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Introduction 

Pursuant to a Coopsrafive AgreeoBSQt (V-990519-01-0) between the U.S. Enviromnental 
Protection Agency' (EPA) and the Orc^n Xtepartmem of EnvironsientM Qaality ODEQ), the 
DEQ oonincted a Preliminaiy Assessment (PA) of the site known as the Black Buse Mins 
located near Cottage Grove, Lane County, Oregon. 

PAs are intended geneEally to idectttfy poteiiiial hazanis at a site, idem^ siies fiat isqaire 
iiQDiied!at& action, and to estahlish priorities for sites requlrlag is-di^;tb investigaMans. Ths 
PA is based on readily available informalion aboitt die site and is not a fiill investigation or 
characterization of the site. 

Tbe Black Butte Mine FA was conducted to idesilify potential publte heaMi and environmental 
thrifts rebted K> the site. The PA is based on das derived from tine aaurces listed in die hack 
of this repori. The scope of the iavestigaiion includes review of available file infommtion, 
iflterwews, a taf^t siffvey, and an on-siie reconnaissance inspection. 
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Sits Name: 

Site CERCLIS Number: 

BEQECSI Number-

Site Address: 

Site Coordinates: 

Date; 

Black Butte Mine 

OROtKK3515759 

1657 

T23S. E3W, Sec. 8, and T23S, R3W, Sac. 16 

Approx, 10 Miles south of Cotteffl; Grove, Oregon 97424 

43° 34 • 42" N, 123'' 03' 5S" W 

April 1, 1^6 

Site J^egcriptJoB: . -

The site is located in southem Lane County* in the Coast Fork Willamette River basitti 
approximately 10 miles soiMh of CoHage Grove, Oregon off London Road. Land use in the 
vicinity is prbnarily rural residaaia! and recreational- The site is located on the nottbeast flank: 
of Black Batte. The mine itself is in the NW 1/4 of Section 16, T.23 S., R.3 W. The abandoned 
kiln and tailings pile are located in the SE 174 of Section 8. TJ23 S.. R.3 W. (see Figure 1). 
Several buildings rema,in on site, including TWO dilapidated. unoccupiaJ houses, and several sheds 
associated with niine adits. The tailings pile, iocatal along tbe soutii hsxik of Dennis Ctesk, 
comains an Ktimated 300,000 cufab yards of material. Topographic maps and aerial photos also 
show several: unimproved roads on the site. 

The mine was first operated m dje late 1890s. Ore was extracted and crushed Ln prepaaation for 
processbig. The crushed ore was heated in the kiln to drive off mercury vapor. The mercuiy 
vapor was then condensed and liquid mercury botded for shipment. The mine operated 
iDtermittently tiirough the late 19608, witii peak production occurring during the period 1927-
1943. The mme wn& the second largest mercury prodiicer in Oregon. Much of &e mine area 
was logged iti the eariy 1990s, and some features of the mint were obscured by logging debris. 

Tbe site is currently o^Tied by the Land and Timber Company. Hie site contact is Ro^r 
Viliainievc, in Coos Bay, Oregon, phone number (S4i) 269-0222. According to 6ie registered 
agent for the Land and Thnbsr Compaaiy, Robert J. Cusas. there is aao&er gxoiiip associated with 
the Land and Timber Company, represented by Sandy Simmons. There is no additional 
information avsttiable regarding Ms. Siifflaons. , 
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Black Bu t t e Miufi and V i c i n i t y . From USGS 
Quadrsngie Map ( 7 . 5 " ) tslcU^ect )Haniess 
Mountain, OreEOn. 
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The Black Bone Mine and surrounding vicinilj' is uadecteLn by a sequence of hydrothennally 
altered msrcaiy-beariag andesitic lavas, silicic ash tuff, acd volcanic bneccias belonging to the 
late Eocene-early Oligocene Fisher Formation (Tertiary), Locally these deposits have been 
iniected by sSls, plugs, and feeder dikes of Pliocene, Miocene, and possibly Oligocene age 
basalt and andesite. The bedioidc is faultai and fractured. The Black Butte fault is exposed on 
fee summit of Black Butte and in the underground mine workings aaid treads approximately 
N69W SEod dips 65 northeasL The mercarj' ore deposit (cinnabar) appears to have formed 
along diis feult, tliouight to be the primary couduitfor ascending hydrotiisnnal solutions. 

The site is characterized by primarily sbaliow soils on steep slopes cm the hillsides; thicker 
accumulations of recent alluvium occur along the streams. 

Hydfogeplogy 

The aquifers in die vicinJQ' of the mine are the Rsh^ Fonnation (bedrock a(piifer) and die 
alluvial aquifer alo% Dennis Cteek, Garoutte Creek, and the Coast Fork Willaiaette River. 
Depth to groundwater and hydraulic conductivity of these aquifers at the mine site is unknown. 
Well logs in the vicinity of the mine indicate that the siiallowest depth to water bearing strata 
m bedrock is at 29 feet below grouad surfece (bg&). Local groundwater gradients are 
unkntwn but are likely toward the streams with a componeni toward Cottage Grove Reservoir. 
The nearest spring is London Spring located approximately 4 miles north of tiie site, fe 
source, use, and quaiity are unknown. 

InTQltgattni Sfltory 

The Black Butte Mine site was identified as a potKmal source of mercury contamination in 
Coaage Grove Reservoir by the Mercury Working Group of DEQ's Water QuMitj- Division 
during an evaluation of Oregon's Jakes. In 1S>94 the site was referred to DEQ's Site Assessment 
Ssrtion (SAS) staff for review. The SAS review resulted in a recommendation for furflier 
investigation at tte site at a medium priority. DEQ Ls performii^ this federal PrcltiiiktaFy 
Assessment at the site under a cooperative agreement with EPA Region 10. 

gackgroand 

There has apparently beeii no other formal eovironment^ invesdgation of the site to date. 
However, several org3ni2atioQs have undertaken sampling efforts in the vicmity of die sttt. 
These sarapling efforts inckided limited sediment and tissue sampling done by die Oregon State 
Universitj' (OSU) D^arttftsat of Fisheries and wildlife in 1990, tissue analysis on an eagle's egg 
by the U.S. Fish and Wildiifc Service in 1992, limited sediment and tissue analyses by U.S. 
Geological Survey (USGS) in 1993, and somewhat miore extcjsive sediment sampUng by the 
OSU Department of Fisheries and Wildlife ia 1992 and 1994. 
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The inidal CSU study compaisd saeo^es from dirce Oregras reservoirs. Samples ficom Cottage 
Grove Reservoir included tisaie atopies finom five targemouth bass and several saiiment 
samples. The tissue from the oldei^ two fish (four and five years, respectively) showed mercury 
levds of 1 . ^ and 1.79 pstts per miUion <|pii) m musde tissue:. The U.S. Food and Drug 
AdmnHstration Hndt for meaxaary iit cmnmercially eaa^t fish is one ppm. Sediment 
concentrations averaged 0.84 ftg/g,̂  dry wdght. 

in 1992 an addled egg ws& collected from a bald ogle's nest adjarettt to the reservoir by tiw U.S. 
Fish and Wldife ServiiK. Tiss egg was analyzed for trace el^nssits and metcaiy was discovered 
at 2.9 Mĝ g dry' wL and 0.76 /tg/g wet or ftesh vred^. Aocording to the Fish and WidHfe 
Service feet sheet Resi^is of CoUttge Grav& Bald Eagle Egg Anaiysis^ these leveds are 
dgnificandy highs- than nitionaily reportisd n»ercary levtels for bald eagle eggs. 

The USGS sediment data was generated as patt of periodic state-wide sampling. Analysis of 
three samples in the vidnity of Bacit Butte. Mine imllcated 2.5 ppm mercury in sediment in 
Deimis Credk below the Mine, and .87 Kpm m Sculphi (a snrall fish species) tlss,ue sa the same 
location. A sediment sample taken ftom. tbe Coasl Fc»rk at London, Oregon, downstream from 
the rmoe and i^streara €rom CotBige Grove Reservoir, had a merctiry cxutcefilration of 1.4 ppm, 
and Scolpin tissue i^topbd there had a maximum conceittration of Q.52 ppm. A sedhnrat sample 
taken from Cottage Ciovs Reservoir had a cotttentration of 0.50 ppm, 

OSU camapleted additional saaE l̂ing k 11992. This woik was, documeHtsii k a retort titled 
Mercury Dynaimcs and MohylmeraiTy Aasmatkaion by Fish in Three Oregon Reservom (Curtis 
and Afien-Gil, Mardt 10,1994) and detaSed apparent elevated levels of meajytaetcury m flsh 
tisue in Cottage Oroi^ Reservoir. This repon noted diat the tissi;:̂  cancenirstioas approached or 
eĝ ceeded die United States Food aad Drug Adnunistration VsssM. for human consumption for 
conmisrt^Uy cmtght f i^ . 

In 1^4, r%seaid)sxsi with Oregon State University obtained soil samples toisa near the mii^ and 
sediment sac^les 6tsn Coaage Grove Reservoir and its tributaries. Tbe sanjpling data iiam the 
recent OSU research appears to support the coi^tusion that elevated mercuiy tevels m sediments 
can be traced to the Dennis Cneek drainage, and may result fmst olf'Site transport of soils and 
mins tailings firom die Black Buae Mioe. 

The soil levels detected at the imne and k the vicinisy of the kaha tatted from approximately 100 
ppm to 350 ppm. The lesidentiat soS maxifflunj te mercery m fiie DEQ Soil Cleai^ tables is 
80 Plan, and the Industrial cleanup leiVel is 60& ppm. The EPA Region IH Risk-Based 
Coiffiemration (RBC) Tables show aa industrial soli ingestioii KBC of 610 mg/kg and a residentia! 
soil ingestion RBC of 23 mg/kg. "Die soil screening level for transfers fipcsa soil to grorodwatcr 
is 3 mg/kg- No infoimation o& leachate consentrations ax the sle is available. 

The analysis results are &nmd below m tables I & 2, and corresponding sampling locations are 
aSached as figures 2 & 3. 
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Sample Site 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Number of Sarnples 

1 

2 

2 

2 

2 

2 

3 

3 

3 

Mercury Concentralion in Soil or 
Sedunent, jttg/g dry wt. 

190 

271 ± 7 

267 ±29 

223 ± 119 

22 ± 21 

19 ± 1 

3 ± 1 

0.3 ± 0.2 

1.3 ± 0.6 

Tabic 1: Mercuiy Content k Soil and Sedimeot Samples k the Vicinity of Black 
Butte Mine. Modified froitt Jeong-Gue, Park, OSU Department of Fisheries smi 
Wildlife, unpublished data, 1994. Also see Figure 2. 

Sample Site 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mercury' Concentration k Sediment, ^g/g dry wt. 

0.83 ± 0.12 

< 0.01 

0.08 ±0.01 

1.75 ± O.IO 

< 0.01 

0.35 ± 0.05 

0.18 ± 0.03 

0 . ^ ± 0.07 

1.03 ± 0.02 

1.11 ± 0.01 

Table 2: Mercury Concentrations k Sediment Samples from Cottage Grove 
ResH^oir. Modified from Jeong-Gne, Park, OSU Department of Fisheries and 
WUdlife, unpublished data, 1994. Also see Figure 3, 
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-Soil and Sedia«nc Sampling S i t e Loca t ioas 
Xcai Dljick Sucre Hine . From Jeoas -Cue , 
? a r k . OSU OcpBroncnt oJ Fis l ier leB arti 
V l M l I f e , onpnblishEd d a t a , 19W. 

Cottage Grove Reservoir 

X 

MirUES 
t 

Black Butte 
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riisure J 

Seditienc Sarapliag Stt<s xn ani Acound 
Cocc/s^e Grova Rctervoit, Frnc Jeattg-Sud 
Park. OSU OepErcnent oJ Fisheries and 
Hlldl i f t . iiapuhlished data. 199i. 

2*A 

• Sediment Sainple 

A Water Sample 

• Sediment Sample for Owdation 

Fish Species Collected in FSescrvoir. 

^X^I> Bass ^ O Bluegill 

^ : C 2 ! ^ Catfish ^Cl ) Otappie: 
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In March 19,1996, DEQ staff visitiBd the site k conjunction wtfh this PA. Ptrblic ŝceSS to the 
site is limitKi \fy a gate on the proper^ entrance srad. Permission to eotcr the property was 
obtained ftom ke properqr owner prior to ke DEQ visit The purpo^ of dtas site vtsit was to 
evaluate anient site coklitions, ooufixm ^tecdotal information about &e tailings pile and the road 
system at the she and to identil^ oithsr potential envircHimsEital issues associated wM the site. 

Several of the roads that csurrentfy traverse the site appear to have been stirfec«l wik d s reddish 
tmae taBings (see Photos i&2. Appendix A). As noted previously, much of the site was logged 
recently, and load buildkg for the logging efforts appar^tly maAs extensive use of ke-taSkgs. 
A feUkg portion of one of die nmk roads at the she (see Photo 3) also shows clearly feense of 
the distinct reddish mine taUkgs that appear to have been used over the years for roads at the 
site. -

The talikgs pile is quite eisxensive. The top (^ the pile ^fairiy level, ani has been used 1^ 
woodcutters at the site (see Photo 4). Thne is also evidence of excavation of the pile ovs' time, 
appassndy to provide die road sur&dng rock as described above. Part of the toe of die t trk:^ 
pile slop^ directiy imo Deikis C r e ^ at a very steep angle, and aĵ >aars to be eroding dir«:tly 
into Ste creek (ses Hiok S>. Tfe tailings pile stands i^proxim^sly SO feet above the creek and 
appears to front Qte cr^k ibr approximateiy 600 feet (see I%otos 6&7). A gravel bed m the 
<3«ek shows sigis of ke red-colored ore (see Photo &) at a locatton downstream from the tailings 
pile. 

