate -that seleniu s heing mablhzed 'mrl i bl
pocomuluging i the Yood chain.

Wastewster with high sclenium concentrations
with it sier yrining of wrnlum ore as urndum-bearing fornsatons
ke wstally assockued with scleniferous steata (Boon 19893 Boon
{1SR9Y reported that dramtim depaosits in Coivense Clounlty, Wy-
oming, can comain up (o 4,500 p.g/g {ppm) of sclenium, fr sit
mining of wewrioen i done by injecting 2 Emmhmg sojution of
pative gromed waler coatutning corbon dioside and dissobved
oxygen into the urmmiw-beaving formation through injection
wells, The leaching sobution exidizes the araniium and sHows iteo
ddissplve i the ground woter. Prsduciion wells interoept the prog-
mant leaching sofution and pamp it to the suface. The leaching
sclution abwo dissolves seloniin prosest in the formation. The
urasiin is extracted from the progaam feaching solution, and the
water is reinjected into the orc-bearing formation, Water is reey.

Correspoondenee tar P Ramires, 3r: ol Pedro, Ramirertifns gov

s be produced

cled through the minmg process sevesal times and then is disposed
of through deep-well injection, evaporation ponds, or land *ti}ph»
cation ercugh frdgation after trestent for removal of waslum
and radium.

The Highland Urasiom Project near Douglas, Wyoming, has
veported waurbame selentum concentrations from 1,000 w0
2,000 pal. {ppb} in their i sie mining wostewater. The
Wryondng Department of Environmental Quality OWDEQ} huas
imrmi_tle_d the mine o dispose of wostewater througlh. hasd
application. Wastowater is stored in !zolding ponds and &
applied onte & grasstand with center pivol irddgathon systems:

“The omwlanda zrmmwd wula it Awastowater \uppm :wverai

specics of songbirds’ and their primay food souree. insects.
Given the high concentations of. seleniuns in the wastiewater,
an effort was :mde g0 determine if mobilization of this clemeny
Wi mnmng in the food chuin {:.c‘.. water > soil = vegcl.l-
tion > insects > birds) ' ‘
The effects of selesiom on mwmm migr‘ﬂmy binds have hoen
well docurmenied (Bisler 2000 Ohlendorf of of, 1986, 98%;
Skonpa and Ohtendorf 1991). Sefenivey concentiations =2 pg/l.

* i water are known to Bvipair reproduction in sensitive Bird species

dug to the high potemial for cfii:mry toxicity through food chaie
Biosecumulation. Litle information is available op seleninm hio- -
aceemulation amd tesicity in grwshnd species of passetine birds,
Oltendor and Hothen (1995 repot data on srostend species of
passéring birds collected at Kestersen Nagionat Wildlite Refage,
Research on seleninin mobilizaien and Boascwmultation in ter
wslrial conmnunitios has focused primsily on vegenation: and
vgubates (Raishevk or of 199 Eisler 20003,

This study way designed to detenpine selepium concentra-
tions in waler, soil, and vegelation: tervestriad invertebratess |
hirds amek bird czgs: 1o dotermine pathways of sclentvm in the
food chaing and 0 docoment petential adverse effects 1o mi-
gratory birds mnultmq from sclenium bioaccurmulation.

'I\‘inm'ials and Methods

Stueddv Aren

The Hightand Uranitm in e mine is ooated in Convense County,
Wyomsing, smd is bocatesd gpproatistately 40 ke (25 miles) north of
Pauglas and 38 ks {24 miles) nonheast of Glenrock (Figare 1) The
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Fig. 1. Lovation of the Highlund @ sine eranium mine (sudy s wad the Smith Rosih (roference site), Converse County, Wyoming

swastetwoter sturage reservalr is opprostmately 2 ha €5 ures) in sine with
a pxhivens depth of 3 o £10 feet), The center phvat Srrigames 235 ha {58
acres), of grasshusd, Fhe origotor 5 a-leme profille system with 307 o
{42-inch} drop pipes and i 264 m (863 fel) in h:ng!h. The izﬁgnmb
sompleles n rolation dvory 208 b and applies appeoniniotely 0.68 o
0.27 inches) of wastewater.on the grasstand per revelution. A small beem
frors 15 to 30 om (612 inches) high encircles the Drvigatod e oy cosure
that the wastewater !umms o alte. The rrigated s is nasty Bt and is
doaminuted by peasses, sk s Bioeme (Bromas tectmrus), fotal] by irley

{Hordeusn fubustion), Bloe geama (Boutelones grucilis), comimon buffaky
mrass (neddow ductvloides, western wheniirss (Agropvon smithil), and

meedle and theeiad {80 comuead. Solls In the Bvigated arca consist of clay

e elapey-Joam Bidurn wnd Ulm wt:dis. Thesie sanils o sdowdy 10 mod-

erately porncable.

Thee drea neives L:umga. of M m {l" inchesh of precipitiabon
frot your, of which 385 Tulls dusing the nwmshs of May, June, and July
{HERCC 20083 The evapotrauspiration oue is 58-63 om {2323
inches) per year (Moetner 1986), Tomperstons mage frinm —30°F in
the winter to 100°F in Lhe summer (WROD 20003 The prevoiling
wiads are U the west and southwest with predominant speeds
ranging foom 17 to 33 K 41 1-2) milos) per b,

A cenler pivot irrigated ares located on the Smith Ranch approx-
mately 16 ko (10 miles) soutbaest oF the Highland seanium mine, weas
sefected ns the seferance site frefervace site), Alfolfa (Medfiorga sa-
rver) is rrigated ak the reference site. The redius of dhe irigated arca
s AT43 w900 feetdh

Bird Survevs

Bind supvews were condicted nce o wedh betwoen D80 and 1204
MIFT between May 5 and September 3, 1995, Stations were placed

200 an (658 Yot apont and 200 m out from the conter pivot, Surveys
wire prrforsmed by one of pwaabsesver o Both observers roperher,
Counts ot coch. station typioadly lasted 3 min byt were gatended W 10
min H abundance wos low. All Birds observed {seen or heard} within
TH m 46 foel) of & count statlon were eatified {o species,

Nesting Stedy

Bongbiid nests were tocnted nsing random passes with hand-hetd drug-
T and throagh dncidentid Bosdws of Bovles Yeomi mests nd newt
Tocated was Hagged 10 m (338 fee1) ot froan the st in oligniment with
the: cented pivet of the brigatton syseo, Mestioeations wens fiageed 10m
aiwiny 1 v delection of tests by predatons, For cach nest o atedd, clutch
st was geoonded wod one egg was sundomly colloctd, Egpew weie
hsaeciod and embryos - aged and examined for defermiies. The ege
centents were subsmilted fur trsce cloment wpudysis, .

Trace Elemenr. Study

Vegenaion, soil. water, wnd terresteial invertehyate snmphes wen cols
feited fross the stady aros ond the reference site, Al wpalpmerst wsed
e colleet water and soil samples was rinsed with defonized water
seatone prive o collection of cach sample. Bight water samples were
eolected from the wostewater storage reservolr, the center pivol and
from standing water within the beigated grasstand of the siedy area
during June ond August 1998, Pwo wuler somples wore oodlected from
the conter pived wl the seforence site in July and Angust 1998, Waler
samples wepe catbected psing 11 chemiclly elean polyethiloni joes
with Teflon-bined Hds. The pH of the water samples collected for