"Hie ndne adits observed at tite site are kll of water, and at one location the water Is flowii^ out 
of the adit toward a load (see Photo 9). As noted above, scmae parts of the roa^ at the site aR 
subject to mass wasting, which may cai^e additional ssiunent loading to sur&ce water fsstutes. 

Basst cm fee indications of elevated mercury levels k fidi at the reservoir, the Lane County 
Heaik Departmoii, m cooperation wifit dte Oregon Health Diviston, has posts! health advisories 
r^ommendlng kat fish ctmsumption be Iknlted for fish caught k the reservoir (see Photo 10). 
The warning recommends no fish consumpliosi for pregnant womeii and children mider six years 
aM S ounces per week for healthy adults. Based on weekday lecieatiana] use of tte reservoir, 
this warkng may rait be heeded (see Photosll & 12). 

Pathway Infinrntattoni 

fSoilJ^rirway 

The soil pathway has been impacted, zati elevated leveis of msrcary are found m aails around fiie 
mke and associated structures. While the site is £drly remote, and is accessible only via a steep 
gravel road, diere are kdisations that the site is used for woodcutting, which could result k 
dermal exposure to mercury^peariag tailkgs. See Appendix B for Pathway summaiy sh^ts. 
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Surface. Water Patfawâ ^ 

TTie sariacc water pakway has also been ioipacted. It appears that surface transport of soU and 
sediment has resulted k widespread contaminant distribtition downstream of the mine sitis m 
Dennis Creek, i ts Coast Fork WElaittette River, and k Cottage Grove Reservoir. The 
contaminatioB k reflated k downstream sediment inerciiry coBEcatrations iMt appear tb be 
higher than mercury coDcentrations k ttpstream sediment samples. Cottage Grove USGS and 
OSU reseaichecs have also discovered elevated mercury levels k fish tissue k some of tiie water 
bodies noted above. It is believed that inorganit mercury airailable k sedments is biologically 
trimsfbrrnsd to methyttnercury, a form that is available to benthic organisms, plants and oker 
aquatic organisms. As mercury tends to bio-accumulate, this results k increasing concenc-ations 
k fish tissues over tune. US AJrmy Corps of Engineers data iiKiicates fliat k 1993, 350,000 
visitors used fee Feservoir aM kat 24% of tiiese visitors fished tht laJs. k aiSition, recreational 
asc of downstream water bodies may result k dennal exposure to sedkients. One surkce water 
intake is present witiik a 5 mile radks of ke site, llie London Water Co-op atilizes a reach of 
Beaver Creek before its' confluence wik the Coast Fork Wiilam&tte River. Ther^ore, tfere is 
veiy low risk of mercury contamination from the Black Butte Mine afiectkg kis water supply. 
There are no other drkking Water intakes withk 15 miles dow-nstream of ke site. As noted 
previously. Cottage Grove Reservoir is used as a assting area for the bald eagle, a federally 
designated threatened species. See Appendix B. 

nmundwater Pathway 

It is not clear whether the groundwater pakway has hssa kepactai:. Two aipifers have been 
identified in ke site vicinity; a shallow alluvial aquifer along ke creeks and rivers and a deeper, 
iaedrock ai|uifer. There are no public groundwater supply wells withk a 5 mile radius of the site. 
There ate 13 households present within a 1 mile radius of fee site, wtocb use groundwater for 

domestic water sttpply. Well logs for the vicinity of the site show kat the first water bearing 
strata encountered is m. dqiths rangkg fmrn 29 to 93 feet below ground surfece (bgs), k ke 
bedrock (see Appendix C). There is no information to iadisate that mks activities have impacted 
groundwater at tise ste, and it seems uniaiely kat poteatial itdne-teiated tncrcusry contaimnation 
of grotUKlwater cokd be differentiaied from grotmdwater that conas kto contact wik naturally 
occiitris^ rnercury ta area soils. Sec Appendix B. 

Air Pakway 

The air pakway may have historically been impacted while the mercur)' kiln was operatkg, bul 
there does not appear to a major current impact w k s air patiiway. Wind-bom dust transport 
from tailkgs piles or exposed soils msy have a potential impaa to aarby streams, and could 
potentially impact dowo-wind residences, however, tite prevail kg winds m diis area are from the 
west to soukw^t, and would end te blow away from ke nearest rKsidencas, The air pakway 
will nttt be evaluated fiirther. 
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Reeoartmettdation/Aetiott: 

As noted previou^y, mercury tends to bk-accauiBdate. Alko^h there is knited data a '̂ailabls, 
and Ms data is of lu^ertak quaky, it appears that rsercuiy ioadkg k sti^ams m i k Cottage 
Grove Reservoir is exacerbated b}' historic and cunent surface wat^ transport of ^diments from 
fhe Black Butte Mwat area and k s Black Bu&e Mine tailings pile. |%h tissue: Sionples 
downstream of the mke have been kund to contak devated tevels of m^ylmercury. 

Based on ke ^monstrated impact to fish k Cottle Grove R^srvoir, and Gss associated potential 
threat to kmiaa h^Ik, it is recommended kat a ^ite Insp^tion be carried out to mors fiiUy 
evaluate tbs kxeat associated widi the mine and tailkgs pEe. Concem sdsts aboi^ potential 
iiiq}a:cts to SOU, isurkce w:^r and groundwater pakway^, k e r ^ r e samplkg of domestic wells in 
the vicinity of de site and sedimeni and fish tissue samples from downstream surface water 
bodies appears warranted. 

Rftferenseftr 

An Ecoregion Approach to Mercury Dymmia in Three Oregsn Reservoirs, Susan M. ABen and 
Lawrence R, Curtis, Oak Cteck Ldwtatory of Biology, Dspartmeat of Fisheries and Wildlife, 
Oregon StMe Univetsi^, June 10.1991, 

Mercury Dynamics aJidMethylmermry Acaamlation by Fish in Three Oregtm Reserwmr, 
Lawrence R. Curtis and Susan AOen-Gil, Dqiartment of Fisiteries and WUdlife; Oregon State 
Umversity, March 10,1994. 

Unpublislted data coUected by ke Oregrai State Universiiy E^artment of Fisheries and Wldlife, 
Jeong-Gue, Park. 

QiddsUver Deposits in Oregon, H. Brooks, Oregon Department of Geology and Mineral 
Industries, Mi^Baneous Paper # 15, 1971. 

SoS Siav^ of Lane Coumy Arm, Oregon, USDA SaU Conservation Service. 

Eesults of Coaage Grove BaM E&gk Egg Analysis, U.S, Fisli & Wildlife Service, Portland Field 
Ofiire. 

USGS data on rTEscary, multiple station aaalysis, 1992 and 1^3. 
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. • , , , 

, . Phot)0 Lagi EOadi Butte Mine Site 

Date: 3/19/96 (Note: Due to ke Leap Year, photo date feature printed 3/20/^ 

LtKation: Black Butte ftfise.Lans County 

Weaker: Parfly clcKidy, eool 

Ffeotographar Keik Andersen 

€^nera: Psntax IQ Zoom WI190 Lme Zotmi 35-90 Film: Kodak ASA^W 

^ ^ DJreetioaJFacing DegCtipttOUt 
1 N Road suifeced with tailkgs 
2 NE Erosion of road surface 
3 SE Mass wastkgeEposkg layers of tailkgs 
4 SE Adit wlk water diaining awards road 
5 W Estca îsted area of tailkgs pile 
6 N Steep slope of tailings pile above creek 
7 E Siife view crffoe of taHkgs pile 
8 S Front view of tailkgs pile 
9 E Sediment bar k Demns Creek 
10 S Bealk wankig at Cottage (jrove Lake 
11 SE Recreatioiiaiangiers atCG, Lake 
12 E Etecreational ase at C.G. Lake 
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Groundwater Pathway 

No. Aquifer Name 

1 jykvial 

2 Fisher Fonnation 

nnmainmant 

No. S.OMCS.XQ 
1 TakngsPile 
1 Roadit 

Type Overiaykg Iraerconnected 
No. wik 

Unconfmed NA NA 

Confkcd NA . NA 

CfljEaJTimemr Valiie 
10 (from Table 3.2) 
10 (from Table 3.2) 

Nei Pi?egipit8tbii 

Net Pi»c%jiiation: SO inches/year 

Depth lo Aqaifer 

A. Dspk to Hazardous Substances 
B. Dcpk to Aquifer from Surface -
C. Depk to Aqajfer (A - B) . 

Ofcetbp 
>29 feci bgs 
> 29 feet 

Travgl.Time 

AD layers Karst? 
Thickness of layer{s) wik Lowest condtativity? 
Hydraulic Conductivity? 

No 
29 feet 

Unk*, use 10'̂  to IO"* cm/sec 

* - e^mated ranges for fracurred igoaous or metamorphic bedrock 

n n "i '̂ 9 
u J. u .̂  -> 



HRS Groimdwater Form 
Page 2 

BaiBlariffltlgJMl 

No. of Wells 

1 
3 

! 3 
21 

1 24 
36 
31 

WelllDg 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

Sample Type 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

Distance 
(miles) 

0-1/4 
1/4-1/2 
1/2-1 
1-2 
2-3 
3-4 
4-5 

Level 
NA 
NA 
NA 

.NA 
NA 
NA 
NA 

PqpukUon 

1 
3 
12 
46 
46 
82 

' - 71 

Foteiitil Contstninatinn l?y Pislangg CatBgory 

1 Distance Gregory (miles) 
1 0-1/4 
i , 1/4-1/2 
1 1/2-1 

r "̂̂  
2-3 • 

3 ^ • 

. Ptpilation 
1 
4 
16 
62 
lOB 
190 

R^owtes: NA 

Wellhead Prraafaion Area! NA 
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SURFACE WATER PATHWAY 

No. 
Segmem 
ID/Name 

17090002-011 
Cottage Grove 
Reservoir 

17090002-OT3 

WlllametteR., 
Coast Fork 

17090002<J14 

Garroute Creek 

Segment 
Type 

/rtificral 
Lake 

large stream 

minimal 
stream 

Water 
Type 

NA 

NA 

NA 

Start Point End Point Average Fbwv 
(rrri) fmi) (cfs) 

hlA 

29 

MA 

37 

2.8 

NA 

200 

MA, 

POTENTIAL TO RELEASE 

Potential to Release hy Overiand Flow 

,gS!OEainiTngti,t 

No. Source ID Containment Value 

1 

2 

Tailings Pile 

on-site roads 

10 

10 

Distsnfte tf. Surface Water 

Distance to Surface Water 0 feet 

BumSL 

A Drainage Area 

B. 2-ye8r, 24-hour Rainfall 

C, Soli Group 

< 50 acres 

3.2 inches 

B 

0 002? 



Potential to Release by Rood 

No. Flood Contarntnent Value Flood Frequency Value 

1 

2 

10 

to 
25 
7 

Psotential Contaminadon 

Intake ID Average Anntial Flow (cfs) Population Served 

NA 
Nearest Intake 

NA NA 

Location of Nearest Drinking Water Intate: Nearest surface water intake is 4 ^ nsiles distant, on a 
trflMitary of the Coast Fork WBIamette, and is not impacted by the site contamination. There are no other 
known surface water intakes within 15 mites down stream of the site. 

Bssourcgs 

Resources Use: Cottage Grove Reservoir and the Coast Fork Willamette River are used for recreational 
fishins 

Potential Contamination^ 

Rshsry 
Annual Production 

(poundsl 
Type of Surface 

Water Body. 
Average Annual Ftow 

(cfs) 

NA NA NA NA 

Sensitive Environrnflnts 

Type of Surface Water Body SensifK'e Environment Sensitive Environment Value 

Laiie Stream (17090002-0131 Endangered species habitat 75 
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Wetlands 

Type ot Surface Water Body Wetlands Frontage 

NA NA 

00023 
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SOIL EXPOSURE P A T H W A Y 

Wodcers: NA 

Resources: 

Terrestial Sensitive Erwironment Value 

NA Table 5«S 

UljftBhfinril nt Expostire 

No. Source 10 Leve! of Contamination 
Attractiveness/ 
Accessibility 

Area of Contamination 
(sq. feet) 

Tailings Pile 

tailings en 
road surfaces 

BO mg/kg mercury 10 

50 mg/ks mercury ' '0 

162 ,000 
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RESULTS OF COTTAGE GROVE SALD EAGLE EGG ANALYmS 

BACKGROUND 

CoEtage Grove Reservoir, located in Lane County, Oregon, exists iii a geological region 
characterized by volcanic formations containing^ naturally occurring mercury. As a 
result, extensive mercury mining once occurred in this area. Tbe second largest 
mercury mine in Oregon, Black Butte Mine, Ues approximateiy 2 miles south of C o t t a ^ 
Crove Reservoir in ii:s headwaters and was active intermittently frora 1882 to 1965 
{Brooks 1971, as Cited in Atlen and Curtis 1991). 

Aquatic organisms can biaaccuihulBte merctirj- to dangerous leveis in bodies of water In 
areas containing high leveis. Bacteria living in sediment can convert mercury itito' an -.. 
organic form known as methylmercury. Methylmercury is absorbed directly by aquatic 
organisms and is also taken in through the food they eat. Mercuiy burdens have been 
detected in water, sediments, and fish in Cottage Grove Reservoir and are most likely 
derived from natural mercury deposits exacerbated by past mining within the iaasin 
(AUen and Curtis 199U. 1 

A subscamiaJ proportion of fish collected From Cottage Grov& Reser^'oir show mercrary * 
concentrations which exceed the U.S. Food and Driig Administrarion maximum limit for , j 
tnercMry in commercially sold fish (I ppra) [.Allen and Curtis 19911, Consequentiy, a i 
public iieaith advisory has been issued for a number of years for consmrqjtion of fish 
taken from tise Cottage Grove Reservoir. Concems have developed regarding mercurj- , 
accumulation in piscivorous birds foraging In Cottage Grove Reservoir and the potentiai | 
for adverse impacts. j 

.A bald eagle (HBliBesttis leacocephshis) nest, located on the Cottage Grove Reservoir, 
has been occupied since 1986. Breeding attempts were unsuccessful in ISSEt, but • 
successful at produekg 2 yoang in both 1989 and 1,990. In 1991, the original nest was 1 
blowdown and a new nest was, bttilt, sucoessfuiUy producing I young. The nest failed in j 
1992 and an addled egg was oollected in May for chemical analysis of trace etemeiats. 

METHODS 

Specialized cree-ctimbing equipment was utilized CD enter tite eagle nest and collect the 
addled baid eagie egg. The egg was cooled on ice during transport to the.Portland Field 
Office where it was refrigerated s t 4°C until processing. Elgg length, width, wboie 
weight, and volume were measured. The egg was scored at che equator witii a scalpel 
and contents were released into a chemicaHy-cleaned giass jar. Embryonic development 
was noted. Egg contents were frozen at -I3°C until shipping co che Patuxent Analytical 
Control Facilicy ( P A C F ) for trace element analysis^ 

Analytical methods included sample homogenlratlon followed by digestion fctr 
Inductively Coupled Plasma Emission (ICP) and Graphite Furnace Atomic Absorption 
Measuremencs (GF.AA). ICP measurements were quantified using a Leeman Labs Plasms 
Spec I sequential or ES2000 simultaneous spectrometer and GFAA measurements were 
quantified using a Perldn-ElmBr Zeeman 3630 or 41002L atomic absorption 
speccrometer. CVAA was used to quantify levels of mercury using SMC 14 as tbe 
reducing agent employing a Leenian PS200 Hg Analj^zer. 
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Quality control and quality asssrance of analytical data was reviewed by PACP. 
Acceptable performance {recovery variation averaged <20% for all chemicals detected) 
on spikes, blanks, and duplicate was documented la the lal>oratory quality control 
report. 

RESULTS 

Results of the chemical analysis are presented k Table I. M&ay of the trai:^ elenaenis 
including arseniCt barioro, berylUum, cadmium, {krorniuna,, molybdeninn, nidcel* lead, 
and vanadium were i>elow detection levels. Concentrations of selenium, and zinc 
detected in the egg sample did not surpass levels associated with adv^-se impacts 
{Heinz e t al. 1989, Gasaway IS72, respectively). Other elements d e l e t e d in the egg 
{aluminum, iron, magnealuin, manganese, strontium) are aot typically associated with 
impacts to fish-eating birds and information fe lacking regarding residue levels related 
to adverse impacts. 

The concentration of boron detected in the eagle egg does not indicate a level of ; 
aincern. Although tbe r ^ d u e detected k k e Cotts^ge Grove egg exceeds the medkn • 
lethal dose (LDj^ for borax injected^ into domestic chicken eggs, it does not exceed the ? 
LD50 for boric acid injected in chicken eggs (Eisler 1990). Further, k e boroa \ 
concen Era tion in the Cottage Grove bald eagie egg did not exce«3; the level Smith and ^ 
Anders (1989) associated with deieteriotis affects in njalliard ducWings. ^ 

Mercury concentrations in the faald eagle egg were 2 3 {tg/g, dry weight CC.76 pg/g, wet 5 
weight). The significance of mercury resithies In bald ^Egles is not fully understood, and ' 
it is npt ciBrentiy posskle to predict a mercury level associated with wttCTCcessful 
reproduction (BislsT 1987). For example, baid eagle ej^s collected aatfnnwlde contained 
mean mercury concencratioos of 0.15 }4g/g {fresh w e i ^ ) from successful nests in 
contrast to 0,11 ftg/g in eggs from unsuccessful nests (Wlemeyer e t eiftl9B4, as cited in ? 
BisJer 1987). Although the precise significance of the mercisy residue in tJie Cottage ' 
Grove eagie egg cannot be determined, the egg concentration is. up to 7 tisiM greater 
Chan nationwide le^^ls reported above {Wiemcyer e t a l . !984>. Residues were also 
higher than those fotmd k eagle eggs collected from tiie Cotuinbia River in 1991 E0.11 ; 
and 0.25 jig/g wet weight) }U.S, Fish Si Wildlife Service unpublished data] and 1986 
(geometric mean « 0.19 (ig/g wet weight; fi=I$) [Garrett e t a t 1988|. A mercury ' 
threshold level for raptor species is unavailable, therefore, data for other avian species 
were used fcr comparison. The merctiry residue k the Cottage Grove bald eagle egg 
approaches levels associated with reproductive impainaent in s variety of other avian 
species: white-tailed sea eagleS, common loon, and several seed eating species were 
affected at residues of 1,3 to 2,0 jig/g fresh weight (Fimreite 1979 as cited in Eisler 
1987); ring-necked pheasants between 0.9 to 3.1 p.g/g fresh weight fSpann et al. 1372 as 
cited in Eisler 1987); and mallard ducks 0.79 to {3.86 ^g/g fresh weight {Heinz 1979). 

CONCLUSIONS 

The majority of trace element concentrations detected in the bald eagle egg collected 
from Cottage Grove do not appear a t leveb of concern, Koiwever, bald eagie egg 
mercury residues sen-pass averages for the nation and the Columbia River and approach 
leveis associated with reproductive in^painnent in various other avian specie. 
Additional investigation would be needed to determine If Cottage Grove eagles are 
being impacted by elevated mercury ooncentrations. 

00028 



Tabic I. Trace element concentrations in a bald eagle egg^ collected near 
the Cottage Grove Reservoir, Oregon, 1932, 

Trace Element Contaminant Concentratian 
iug/S, dr>'wt.) (Atg/g, wet wt.) 

Ai 

As 

B 

Ba 

Be 

Cd 

Cr 

Gu 

Fe 

Hg 

Mg 

Ma 

Mo 

Ni 

Pb 

Se,-

S r • 

V 

2n 

2? .6 

<.4S7 

2,ni 

<.4S5 

<.Q9'11 

<.0911 

«-455 

4,19 

39.2 

2.9 

433 

.634 

<.433 

<.455 

<.455 

2.04 

7.99 

<.45S 

45,3 

5.96 

<.120 

.530 

<.120 

<.024 

<.024 

<.120 

I.JO 

10.3 

.765 

130 

.167 

<.120 

•1.120 

^.120 

.538 

2.10 

<.120 

11.9 

^Percent moisujre = 73.6 
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ABSTRACT 

MERCURY DYNAMICS AKD METHYLMERCURY ACCUKULATION BY FISH IM THREE OREEON 

RESERVOIRS. L.R. Curt is. Oepartment of Fisheries and Wi ld l i fe , Oregon State 

Universi ty, Corval l is, OR 97331 

Bioaccifflcilation o f (nethyliiErcary IQ' f i s h , sedistent and water organic and 

inorganic mercury ceitcetrtrations and potential inorganic mercury sources were 

assessed ia three Oregon reservoirs (Ochocd» Owyhee, and Cottage trove) which 

occur in d is t inc t ecoregions. Ecoregions <mr^ distinguished by topography, 

geology, so i l type and coraposition, and land ess pattems. We examined pH» 

dissolved oxygen, hardness, and conductivity of tbe water; cwnplexing agent 

levels:, vo la t i l e solids and cinnabar content of sedimsnt to quantitate 

differences in enviromnental conditions between study s i tes. Ifercury 

concentrations in water were below detection (0.2 ppb) in lodst water sainples 

fro© the 3 reservoirs. Ih samples above detection, mercury was probably 

predorainantly in the part iculate f rac t ion , and thus not tn true sc l i i t ion . 

Mercary in sediment occuirred.in the inorganic s tate; methylnercury was below 

detection (0.2 ppb) in S3S of a l l samples. Signif icant differences {p«0.OS) 

in sedijBent nercttry concentrations were found between the reservoirs and 

between saiBpling dates within each reservoir. Despite the low nercary levels 

tn water and sediment, raercury in f i sh over 4 years old tested above the FDA 

l i m i t of 1.0 ppat. More than 90% of the roercary was organic nerDEtry in a l l 

f i s h . Mercury in lateral muscle did not d i f f e r s igni f icant ly between 

sjnalloffluth bass in Owyhee Beservoir aiKl lar^esouth bass in Cottage finove 

-0-0-0.-3-3-



Reservoir. We caficlude tiiat although ecoregion parameter^ alt^e do not 

expla-tn mercury dynamics, they may influence the oiethylation rate in areas of 

similar loading, rates. Futare work should consider aiuTtiple fish species and 

examine within ecoregion variability iu lakes with different histories of 

mercury occurrence in their watersheds. (Supported by USEPA, grant S-

000357/01). 
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IKTROQUtTIQN 

Mercury is a ubiquitous mstal, occurring in different concentratio«s in the 

s&il, rocks, air and water throughout the world. Elevated concentrations of 

mercury in surface water can be derived from many sources, including natural 

processes and anthropogeBic losses. Natural processes include volcanic and 

atiBDspberic deposition, degassing, and surface runoff and. erosion of 

mercuric soils; anthropogenic sources include ififircury mining and processing, 

processing of gold and silver ores, energy related activities, pesticide 

application, chloro-alkali operations, and stM l̂ler emissiotis from other 

indEtstrial processes (Aodren and Mriagu, 1S79). 

HethyTmercury (fW) concentrations in sane Oregon reservoir fish exceed the 

1,0 ppai U.S, FoDd and Drag Administration limit for human coastnuption {DEQ,, 

pers coim.: Worcester, 1975; Lowe et a l . , 1985). The goal of this praject 

was to identify abiotic and biotic factors contributing to acciHBulatton of 

M in fish tissue in three Oregon reservoirs In different ecoreginns. The 

specific objectives were to identify probable soarces of mercury in the 

reservoir systems and pa.ranEters affecting MK dynamics and bioavail^ility, 

and to examine the extent to which ecoregion-level parameters infloence MM 

dynamics in these reservoir systems. An ecoregion is defined as an area in 

which within-rsgioft variation is less than between-region variation (Gallant 

et a l . , I98f). While ecoregions can be distinguished based on alsast any 

physiegeographical feature, a conmon suite of paraaeters is land surface 

fern, potential natural vegetation, land use aid soil characteristics 
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{Oraemik, 1386), LimnologicBl and biological features of aquatic ecosystems 

are largely determined hy these broad-scale parameters, 

Ecoregion phenomena directly and Indirectly influence the dynamics of 

compoutids in the enviroatnent. Mineral cnspositioh of sofls and land use 

practices within a watershed have major impacts on Daercury loading: rates'. 

Indirectly, the physical, chemical, and biDlogical features of an aquatic 

system influence sisrcury dynamics (Kakanssn, 1980; Akielaszek and Balnes, 

1981). Given these observations, an ecoregion approach tô  B^rcury dynaieics 

and bioacctnmilatlion se^nts to be an appropriate model. We have developed 

this n^del wtth the assoeiptions Hiat mercury btirdms in the reservoirs are 

largely derived frera their watersheds and that msrcury Moaccumtilationby 

fish is generally related to the cojicentr^tion of toital bioavailtble NH. 

To investigate the validity of an ecoregion approach, we examined both 

qualitative and quantitative ecoregion parameters as they relate to mercury 

concentrations"In water, sediment and fish. The qualitative parameters are 

those which define etaregions (land surface farm, p&tentlal natttral 

vegetation, land use and sciils). The quantitative par^OKters exaiained were 

pH, conductivity, har^hiess and alkalinity of the water colamn, and the clay 

rad Drgaaic matter content of the sediment. Is addition, characteristics of 

the specific drainage basins were compared; these include basin area, 

relief, annual precipitation and land uses. Limnoldgical features of each 

reservoir were also consrtdered. The interacttons between mercury 

concentrations in sediment and m in fish were also Investigated. • 
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SITE OESCRIPTIOS 

Cottage Erove, Owyhee and Ochoco reservoirs are located in three distinct 

Bcoregions {Fig. 1). Draiiiage basin and liamological characteristics of the 

study reservoirs were compared to other reservoirs wlthis the ecerBgiotis 

{Johnson et a l . , 1985) and were considered representative of reservoirs of 

similar size within the ecoregions; The specific characteristics of each 

drainage basin are* suninarized in Table 3. 

Geology 

The gBology of all three areas is characterired by a corablnatioii of 

sediraentary and-volcanic fomatfons. The area surrounding Cottage Grove 

reservoir is older Cenozoic marine and estaarine sedimentary deposits with 

minor amounts of volcanic elements, the Ocho«i area predominantly contains 

raetasedimentary and aetavolcanic formations; and the O ô̂ ee region is a 

mixture of deposits of sedimentary and volcanic origin (Baldwin, 1576). 

Gefrthsnital activity is high in the Owyhee area, a&derate in the Ochoco area, 

and virtually undetectable in the Cottage £̂ fove basin. Therefore, the 

potenitial contribution of geothermal venting to mercury loading is likely to 

vary accordingly antong the three reservoirs based on the differences in 

geothennsl activity. 
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sB Mercttry Deposit 

riguns 1 - Location of study "fereas and ffl^rctiry deposits within the 
•• different ecoregions. Canipiled from: : Baldwin, 1976. 
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Table 1 -

Drainage basin area (fcrê ) 

Annual Precipltaticm (CSB) 

land use (S total area) 

Forest 

Range 

Surface area (ha) 

Average depth (m) 

Shoal area («) 

ftetention time 

pH 

Conductivity (pmhos/cm)' 

Sulphide {SO^mg/'l) 

Dissolved oxygen (mg/l) 

Trophic status 

- Drainage basin-

Cottage firove 

257 

122-157 

95*5 

1.0 

4S1 

9 

17 

2 no 

7.T 

63 

1.2-

7'.2-

characterist ics 

raesotrophic 

Ochoco 

288 

43-64 

73.8 

21.3 

388 

B.« 

29 

5 mo 

8.4 

157 

3.9 

-

eutrophtc 

Oncbee 

11,160 

25-64 

0.5 

53.2 

5625 

24.6 

4 

1.7 yr 

8.4 

160̂  

11-7 

8.3 

eotrophic 

' ^ v ' , , . . . ; 

• 

CoBiplied from: Johnson, e t a l . , IS85. 
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While mercufy OHJSt frequently occurs as deposits in rock fractures and 

veins, i t may also be found in low concentrations in other geologic 

fonaations. In the a*yhee River area, mercury is cwnmonly found as an 

anomaly, present in 12 of 23 randejn outcrop rock-chip samples where 

concentrations averaged 0.3 ppsn (Gray et al . , 1983). 

Histories! Mining Practices 

Extensive tnercary arining was perforaed in all three areas (Fig. 2). As Is 

true for all nenrary mines in the state, productioft occurred primarily from., 

the late 1800s until ISSO, with peak production coinciding with trar years. 

Since 1950 the Increased Korean mercury production and the-surplus from war 

years have saturated the aercury market and decreased prices such that 

Oregon mines have ceased productian {Brooks, 1971). 

The second largest raercury mine ii> Oregon, Black Butte Mine, is located 2 

miles south cf Cottage Srove Reservoir, within the drainage basin (Brooks, 

1971), Active intermittently from IB82 to 1956, this Bine produced 18,156 

flasks (Brotrfqs, 1971). The ore in this area has been low-grade, 

approximately 0.17S5 by weight {Brooks,. 1971). Although there are no 

merciary miiaes in Oregon in the Owyhee basin. Brooks {1571) reported that one 

of the leading national trercury producing nrtnes in the country ts In the 

Nevada section of the drainage basin. This could not be confirmed.hy naps 

of mercury occurrences in Nevada (sae Lawrence and Wilson, 1962). 
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c o n a c t CROVt HESEBvOiR 8trti»«fi,E DA£.iw O C K O C O fltSEBVOffl DB i t " «CE B*Sf«l 

t , Ct!'f<Kit 

IUt.QM£fEt£ 

OWTMEE RESiRvOte OftAINftet SASIK 

^ Mercuiy (>e««t.in. 

Figure 2 - Hercury oines and deposits in the three stady areas. 
Compiled front: Johnson et al., 1985; Lawrence and Wilson, 
1952; rems and Huber, 1954; and State Water Resources Board, 
1950a, 1950b. 
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Mercury tn the OMyhee basin may be derived frota its use in gold and silver 

extraction. Extensive gold and silver mining took place in the Jordan Creek 

region of Owyhee basin belwsen 1850 and 1920 (Hill, 1973). Hercttty us«J In 

the aitialganiatlon process cen be lost to tbe environment through inefficient 

recovery after distillation. It has been estimated that 75 pounds of 

raercttry were lost dally during mlnliii years in Idah# {Hill, 1973). 

Hercury production In &*oco basin has been ftam several sBall taines, due to 

the discontinaaus faalting In this region (Brosks, 1971). Prior to 1943, 

the four mines in the Oeiioco basin (Byram-Oscatr, Staley, CHawpion, and 

Taylor Ranch) collectively produced 857 flasks {Brooks, 1971). 

METHODS 

Field Saj^Tfnf 

Two or three sites i«re sampled for water and sesJinent at each reservoir, 

depending on the re^servoir size and water level! (Fig. 3). Water and 

sediment sasspTes were c&llected in September 19S9, and Jsme and September, 

1990, and sediment only In Septssber 1992. Mater sauries were collected 0.5 

tt from the surface in 11 polyethylene bottles, pre-w4Shed with VHQ̂. Zartt 

sediment samples were obtained using a I ' d PVC pipe. The uppermost 5 cm ©f 

the core was transferred into a pyrex plats, mixed and placed In 250 ml 

ptflyethylene bottles, pre-washed with HNOj. All samples were frozen 

iiBsediately, and stored frozen until subsequent analysis. The following 

parameters were also nsasured at each si te: water pH (Orion tkidel 250 pH 

meter), conductivity, and dissolved oxygen (Winkler mettodJ. 

10 
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COTTAGE GSOVE 
RESERVOIR 

tsoo 
inn t METERS 

4 SH=THsflB3l 1889 
oJUhE1990 
D SEFta^SR 1990, 

SEPT3»)tBER 1^2 

OCHOCO RESERVOIR 

METERS 

1200 

OWYHEE RESERVOtR 

Figure 3, Locations of sites from vshich sediment samples were collected for mercury 
and other analyses. 

11 

^.0043 



Fish were collected by electroshocking in cooperation with the Oregon 

Oepartment of Environmental Quality in Septenier and October, 1990, or by 

angling in September and Ektober of 19S2. Fish were f i l leted in tlie field, 

and f i l l e t s {with skin) were liKttediately frozen and stored frozen. 

C êlBfca7 Analyses 

Total mercurv In water; Total mercury concentration in water was determined 

using cold vapor atomle absorptlan accordltif to tite procedure In Standard 

Methods for the Examination of Water and Wastewater. A IDO-ml volunie of 

each sanple was transferred to a 250 ml Erlenmeyer flask, to Which S ml 

concentrated fijS)^ and 2-5 ml concentrated W^^ and IS ml of iS KMnO<, were 

added. After fifteen minutes 8 ml of 5% ^S^t^ was added to each sample, and­

the flasks were heated in a 95'C water bath f<o>r Z hours, llie samples were 

cooled to rooas tes^ierature, tr«tsferred to 2S0 »! gas-scnibfaing reaction 

flasks, t reated w1^ 8 ml of Ẑ Ŝ RaCT«hydro>;ylaiiBine sulfate to reduce access 

Kmnp̂ . Infiitediately following the addition of 5 ml IDS SnCI; in dilute Del, 

the flasks were supplied with flow-through nitrogen gas (2 l/min). Hercury 

vapor was passed through a Coleman Model 50 nercary analyzer (Perkin-ElBKr 

Co., Haywood, i t ) , connected to a Hicrescrlbe 4S00 recorder set at 5 mV. 

(The Recorder Cos^atig', San Marcos, TX), Peak ar«a K®S calculated as height 

£ width at half-height, l^knowns were determined using a standard curve, 

based on figClj in HND, (0.25 - 1.0 ^tg/1). More than 7SS of water samples 

ii«re analyzed In duplicate. 

12 
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Total mercurv in sedisnent: Sediment samples were analyzed following the 

methods outlined in Buhler st al . (1984). After initial prejiaration and 

hot-acid digestion, this procedure is very similar to the analysis of water. 

Thoroughly mixed sediment samples (3-5 g> were dried to a constant weight in 

a 50*C oven (approx, 96 h). Samples were crushed using a ceramic siortar and 

pestle, and passed through a 1 mm EiKsh screen. Particles that did not pass 

through the screen were pulverized a second time, and screened. Any 

remaining material; was discarded. Subsamples (0.5 - 1.5 g) were weighed and 

transferred to glass 250 ml BQD bottles, to which 5 ral deionized HjO and 5 ml 

aqua regia (3 vol. cone. KCl; 1 vol. cone HNOj) were added. Samples were 

placed in a 95*C water bath. After two minutes, 50 ml deionized ĤO and 50 . 

ml SS KHnÔ  were added to each sanple. Samples were digested In the water 

bath for 30 rain, and cooled to room temperature. Because of the strong HCl 

fumes released during the heating, the water bath was placed in a hood. 

Fifteen miin before analysis, samples were treated with 50 ral deionized ĤO 

and 8 ml 24» KaCl-bydrostylamine and placed in a hood to allow the evolved 

oxygen gas to escape. Samples were transferred to the 250 etl reaction 

flasks used for water analysis, and analyzed In the same sianner. Gas flow 

was set at 1.5 l/min. Recorder sensitivity was set at 20 mV, 

Sedimsnt mercury concentrations were determined bssa^ on a standard curve of 

HgClj in ŴDj (0.05 - O.fO ftg).' The acairacy of the standard curve and 

recovery efficiency was tested using reference material from the National 

Institute of Standards and Technoloay. Most samples (>7SK) were analyzed in 

duplicate. 

13 
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Wethvlmercurv in sediment: Sedlaant samples were analyzed..for IW by gas 

chromatography using; a modification of the aalti-stage extraction and 

concentration procedure developed by Uthe et al . {1972}. The modified 

tecfthique for sediment is outlined by Furutani and Rudd (1980). 

Two aliqgttots of wet sediment (approximately 1 g) were weighed to tite nearest 

0.001 g. One set of samples was dried to a constant weight In a SO*C oven 

to determine the water content so that msasuresteats could be standardized on 

a dry weight basis. 

The secoad set of samples were transferred to SO ml centrifage vials. Two 

ml of 0.5R CuSÔ  and 10 ml of M HaBr in 225t cone. KjSÔ  were added to the 

saatples. After shaking vigorously for two minutes, sauries were centrifuged 

for 5 min and transferred to 60 «1 glass separatory funnels. Twenty ml of 

toluene were added and sBsples were shaken for three »1n. Foil owing raiiovaT 

of the aqueous phase,, the toluene phase was treated with 1 g anhydrous HsSĤ  

and decanted into a 50 ml ^lenmeyer flask and further dried with 0.5 g 

anhydrous HaSOi. A 10 mf saaiple of the « t rac t was transferred to a clean 

separatory funnel, and 5 ml of Q.QQZS M lî ^SjO, lo 2,t& ethanol was added. 

After shaking and standing, 3 ml of the lower aqueous phase was collected 

into a calibrat«i, glass-stoppered centrifuge tube, to which 1 ml of M KI 

and 1 ml hexane were added. 

Subsaa îles (6 ^1} were injected into a Hewlett-Packard 5700 gas 

chromatograph equipped with a ®Hi electron capture detector. The column was 

packed with 7% Carbowax 20K on Chromosorb W, acid-washed UHCS'treated. 
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Argon/ntethane gas was supplied at SO ml/ra l̂n, and SC attenuation was set at 2 

raV. The operating tsiperatwres for the coliSBn and detector were 17S'C and 

200'C respectively. The Microscribe recorder was set at 1 isV, and 1 on/rain. 

Peak area was calculated by height ttaies width at half-height. Unknowns 

were cont^ared to standards prepared from methyl mercuric chloride in hexane 

(6-20 ng). 

Total and organic mercurv in f ish: Hercury concentratJ«t in fish muscle was 

determined using a hot-base digestion followed by cold vapor atomic 

absorption. Fillet sraiples (1-2 g) were placed in screw-top t e s t tubes, to 

which 2 ml ION NaOH was added. Samples were then heated for 30 nin in a 

heat block (95*C) and cooled to roam temperattrre. One percent MaCl (8 ml) 

was added to each sample. 

Total mercury was determined fay placing I ml subsample in a reaction flask 

along with 3 ml IS KaCl, 1 tit 1% cysteine, 4 drops octanol, and 1 ml SOS 

SnClj and lOS CdClg in 4 N HCl. Inorgaaiic mercury was determined by adding 1 

ml of SOS SnClj in place of the SnClj- CdClj solution. The flask opening was. 

then covered with a septum, through which 4 ml lOK KaOH was injected by 

syringe. After th i r ty seconds, N gas was supplied at 1.5 l/raln. The 

recorder was set at SmV. Standards were prepared as Hg in HNO, (10-100 

fig/nil), prepared froia a coaiaerctally available standard (lOOO ppm, Johnson & 

Mathey, Seabrook, NH). Organic mercury was calculated as the d i f f e r e n t of 

to ta l and inorganic mercury. 
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Additional analyses 

1. All water sanples were analyzed 1n the lab for hardness) folltwing the 

ESTA titrlmetrlc method fn Standard Methods for the Examination of 

Water and Wastewater (1985). 

2. ATI sediment samples were analyzed for percent volatile solids by dt-i&i 

sediments in a $00*C oHjffle futmsce for 4 hours, after Buhler et al. 

(1984). 

3. Sediment pi^slcal characteristics were performed by hydrometer method 

by the OSU Soil Physics Laboratory, 

4. Sediment samples from 9/90 were sent to the U.S. Bureau of Rines 

(Albany, OR) for detennination of cinnabar content. 

RESIILTS 

Hercury in water 

Twelve water samples and 24-32 sediment samples were analyzed from each 

reservoir*. Results of tbe liinnologicali and sediB^nt wtalyses are siaimarized 

in Table 2. fercary was detected In 2 ^ 6£, and 1S& of Cotta^ &rove, 

Ochoco, and Owyhee unfiltered water samples respectively. Differences in 

mean total mercury concentration iw water aiwing reservoirs were not 

statistfcally significant (p«*0.05). 
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Table 2. Water chemistry and sediment parameters 

Parameter 

Water 

pH 

Dissolved o)(ygen(mg/l) 

Conductivity ((lunhos) 

Hardness {m CaCOj/l) 

Hg i m / ^ 

S,s6imt}X 

Soil texture 

Clay content {%) 

Carbon content (S) 

Total Hg (/ig/g) 

Fine grain Hg" (^3/9) 

Cottage Srove 

(0=12) 

7.70* 

8.20* 

56" 

39* 

0.7S ± 0.45 

(n»24) 

'sand-sandy 

loam 

10 ± 7 

7.11 t 0.53* 

0.S4 ± 0.2 

0.28 ± 0.07* 

Ochoco 

(n-12) 

8.53** 

7.8* 

250^ 

101^ 

0.17 ± O.IO 

(n-24) 

"̂ cl ay-clay 

loaai 

34 ± 5 

5.71 ± 0.4** 

1.0 ± 0.2 

0.14 ± 0.02** 

• Owyhee 

(R-12) 

8.44" 

7-24" 

254*̂  

72' 

0.37 ± 0.30 

(R=32) 

'sandy loam -

c l sy loam 

12 + S 

5.ie± 0.42^ 

1.4 ± 0.3 

O.llf COl** 

Soil texture was determined by hydrometer analysis on the >2 irni 

fraction: of 600 g samples. Cottage Grove and Ochoco reservoirs(B«2), 

Owyhee Reservoir{n"3), 

** Fine grain s«d1:a!Bnt was defined as the fraction <1 mot in diameter. 

Values are presented are the mean or mean ± s t^dard error. 

All sediinent values are presented on a dry weight basis. 

Superscripts designate significant differences at p=0.05l 

17 

00049_ 



Mercury in sedi'oent 

The highest fine-grain sedisent mercury level was associated with Cottage 

Grove Reservotr {O.S ± 0.07), which was significantly different from Ochoco 

(0-14± 0,02) and 0««yhee (0.11 ± 0,01) reservoirs values (Fig. 4). This 

finding, however. Is largely attributable to the high mercury levels found 

at both sites to the September 1989 samples. To confina the observation 

that 1989 levels were higher than the ether two dates, particularly for 

Cottage Srove Reservoir, 1989 samples were reanalyzed In a mixed batch with 

samples frfflft later dates; tbe results were consistent with previous 

analyses. Methylraercary was detected in sediti»nt frow all three reservoirs, 

but not Is every sample (4 of 15 samples analyzed). The average percent of 

total Hg was I.5£; tte maxiiuum {4.20S) was from Cottage Srove reservoir. 

Sediment mercury concentrations d̂ id not significantly correlate with organic 

content (S volatile solids, PVS) for aiyf of the resenrolrs. Organic content 

(PVS) exhibited a seasonal pattem, modified by water level fluctuations. 

Higher organic content was observed in the fall samples than In the spring 

samples for Cottage Srove Reservofr. In Ctehoco, this pattern was superseded 

by water level fluctuations. The water level was unchanged between fall 

1989. and spring: 1990, and the sediment organic content was similar far both 

dates. Hovfever, a 34-ft decline In water level between the June 1990 and 

SeptenSxsr 1990 saoqjTing dates resulted in a higher percent organic content 

associated wrtth the low water level {7.4S vs. 5.IS). Organic mttter in 

Oifyhee Reservoir sediment was consistently between 4 . ^ and S.ex. 
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o.od 
Site: A a 

Cettogo Grove 

Figure 4. Concentration of mercury In fine-grain sediment by sampling date 
.or Cottage urDve, Ochoco and Owyhee reservoirs. 
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Hercury values were more influenced by sainpling date than oi^anic content, 

suggesting the iii^ortance of paraaeters other than organic content. 

Sediment mercury levels 1a Owyhee and Ochoco reaerveirs were ctmsistent for 

all four sampling dates. In Cottage Grove Reservoir, the fall 1989 sediment 

samples had statistically higher atercury levels than fall 1990 samples, 

despite no change tn organic content. This Information, cosdilned trith the 

Observation that levels of Hg in balk, unfiltered sedinent was an order of 

magnitude higher than in fine grain sediment, suggests that most Hg Is not 

associated with tbe organic matter in the sediment, but is probably bound to 

suliphur as cinnabar. 

Hercury in fish 

Smalla»ath bass { H i c r o p t e r u s do l en t i en ) from Oniyhee, largearouth bass 

{ ( f i c r v p t e r o s s s l n s i i d e s } from Cottage Srove, and rainbow trout (SaliBo 

S S i r d m r i ) fron Ochoco *«re analyzed for total and organic mercury content 

in lateral fillets. Five year old Oî yhee Reservoir Cottage Srove Reservoir 

bass exceeded the United States FDA limit for human csnsunption (1.0 jig/g 

w&t weight) for cooniBrclally-cauglit fish (Fig. 5), MercuT^ concentrations In 

fish froa Owyhee and Cottage Srove reservoirs were not sigafflcantly 

different from each other, and both were higher than rainbow trout from 

Ochoco Reservoir. Organic mercury cosBprlsed >90S of the total sercury In 

all cases in which both analyses were run on the same fish (m^ll). 

MM concentration in fish muscle increased with age for bass from Owyhee and 

Cottage Grove reservoirs (Fig. S). There was little or no bioaccumulation 

of mertairy between 2 and 3 years, followed by a linear Increasa f w 
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Age (years) 

Figure 5. Hercury concentration: in fish tissae by fish age for the thr^ species 
fram the three reservoirs. Numbers In parentheses represent ntimbsr cf 
fish sampled. 
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larfemouth from Cottage Srove and snallmooth bass frwa Owyhee reservoir. 

All rainbow trout from Ochoco reservoir contained less than 0.5 ppn HM and 

there was no evidence of m accumulation with age (Fig. 5). 

OISimSIOH 

Hercury io water 

Surface water cnncentratTOns of mercury in areas with Btefcury deposits, such 

as the Pacific Northwest, may be conslcter^ly higher than areas without 

natural deposits. In lakes where the only significant source of Hg is 

atmospheric transport, mean surface water Hg concentrations are 0.07 ^ / l 

(Sorensen et a l . 19K>>. SanpUng of the Colai!tt>ia and Willamette rivers in 

1970-71 yielded mertatry concentrations between 1-35 psq/} for filtered iratsrs 

(Jenne 1973), Indicating the presence of mercury sources. Our results 

indicate an elevated frequency (6-26S of unfiltered samples) end magnitude 

(0.12-1.0 pg/T for samples ^«nre the detection limit) of surface water 

contamination above backgrttund Tevels derived from BtBaspheric deposition. 

Thus, atmospheric inputs alone probably do not account for the oKrcary 

concentrations in Cottage. Srove, Ochoco and Owyhee surface waters. The 

large range of concentration values (O.IE - 1.0 pj/l) suggests that the 

highest coaceBtratlaoS of mercury are probably found In the particulate 

fraction. This Is ctinsistent with results in which mercury, in unfiltered 

water was <0.04 jsg/l, while suspended matter In the stream after a storm 

event had a maxlnum value of 0.61 mg/kg Elg (Lacerda et al. 19SI). This does 

not, however, Indicate that bioavailability to reservoir fish is enhanced. 
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since mercury in the particulate fraction may not be as readily absorbed in 

biota as dissolved inorganic mert:ttry or HM (Stokes and Wren 19S7). 

Hercury in sediment 

Hercury was routinely detected in sediment frw« all three reservoirs. Mean 

mercury concentrations for all three lakes were higher than those reported 

for niaiterous other lakes in the Northwest and elsewhere {&s reviewed by 

Phillips et a l , 1987). Differences in sediment mercury concentrations are 

most likely due to variations in loading rates and patterns from the 

drainage basins as atmospheric transport alone do not account for the 

observed mercury levels. Factors that affect loading rates include the 

quantity of availablie mercury as natural deposits or mining waste, and 

sediment transport rates. Sedlnsnt transport rates ar^^ in turn, affected 

by geological, climatological and pliysl̂ ^ograpbtcal forces. In this study the 

(quantity' of available ueroiry In the drainage basin sesns to be nmre 

influential than sediment transport rates. Ongoing research on mercury 

concentrations in streMii: sediments flowing into Cottage Srove Reservoir Is . 
» 

expected to provide additional information on sediment transport of mercury. 

Drainage basin area was not a significant determinant in sediBsnt Bjsrcury 

concentrations. This is evidenced by the fact that despite the comparative 

enormity of the Owyhee drainage basin, it did not have elevated mercury 

loads relative to the other two systems. Based on overall relief of the 

basins, we would expect sediaent transport rates to be highest In the Owyhee 

area because of the steep relief, relatively barren vegetation, and 

erosional force of extenstve snowmelt. The amount and cycle of annual 
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precipitation and flooding events i.'\s» affect sediment transport (Lacerda et 

al. 1950). Precipitation in the Owyhee area is priBarlly snuf (Johnson et 

al, 19Et5). Sparse vegetation and the timing of the snow mslt produce 

cond HI DRS favoring high surface runoff and sediment transport. This, 

however, may be offset by differences in the total amount of precipitation. 

The high rainfall In the Willamette Vfall^ ecorefflon n ^ ej^rt a greater 

influence on relative loading rates- The difference between sediment 

merctiry concentrations in Cottage Grove Reservoir between Fall sanplings in 

1989, 1990 and 1992 may relate to timing of storm events. Local flooding, 

resulting in a st^ge of mercury and ether miaterlals Into reservoirs, may 

enhance bioacciusulation, Phillips et a l . (1937) found that MN 

concentrations In northern pike were significantly higher in a jrear 

following a severe flood compared to previous or succeeding years (Phillips 

et al. 1987), One explanation is higher methylation rates In flooded 

shorelines and nearshore sediments (Ranlal et al . 1^6, Johnston et al. 

1991). . 

Land use patterns may also play a role in determining the behavior of 
ft 

ii»rcury in reservoir systems. Plant biomass has been reported to be 

positively correlated with mercury concentration In areas where mercury is 

predomlinantly of atmospheric origin (Sorensen et a l . 1990). Land use 

patterns also influence the rate of transport to surface inters and movenent 

within reservoirs. Unfortunately, the relative ealianceffl«nt of erosional 

forces from forest clearing, agricultural irrigation, and range practices 

are not known for these areas. However, based on, slope md vegetational 

cover we would expect erosion to be highest in Owyhee Reservoir. 
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Thus, our ohservation that cinnabar in sedimant was highest in Owyhee 

Reservoir is consistent with expectations i>ased on sediment transport rates. 

We also suspect that the available reserves within the three resei'voir 

systems are very different, and that this also Influnices s^iment mercury 

concentrations. 

Mercury burdens in all three reservoirs are most likely derived from natural 

mercury deposits exacerbated by past mercury, gold and silver mining in the 

drainage basins. The relative size and mining effort of the Black Butte 

Mine in the headwaters of Cottage Srove Reservotr may ©tplain the elevated 

sediment mercury concentrations. This mine produced 25 tiroes more mercury 

than all the mines in the Ochoco District combined (Brooks 1971). 

The diffuse distribution of mercury in 0»(yt<ee Reservoir is consistent with a 

distant mercury source- Mercury in the Owyhee basin tesy b€ derived from its 

use in gold and silver extraction. Hercury levels in gold mining tailing 

piles can be as high as 5 mg/kg {Lacerda et al. 1990). Extensive gold and 

silver miuing took place in tbe Jordan Creek region of Owyhee basin between 

18SJ and 1920; it has been estimated that 75 pounds of mercury were lost 

daily during mining years in Idaho (Hill 1973). iJeotbennal releases of 

mercary may also fas a significant and persistent sourte of mercury (Eisler 

1987, Nriagu 1979). This may be important in Owyhee Reservoir given the 

high level of geothermal activity in southeastern Oregon. 
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fSeratry in fisit 

Concentrations of MM in fish muscle were well above background levels, as 

calculated by HSkanson et al. (1990). Hie range of HH In Cottage Srove 

Reservoir largemouth bass (0.22-1.79 fig/g) overlaps the range reported by 

Worcester (1979), suggesting that mercury contamination In Cottage Grove 

Reservoir has neither Increased nor dissipated. Of five species exraitned 

for mercury cancentrations in past efforts, the highest values were observed 

in largemouth bass (Worcester 1979). Other species analyzed were Chinook 

salmon, cutthroat, rainbow trout and brown bullhead. 

Smallmouth bass from a<gfhe& Reservoir from this sampling effort also have HH 

burdens within the range of past invest!gatioms. According to the Oregon 

Departnent of Environmental {Juality, fW concaitrations in smallmouth bass 

saa^led In 1987-89 ranged between 0,66 and 1,68 f^g (based oh edible 

flesh); these levels were higher than those of c a r p and black crapple. 

Largemouth bass and channel catfish had similar Iff concentrations as 

Smallmouth: bass. 

W concentrations in rainbow trout frora Ochoco Reservoir were sipificantly 

lower than fish frora Cottage Grove or Owyhee reservoirs. Since the sediment 

mercury levels were not significantly different from the other two 

reservoirs, this may reflect species differences in uptake or 

bloaccumalatlon. This is consistent with the findings of Worcester (1979) 

within Cottage Srove Reservoir. 
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Several studies have examitted the iniportance of drainage basin size. 

McMurty et al, (1969) observed a positive correlation between MM tn 

smallmouth bass tissue and watershed and lake area. Suns and Hitchin (1990) 

also found a positive correlation between drainage basin area/lake volume 

and fW in yellow perch, suggesting that watershed Inputs are Important. 

However, We^lner et al. (1990b) report that drainage basin area/lake volume 

was not a significant variable t o explain iW in walleyes. Thus, It appears 

that this relationship is valid only where niercury inputs are approximatsly 

equal, as tn the case of atmospherically-derived inputs. 

Factors af^fecting bfozccsmaJatien 

Sedimentation rates and mercury Inputs alone may not explain obsen/ed Tevels 

in fish. Microbial mercury methylation tn sediment and water is considered 

to he an important determinant in the rate of bioaccumulation by fish (for 

example, Hikanson 1980, Liodberg et al. 1987, Stokes and Wren 1987), 

Conditions that ipnuBnce methylation include pH, redox potential, organic 

substrate and tengjerature (Beijer and Jemelov 1979). In addition, we 

suspect that mercury in fine-grain sediment ts more easily methylated by 

microorganisms than mercary bound to solphur as cinnabar. If this is true, 

then Cottage Srove Reservoir has the highest levels of potentially-

bioavailable mercury. 

Sediment organic content was not significantly different in the three 

reservoirs, suggesting that the importance of this variable was overshadowed 

by other factors such as mercury Inputs, fish species or age. Klein (1973) 

suggests that organic material may control mercary distribution. 
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Corresponding to greater microbial density and available energy, high 

organic content stiuailates HM production: (Jackson and Woychuk 1980). 

Several water chejitstry parameters (conductivity, turbidity, total dissolved 

solids, pH, temperature and trophic state (reVlewKf by Lindberg et al. 1987) 

also influence the availability of m In surface waters and uptake by fish. 

Favorable conditions for MM aecumalattoBi are reviewed! to Table 3. 

Furthennore, the relationship between water ci\«nistry parasieters and 

bioaccumulation: by fish may not be the same for all fish species (McHarty et 

al . 1989, Wren et a l . i9t l) . 

The condactivlty in Cottage iSrove Reservoir was significantly lower than 

that of Ochoco er Owyhee, which may exacerbate the mercury problea in this 

reservoir. For 13 Canadian lakes, conductivity explained 54* of the total 

variation in HH concentrations in the crayfish (Allard and Stokes 19^). A 

negative correlation between conductivity and tW in fish muscle has also 

been reported by Wr-en et a l . (1991). 

The effect of pH on accumuTation of HH in fish HSS been extensively studied 

(Jemelov and Asell 1975, Schlinder et al 1980, Beijer and Jemelov 1979, 

Phillips e t a l . 19S7, Stokes and Wren 1987, Welner et al. 1990b, Wren et al . 

1991), although the driving mechanisms are sti l l debated (Richman et al. 

19SB). Most studies tn acidic lakes report an Inverse correlation between 

pH and MM in fish (Sorensen et al. 1990, Welner et al . 1930a, Grieb et al. 

1990, Suns and Hitchin 1990, HSkanson et a l . ISSO). However, this 

relationship is less consistent in alkaline lakes. Rates of MM uptake in 
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Table-3. Conditions favorable to mercury bioacciraiulation 

Hydrolooic 

slow flow 

frequent flooding 

recent impoundment 

Water chemistry 

low conductivity 

high dissolved organics 

pH <6.0 or >8.5 • 

high tesiperature 

Sediment characteristics 

mildly oxidizing environment 

low clay content 

high organic content 

low level of complexing agents 

Life history factors 

large size 

long l i f e spw! 

high trophic position 

29 

00061 



fish were positively correlated with pH in reservoirs of pH between 8 and 9 

in the Upper Kfsseuri River basin (Phillips et al. 1987), Tbe pH of all 

three th*egon reservoirs is between 7.7 and 8.6, and thus fall into a range 

in which the relationship to merciiry/JW dynamics is unclear. The 

significantly lower {sH at Cottage Grove eay enhance ^ availability and 

bioaccumulation. 

All three resffl^oirs are classified as afisotropfcic or eutrophic. The effect 

of limnDlogtcal trophic state has also not yet been clearly established 

(Hikanson 1980, Lindberg et a l . 1987, Richman et al, 1988). Oligotrophic 

lakes are thought to generally have lower methylation and uptake rates 

because of the lower density of methylating bacteria, lower energy 

availability for metabolic activity and osgfgen concentrations above tbe 

optimum for methylation (Piiilllias et al. 1987), Conversely, nsthylation 

rates should be higher under eutrophic conditions; however,. Aklel^zek and 

Haines (1981) argue that methylation rates are higher In oligotrophic 

conditions based oa greater asrcary availability because ther« Is less 

organic matter for mercury coinplexation. 

Food web structure and the position of a given specie in the fooifweb 

influences the bioacccimulatlon of Wi because diet can be a significant 

exposure roete. The percent of accumulated mercury from food varies with 

species. MH is the only metal for which bioaccumulation is widely documented 

(Lindberg et al. 1987). Phillips et al. (1980) shewed that plscivoroes fish 

accumulate MM faster than those eating plankton. All three species examined 

here are at equivalent levels in the trophic structure; their diets consist 
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of varying quantities of insects, crustaceans and fish {Sostt and Crossman 

1973). Tbe lower levels of HK in rainbow trout in Ochoco Reservoir by age 

may reflect a relatively greater contribHtton of insects and crustace^is to 

rainbow trout diet than bass, i s well as differences In raercary/HH dynamics 

between reservoirs. 

COHCLUSIONS 

If affircury inputs were similar to all three reservoirs and water cherotstry 

pararoetHrs were the most Important determinant, then we would expect MM 

biogccumulation in fish to be highest in Cottage Srove Reservoir. The p«, 

condactivlty and hardness of this reservoir are significantly lower than the 

other two reservoirs. All three of these factors have been reported to 

favor MM btoacctnailation In f 1 ^ (Lindberg et al, 1987, McMurty etal. 1989, 

. Allard and Stokes 1,989). As the W concentrations in fish from Cottage 

Orove Reservoir were not significantly higher than Owyhee reservoir based 

on fish age, we believe that aercury daposTts in the drainage basins and 

sediment transport rates are very different among the reservoirs, and that 

these are the dominant Influences on mercury/MH dynamics. 

It is evident that Wl bioaccumulation in fish represents a management 

problem in Cottage Grove and Owyhee reservoirs. Despite the general pattern 

of low niercury concentrations in water and sediment, older fish have IW 

buTTlens tn muscle tissue exceeding the O.S. Food and Drug Administration 

limit for human consumption- This supports the importance of methylation 

and bioaccumulation as critical detenBinants of !W levels In fish. The 

Importance of ecoregion parameters in deterroininrg mercury/fW dynamics In 
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reservoir systems with natural and mined deposits and MH acconailatlon in 

fish is overshadowed by differences in mercury deposits and mining 

activities. We Intend to investigate die sources awl transport cf mercury 

In Cottage Grova Reservoir in a continuation of this study, 
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ABSTRACT 

AH £CDRESION APPROACH TO HERCURY BYHAKICS IN THREE ORESCK RESERVOIRS. S.M. A l l e n 
and L.R. Cartis. Department of Fi&heries and Wildlife, Oregon Stats University, 
Corvallis, OR 97331 

Three Oregon reservoirs (Ochoco, Owyhee, and Cattagie Grove) ware evaluated for 
environmental parameters affecting fflercary dynaaics and bioaccumulatloa in fish 
using an ecoregiOB approach. Ecoregions are distinguished by topography, 
geology, soil type and composition and land iis;s patterns. He examined pH,-
dissolved Qxygien, hardness, conductivity and mercury concentration of the water, 
and- complexing agent levels, volatile solid- content, Inorganic and organic 
mercury in sediments to mercury in several- fish species, merctiry concentrations 
in- water were, below dstection (0.2 ppb) in njost water-.samples from the S 
reservo:trs. In samples above detection, t t Is expected that iBBrcur}* was 
predofflinafltly in the particulate fraction, and thus not in true solution. 
Mercury in sedimsnt occurrsd only tn the inorganic state; methyl-nercury wa,s 
below detection (0.2. ppb) in 83S of all samples. Significant dlffersices 
(p-O.OS) In sediment mercary concentrations were fTjond among the reservoirs and 
among sampling dates withtn each reservoir. Despite the low mercery levels in 
water and sediment, nffircary in fish over 4 years pld tested above the FQA limit 
of 1,0 ppm. More than 59,9% of the mercury was found as organic aercury in all 
fish. Mercury In lateral muscle did not differ slfniftcantly between smallmouth 
bass in Owyhee Reservoir and largeiBOUth bass In Cottage Grove Reservoir, We 
conclude tha t ' al though ecareigion parameters alone do. not explain mercury 
dynaiRiics, they way tnfloence the BKithylatio© rate \n areas of similar loading 
rates. (Supported by UStPA, grant S-OOQ397/QI). 
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L IHTIKJOUCTIOH 

Mercury is a ubiquitous metal, occurring In different concentrations In the 
so i l , rocks, a i r and water throughout the world. Elevated concentrations of 
mercury in surface water can be derived from many sources. Including natural 
processes and anthropogenic losses. I^atural processes include volcanic and 
atmospheric deposition, degassing, and surface runoff and erosion of . 
mercuric so i l s ; anthropogenic soorces include mercary mining and processing, 
energy related a c t i v i t i e s , pesticide application, chloro-alkali operations, 
and sisaller emissions from other industrial processes (Andren aod Nriagu, 
1979). 

Mercury levels in Oregon reservair fish have been found to exceed the 1.0 
• ppra U.S. Food and Drug Administration limit for husHn consBntptlen (DEfJ, pers 

comm.: Worcester, 1579-̂  Lows.et a l . , 13S5). The goal of this proiect was to 
identify abiotic and biot ic factors contributing to accumulation of mercary 
in fish t i ssae In three Oregon reservoirs using an ecoregion approach. The 
specific objectives were to identify probable sources of mercury in the 
reservoir systems and paraiBeters affecting sercury dyoaiaics and 
bioavai labi l i ty , and to examine the extent to whtdi ecoregton-level 
parameters iEifliuence-jnercury dynamics tn these reservoir systems. 

Aa ecoregion is defined ss an area in which wlthinrreglon variation^ Is less 
than between-region variation (Gallant et s l . , 1939). While scaregtoHS cam 
be distinguished based on almost any phystogeographteal feature, a comnson 

•suite of psraasters Is land surface form, potential natural vegetation, land 
use and soil character is t ics (Oinemik, 138S). Litroologtcal and biological 
features of aquatic ecosystems are largely determined by these broad-scale 
paraaeters . 

Ecoregion phejiamena d i rec t ly and indirectly inllHencE the dynantics of 
compounds In the environment. Mineral composition of soils and land use 
practices.within a watershed have tnajor Impacts en mercury loading rates . 
Indirectly, the physical, chemical, and biological features of an a,ouatic 
systfiRt influence mercuiy dynamics (Hakanson, 1380; Akielaszek and Haines, 
l a s i ) . • 

Given these observations, an ecoiregion appro:ach to mercury dynamics snd^ 
. bioaccusailatton seems to be ss appropriate model. We hsvs developed tiiis 
siodel with the assumptions that mercary burdens in the reservoirs are 
largely derived from the i r watersheds and that mercury bioaccumulation by 
fish is generally related to the concentration of total mercury 
(par t iculs r ly methylnercury) that is bioavailable. 

To investigate the val idi ty of an ecoregion approscii, «^ ejcantined both 
qual i ta t ive and quanti tat ive ecoregiicn parameters as they re la te to mercury 
concBfitrations in water, sedlsnent and fish. The quaHtstive parameters are 
those which define ecoregions (land surfs.ce fora, f«stentisl natural 
vegetation, land., use and s o i l s ) . The quantitative parameters examined were 
pn, coodactlvity, hardness and alkal ini ty of t^e water column, and the c1iy_ 
and organic matter coiatent of the sediment. In addition, characteristics of 
the specific drainage basins were caspared; ttiese include basin srea._ 
re l ie f , annual precipi tat ion and land uses. Limnolooical featarss of each 
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reservoir were also considered. The interact ions betwesn sisrcury reserves 
In water, sediment an,d fish were also investigated. 

n . SITE DESCRIPTIOH 

•Cottage Grove, Owyhee and Ochoco ressrvoirs are locatsd in three d is t inc t 
ecoreftons (Fig. 1). The s t t r lbs tes of each ecoregion are presented in 
Table I . Drainage basin and limnologlcal characterist ics of the study 
reservoirs were compered to other reservoirs within the ecoregions as 
reported by Johnson e t a l . , 19SS, and were, considered to be representative 
of reservoirs of sifltilar size within the ecoregions. The specific 
character is t ics of fiach drainage basin sr& sutanartred'in Tabls 2. 

; we'cvr? Ocoosit 

Figure 1 - Location of study areas and mercury deposits writhin t.Hfi 
• different ecoregions. Coaipiled from : Saldwin. 197o. 
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Veget i i t ion 

Cedar/hemlock^owg-
las f i r . m s a t c o f 
Oregon oakwoods and 
cedar/i ieml oe It/Oong • 
U s f i r 

Annual 
p r e c i p i t a t i o n : 

40 i n . 

Crand f i r / n o i i g ) » 
f l r , westem 
pandurosa p i ne . 
m s t c m s p n i c e / f l r . 
Oouglas f i r 

Annual 
p r e c t p t t a t i o n : 

10 . 20 i n . 

Sagel>rU£h Steppe 
(tagelu-uth.Mtieat ' 
g r a s s ) , t a l t l i u s i i / 
gresswood 

Annual 
p r e c i p i t a t i o n : 

6 ' 12 i n . 

Land Use-

fopl iasis on 
croplai td MlUi soac 
in te rspers ion o f 
p t s t a r e , tfoodlasd 
and f o res t ' 

Forest and 
woodland, grazed 

Desert slirul)Tand, 
g ra ied 

Soils 

U r i c N o l l i s o l s , 
V e r t i s o l s , and 
A l f i t o l i o f 
t B l e r f o r va l leys , 

So i l s o f eastern 
i n t e r i o r 
BoontaiRS. 1 
H a l l i sols., 1 
I nc ep t f s o i s 1 

A r i d s o U , a r i d i c 
au tU iso ls 

' 

Adapted (roai; Qsuirnlk, J. l t . and A.L. Callant. ISaS. Ecoregions of (be IPacific Hortiwest. EP/i/600/l-e6/a33 
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Table 2 - Drainage basin characteristics 

Drainage basin arsa (kE^) 
Annual Prscipttatlon (cn) 
Land use (S total area) 
Forest 
Range 

Surface area (ha) 
Average depth (ra) 
Shoal area (*) 
Retention time (months) 
pH 
Conductivity (urahcs/cm) 
Sulphide (HJi mg/l) 
Dissolved oxygen (nig/l) • 

Trophic status 

Cottage Grove 

257 
122-157 

96.5 
1,0 

4fil 
9 
17 
Z 
7.7 
£3 
1.2 
7.2 

Ochoco 

288 
43-64 

73.8 
21.3 
388 
8.4 
29 
3 

8.4 
197 
3.9 
-

Owyhes 

11,150 
25-64 

• O.S 
93.2 
5525 
24.5 
4 
20 
B.4 

160 
11.7 
8.3 

isssotrophic eutrophic eutrophic 

Campiled from: Johnson et a l . , iS85. 

A. GeploBV 

The geology of all three areas is characterised by a combisatlon of 
sedimentary and volcanic fonnatlons. The area surroanding Cottage Grove 
reservoir is older Cenozoic roarine and estuarine sedimentary deposits with 
Hitnor atrounts of volcanic elemEnts; the Ochoca area predaminaEtly contains 
T.etased1raentary and metavolcanic fonBatlons; and the Owyhee regiort is s 
;;txturs of deposits of sedimentary end volcanic origin (Baldwin, 1976). 

Trti geothermal conditions of the three areas are shown In Fig. 2. 
Geothensai act ivi ty is high in the Owyhee areB,, uroderate in the Ochoco area, 
and virtually.undetectable in the Co:tt3ge Grove basin. Therefore, the 
potential contribution of geothennsl venting to mercury loading ts Iffcely to 
vary accordingly s;nong the three reservoirs based an the nifferences in 
geothencal ac t iv i ty . 

While mercury ittost frequently occurs as deposits in .rock fractures and 
veiris, i t rosy also be found in low concentrattons io other geologic 
formations. In the Owyhee River area, mercury is cnranionly found £S an 
anonsaTy, present in 12 of 23 random outcrop rocfc-cfeip santptes. (Gray et a l . , 
1983). Mercury concsntrations.averaged 0.3 ppm (Gray et a l . , 15S3), 
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Figure 2 - Geothencal act ivi ty in the three study areas. . 
Compiled frora: Johnsos e t a l . , 1985: Korton, 1964; 
Oregon Department of Geology and Mineral ftesourcE:s, 1982. 
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B. historical Minine Practices 

Extensive mercury mining occurred in all three areas, as shown in Fig, 3. 
As is true fcr ail BBrcury sines in the state, production occurred primarily 
frora the late ISOOs until 1950, with peak production coinciding with war 
years. Since 1950 the increased Korean mercury production and the surplus 
from war years have saturated the mercury market and decreased prices such 
that Oregon mines have ceased productian (Brooks, 1971). 

The second largest nercury mine In Oregon, Black Butte Mine, is located 2 
nnlss south of Cottage Grove Reservoir, within the drainage basin (Brooks, 
1B71). Active intemlttently from 1882 to 1966, this mine producsd 18,155. 
flasks (Brooks, 1971). The ore in this area has been low-grade, 
approx1mately 0.173% by weight (Brooks, 1971). 

Mercury production tn Ochoco basin has been from several small mines, due to 
the discontinuous faulting tn this region (Brooks, 1971)- f îoi* to 1943, 
the four mines in the Ochoco basin (Byram-Qscar, Staley, Champion, and 
Taylor Ranch) collectively produced S57 flasks [Brooks, 1971), 

Although there are no nmrcury mines in Oregon in the Owyhee basin. Brooks 
(1971) reported that one of the leading national Bsrcury producing mines ir, 
the country, is In the Nevada section of the drainage basin. This could not 
be-confirmed by staps of ntercury occurrences in Nevada (see Lawrence and 
Wilson, 1952). 
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Mercury mias:s and deposits In the three study areas. 
Compiled from: Uohnson et a l . , l«8S: Uwrsnce and Wilson, 
i ! l l ' ' ' ^ ^ J " ' ^ ""*'^'"' ^S54: and State Water Resources Bo4rd, 
i 9 o u a . iSflOb. 
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I l l , METHODS 

A. Field Sj,nipHina 

Two ar three s i tes were sampled for water and sEdinte;st, at each reservoir, 
depending on the reservoir si^e â nd water level {Fig, 4) . Water and 
sediment sainples were collected in September 1989, and June and September, 
1990. 
Water samples were coliectfid 0.5 si fron the surface in 1 L polyethylene 
bo t t l e s , pre-rlnsed with lOJi Hfi(X. Core sediment samples were obtained using 
a 1" d PVC pipe. The uppennost 3 cm of the core was transferred intO: a 
pyrex pla te , mixed and collected in 2S0 cil polyethylene bo t t l e s , prs-rinssd 
with 10% HNOj'. All samples were frozen immediately, and-stored frozen until 
subsequent analysis. 

The following parameters were also cteasured at fia,ch s i t e : water pH (Orion 
Model 250 pH meter), conductivity,, and dissolved OKvjen (Winkler method). . 

Fish were coHacted by electroshocScing in cooperation with the Oregon 
Oepartment of Enviroimental Quality In September and October, 1,990. Fish 
were f i l le ted in the field, and f i l l e t s (with skin) and l iver samples were 
iramed'istely frozen and stored frozen,. 

S. ChaEnical ftftaTyseg 

1, Total ntgrc'jrv in water: Total mercury concentration in water was 
detertainsfl using cold vapor atomic absorption according to the procedure in 
Standard Hethods for the Ej::ajnination of Matsr and Wastewater. A 100-ml 
volume of each sample was transferred to a 2S0 «1 Erlenmeyer flask, to which 
5 ml concentrated HjSD̂  atii 2,.o ml concentrated HKOj, and 15 ml of SS KMnÔ  
were added. After riftaen minutes B m\ af S% ^jSjQj was added tc each 
sample, and the fl^asks were heated- in a 9B't water hath for 2 hours. The 
samples were cooled to room temperature, transferred- to 250 ml gas-scrabblng 
reaction flasks, treated with 8 ml of 245 {^aCl-hydro5cylamine sulfate tp 
reduce excess KMnOi. InroediateTy fonowing: the addition of 5 ml IQS SnClj in 
d i lu te HCl, the flas-fcs were supplied with fliOw-through nitrooen oas (2 
l/jsin). Mercury vapor was passed through a Colesan todel SO mercury 
analyzer {Perkin-Elmer Co., Haywood, I I ) , connected to a Hicroscribe 45O0: 
recorder ssl at 5 mV. (The Recorder Company, Sar Marcos, TX), Peak area w£s 
calculated as height X width at half-height. Onknowns were detenrrtned tising 
a standard curve,'based on HgCU in HNO '̂lO.ZS - 1,0 uq / l ) . hare than 75% of 
water samples were analyzed in auplicate. 

2. Total Rigrctarv in gedim&nt; Sediment samples were analyrsd foil owing t.he 
methods outlined in Buhler et a l , (19S4.). After In i t ia l preparation and 
hot-acid digestion, this procedure is very similar to the analysis of water. 
Thoroughly mixed sediment ssntples (3-5 g) were dried ta a constant weight in 
a SQ'C oven (appnjx, 96 h}. Samples were cnishe«j-using a cersifffc nortar and 
pes t le , and passed through a 1 fsn mesh screen. Part ic ies that did not pass 
throBch the screen were pulverized a secsnd tinie, and screened. Any 
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Figure 4 • Location of sample coHect io/ i sites on each reservoir hy date of 
co l lec t ion . 
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rsBiaining material was discarded. Suhsasroles (0.5 » 1.5 o).were weighed and 
transferred to glass 250 ml BOD bottles, to which 5 ral delonired H»0 and S mi 
aqua regis (3 vol. cone. HCl: I vol. cone HJfOj) were added. Samples were 
placed in a 25*C water bath. After two minutes, 50 ral deionized %Q and SO 
ml Sa JtHnOt *^rs added to each sajstple. Sawples were digested in tne water 
bsth for 30 iain., and cooled to room temperature. Fifteen nin. before 
analysis, sainiiles were treated with 50 Bl deionized HjO and S ml 24S KaCl-
hydroxylamine and placed in £ hood to allow the evolved oxygen gas to 
escape. Samples were transferred to the 2S0 ml reaction flasks used for 
water analysis , and analyzed tn the same manner. Gas flow was set at 1,5 
l/raln. Recorder sensi t ivi ty was set at 20 m'if. 

Sediment mercury coeceatratioas were determined b&se^ on a standard curve of 
HgClj in HNQj (Q.DS - 0.30 fig)^ The accuracy of the standard curve and 
recovery efriciency was tested using reference material, from the Mational 
Ins t i tu te of Standards and Technology. Most samples [>7S%) 'ffero: analyzed in 
duplicate, 

3,. HethvlmercHrv in sadimgat: Sediiaent sainples we:re snalyged for 
methylmercury hy gas cbrowatography' using a modification of the Bailtt-stags 
extraction and concentration procedure developed by Uthe et a l , [157Z). The 
modified technique for sedimentis outlined by Furutani and Rudd (ISBO). 

Two aliquots of wet sediment (appraxiarately I g) were weighed to the i sa res t 
0.001 g. One set of samples was dried to a constant weifht in a 30*C oven 
to determine the water content so' that msasurentents could be standardized on 
a dry weight bas is . 

The second set of samples were t r ^ s f s r r i d to 10 stl centrifuge v ia ls . Two 
ml of Q.£M CQSQJ. and 10 ml of 3R NaSr in Z2% cone. HjSOt were added to the 
sanples. After'shaking vigqrptjsly for two ntintrtes, samples were centrifuged 
for 5 min, and transferred to 50 ml glass separstory funnels. Twenty ml o f 
toluene were added and samples were shaken for three.min,. Following removal 
of the aqueous phase, the "toluene phase was treated with 1 g anhydrous NaSO; 
and decanted into a 50 ©I erlenmeyer flask and further dried with 0.5 g 
anhydrous KaSOi, A 10 ml sample of the extract was transferred to a clean 
separatory funnel,, and S ml of 0.0025 H Hâ SjGj in 20« ethanol was added. 
After shaking and standing, 3 ml of the lower aqueous phase was collected 
into a calibrated, glas.s-stoBpered centrifuge tube, to which 1 ral of 3M KI 
and 1 ml hexane were added. 

Sufasafflples (5 ul) were injected into a Hewlett-Packard^ 5700 cas_ 
chromatograph equipped-with a "̂ Nl elactron capture detector.- . ihe column was 
packed with 7% Carhowas 20M on Chromosorb W, acid-washed DHCS-treated. 
Argon/methane gas was supplied at 50 ml/min, and GC attenuation was set at 2 
mV, The operating tamperatures far the column and detector were 175*C and 
200*C respectively. The H1crcs.cribe recpj"der: was set at 1 mV,. and 1 ca/m\n. 
Peak area w.as. calculated by height tlinss width at half-height, ynknowas 
were compared to standards prepared from methylmercuric chloride in hexatte 
(6-20 ng). 
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4. Total and arean-ic lagrcurv in fish: Mercury concentration In fish muscle 
was determ-inad using a hot-Pase digestion followed by cold vapor atomic 
absorption. 

Fillet saiBpTes (1-2 g) were placed in screw-top test tahes, to which 2 ml 
IQK NaOK was added. Sanples were then heated for 30 n^tnutes in a heat block 
(95*C) and cooled to room tejBperature.' Qae percent SaCl •(& ml) was added to 
each' sainple. 

Total mercury was deternined by placing 1 ml sabsanple in a reaction flask 
along with 3 ml IS NaCl. 1 ml 1% cysteine, 4 drops octanol, and I ssl SOS 
SnCl, and 105 CdCl, in 4 K HCl. Inorganic mercury was detennined by adding I 
ml of SOSSnClj in place Of the SnClj- CdClj solution. The flask opening was 
then covered with a septom, through ii^ich 4 ml ION KaOH was injected fay 
sjTnnge. After thirty seconds, N gas was supplied at 1.5 l/isin. The 
recorder was set at SmV. Standards were prepared'as Hg In HN£̂  (10-100 
^g/ffll), prspared from: a conaerGlally available standard (1000 ppm, Johnson & 
Hathey, Seabrook* NH). 

Organic mercury was calculated as the difference of total and inorganic . 
mercury, , 

5 . A d d i t i o n a l analvses 

a. All WBter sainples were analyzed In the lab for hardness, following the 
EDTA tt tr imetrtc mstted io Standard Methods for the Esamination of 
yater and Wastewater (198S). . 

b. All sediment sarapTes urere analyted' for percent volatile solids by dried 
sediments in a 500*C muffle fomace for 4 hours, after Buhler et al . 
(19S4). 

c. SediJitent physical characteristics were performed by hydrometer method 
by the OSU Soil Physics Laboratory. 

d. SedlBsent samples from S/90 were sent to the U.S. Bureau of Mines 
(Albany, OR) for determination of cinnibar content. 

1! 
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] I ¥ . S£SaiTS • • 

A. Herctfrv tn wgter ai^d sgdim.ent 

Twelve water samples and IB-23 sedimsnt sauples were analyzed from each 
r s se rvo i r . Results of the limnologtcal and sediment analyses are sumaartzsd 
in Table 3.. Mercury was detected tn 2S», SL, and IS% of Cottage Grove, 
Ochoco, and Owyhee, water samples respectively (detection l lm l t ' o f Q.l ppb). 
The large range of concentration values (0.12 - 1.0 ppb) sugg:ests tha t the 
ht^ghest concentrations' of mercury are, probahly found in the par t icula te 
f ract ion. Differences in mean mercury concantration in wi t s r among 
reservoirs were not s ta t ' i s t ica l ly significant (p«0.Q5). 

Sediment msrciiry concentration and s i te , date and carbon content differences 
were'examined using Anova and Mewntan-Keuls multiple coinparisQn analysts . 
The highest overall mercury level was associated with Cottage Grô fe 
reservoir , and̂  this was significantly different from the values for Ochoco 
and Owyhee reservoir, ' This finding, however, 1s largely atti-ibutaijle to t,*ie 
hifh mercury levels found a t both si tes in the September 1989 samples (Fig. 
5 ) . To confirm the observation-that ISSS levels were higher than the other 
two dates , particularly for CottagB Srove Reservoir, 1929 samples were 
reanalyzed in s mixed batch with samples from la ter dates; the resul ts were 
consistent with previous analyses. 

Mercury concsntrations did not vary solely as a function of carbon contest 
on a seasonal, or localized manner. For Ochoco, mercary concentration at 
the up-reservoir s i t s (A) was higher than at s i te 3 ar C despi te no 
difference in carbon content. The opposite condition existed for Owyhee and 
Cottage Grove raservoirs; mercury concentrations at the s i t e s within each 
reservoir were not significantly dtffersnt, despite dtfi^rences in carbon • 
content. 

Carbon content exhibited a pattsj'n of seasonality, modified by water level 
f luctuat ions. Higher carbon levels were observed in the September samples 
than in the June samples for Cottage Grove Reservoir. In Ochoco, th i s 
pattern was overridden by water table fluctuations. The water level was 
unchanged between September 1989 and June 1.590, and the carbon content in 
sedinient was similar for both dates . However, a 34-ft decline in water 
level between the June 1590 and September 1990 sampling da tes , resulting in 
a much higher carbon content associated with the low water level (7.4S vs. 
5.]%). Carbon cantent in Owyhee Reservoir was consistently between 4.SS and 
S.SS, reflecting the low level of carbon loading to the reservoir caused by 
low vegetational biomess in the watershed. 

Mercuiry values were less influenced by sampling date, suagesting the 
importa'nce of jjarameters other than carbon content." Sediment mercury levels 
in Owyhee and Ochoco reservoirs vers consistetst for .al l , three sampling 
dates , in Cottage Grove reservoir , the September -I'SSS. sediment samples had 
s t a t i s ca l i y higher mercury levels than September 1990 samples, despite no 
chance in carbon content. 
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Table 3 - Hater chemistry and sediment parsjtffiters 

Paramstar 

Wst-er 
pH 
00 
Conductivity (^nos) 
Hardmess (mg CaCoj/l) 
Kg (ng/1) 

5,ed1ment 
Soil texture 

Clay content (Si) 
Carbon content (S) 
Total Kg (jsg/g) 
Fine grain tig {pq/q] 

Cottage 
(xtSE) 

7.70* 
8,20* 
56* 
3S* 
7S± 40" 

sand-

Srove 

sandy loam 
9.5 ± 6. 
7AI ' 
0.839 ± 
0.313 ± 

All sediment values are presented 
Values with different 

5. 

,17 
,03 

on a 
superscripts are 

Ochoco 
(x±SE) 

8.53" 
7.8* 
260^ 
101" 
17 1 10* 

. clay-
clay loam 
3« ± S 
5.71" 
i.OlO t- .IS 
O.ISe * .02 

dry weight basis 
significantly ai 

Owyhee 
(xiSE) 

8.44 
7,24" 
254'* 
7r 
37 i 30" 

sandy IOMT-
clay loam 
12 t 9.3 
£.33" * 
1.373 t .33 
O.IOS + .01 

. • 

f ferent a t p=Q:.OS 

?^ 

1.00 

0.75 

0.50-

Q.25-

0.00 

Foil 19S9 • 
Spring 1SS0 

CD Fall 19S0 

fi - 1 n.. 
Cottage 
Grove 

Ochoco Owyhee 

Figure 5 - Mercury concentration in sediment by sampling date. 
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S, Herctfrv tn rTSh' 

Five smallmouth bass from^ Owyhee, five largemouth bass from'Cottage Grove, 
and ene rainbow t rou t frora Ochoco were analyzed for total and organic 
msrcitry pjntent ia la tera l f i l l e t s . The resul ts are presented, in Table 4, 
One of five fish from Owyhee reservoir and two of five fish from Cottage 
£rovs rBservoir exceeded the United States FBA l imit for human constimption 
of 1.0 ppm. Mercury cancantratlons in fish from Owyhee and Cottage Srove 
reservoirs were not significantly different ( t - t e s t , p=0,QS). 

Organic mercury cnrnprised >935i of the total mercury in a l l cases. 

Mercury concentration in f'lsft muscle increased as a function of age for both 
bass species ( r i g . 5 ) . However, the pattem was not idesttcal for the two 
reservoirs . This dlfferencE may be attributable ei ther to species or 
reservoir differencas, or the small sample s i r e . 

Reservoir 

Cottage Zrove 

Ochoco 

Owyhee 

Table 4 - Mercury concentrations In fish 

Species 

LH- Bass 

RB Trout 

SH Bass 

Aoe 
(years) 

2 
3-
3 
4 
5 

2 

2 • 

3 
3 
4 
5 

Totjl 
(ppm) 

0.3S 
0.44.. 
0.22 
1,49 
1,79 

0.79 

0.75 
0.5S 
0.79 
1,16 
1.15 

Mq 

muscle 

S MeHo 

100 
100 
100 
100 
99.9 

99.9 • 

100 
99.9 
100 
99.9 
100 . 
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5 
5 
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cn 

1 .5-
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• • Cottege Grove 
{tu 3a3s) 

D D Ovifyhee 
(SM- Bess) 

A——A Ochoco 
(Ra Trout) 

3 4 

Fish Age (y^ars) 

Figure 5 - Hercury concentration in fish tissue-by fish'age for the three-
species frpmi the three reservoirs 

V. DISCUSSION 

A. Hereorv in water 

Surface water fserairy concentrations tn areas without mercury deposits range 
from 0,01-0.05 ppb (Wtfclander, 1569), Background laercory say be derived 
from atmospheric depositton (estimated at 0.17 &^) . ftors than 505 of 
atmospherically derived mercury is evaporated from: the soi ls and sir (Klein, 
1973). result ing In background surface water concentration of 0,09 ppb or 
lower, Jenne (1973) reported that mercury was detected in 9£ of unfiltered 
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water and 35 in filtered water analyses reported in the l i t e r a t u r e . Thus, 
in irtore than half the waters saarplsd, most of the mercury was suspeTided in 
the particul-ate fraction. 

Surface water concentrations in areas with mercury deposits, such as the 
.Pacific Northwest, may be considerably higher than areas without natural 
deposits (Jenne, 1973). Sampling of the Columbia and Wlllimette r ivers 1n 
lsto-71 yielded mercury concentrations between 1-35 ppb for f i l t e red waters ' 
(*3enne, 1373), indicating input from sources other than background-level 
deposition. 

Our resul ts Indicste an elevated frequency (6'2SS of unfiltered samples) and 
msgnttude (0.12-1.0 ppb) surface water cantacalnation above background 
l eve l s . Therefore;, atmospheric inputs alone probably do not account for the 
elevated mercury concsntrations in Cotta,ge Crove, Ochoco and̂  Owyhee 
reservoirs . This does not, however, indicate that bioavailabi l i ty tc 
reservoir fish is enhanced, since mercury in the particulate fraction may 
not be as readily absorbed In biota as dissolved inorganic mercury or 
methylmercury. 

B„ f^srcury in sediment 

Hercury was routinely detected in sediment from all three reservoirs . 
iJespite s t a t i s t i c a l differences in-mercury concentrations'In sediment, 
corresjjondtng cancentrations In f ish were similar for al l reservoirs , based 
QiO ftsii; age . 

OifferemcEs in sediment mercury cDncentrattons are most l ike ly due to 
differences in loading rates and pa t t ems . Factors that affect loading 
rates include the ouantity of available mercury as natural deposits or 
mining waste, and sediment t r anspor t rates in the dra'inage basin. Sediment 
transport ra tes are, tn turn, affected by geological and climatological 
forces. In t h i s study the puantity of available n^rcury in the drainage 
basin seems to be more influential than sedimsnt transport r a t e s . 

Drainage basin arsa was not a s ignif icant dsterminant in sedtEnent mercury 
concentrations. This is evidenced by the fact t.*i3t despite t.He erto^rmity of 
the Owyhee drainage basin, i t did not have elevated mercury loads re la t ive 
to the other two systems. Although HcHurty et al , (19SS) observed a positive 
correlat ion between mercury concsstration ifl the sisallmoath bass t issue and 
watershed and lake area, i t appears that this relat ionship-is valid only 
whers available mercary reserves are approximately ec|ual. 

Based on overall rel ief of the basins, we would expect sediment transport 
ra tes to be highest in the Owyhee area. Although the overall r e l i e f in all 
three drainage basins ts moderate (Johnson et at , ISSS), s ignificant 
localized differences^ are.present, Buttes dominate in the Owyhee basin 
which are more susceptible to erosion and sedineait, transport than gently 
sloping h i l l s , characteristic of the Cottage Grove basin. 

I t is d i f f icul t to assess the intportaacs af Isnd use pa t t ems in determining 
the behavior of mercury in these systems. While land use pa t t ems may 
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Influence- both the rate of mercury transport to surface waters and mavement 
wttthin the reservoirs, the relative enhancement of erosional'forces fram 
forest clearing, agricultural Irrigation, and range practices are not known 
for these areas. 

The araount and cycle of annual precipitation and flooding events affect 
sediBiEnt transport. Precipitation tn the OMyhee area is prinarily s3iow; 70% 
of the inflow the ^yhee reservoir occurs between Harcb and Kay as sno»raieU 
(Johnson et a l . , ISES), Sparse vegetation and the timng of the snow selt 
produce conditions favoring high surface runoff and sediment transport 
(Halheur Soil and Mater Conservation Sistrict, pers. cnnaii.). This, however, 
may be offset by differences in the total amoont of precipitation. The high 
rainfall in tbe tflllamette Valley ecoregion stay exert a grea*ter influence on 
relative loading rates. The difference between sediBtant mercury 
concentrations in Cottage Srove reservoir between Septenrffer sampling in 1389 
and 1990 may relate to .timing of storm events. Local flooding results in a 
surge of mercury sad other materials into reservoirs. This may enhance 
Bioaccuimilationt mercury concentrations In northem pike-were significantly 
higher in a year following a severe flood compared to previous or succeeding 
years (Phillips et a l . ,19S7). One possible explanation is high atBthylatlon 
rates In flooded shoreline sediments (Ramlal et al.,"l986). 

given the inability of sediment ly-ansport, rates to explain differences In 
sediment sercury concsntritlons;, we suspect that the available stores of • 
mercury within the three reservoir systaas are very different-, and that 
eetsrmins sediment concsntrations. 

Mercury burdens in all three reservoirs are most likely are derived from 
natural mercury deposits exacerbated by past ntercury, gold and silver mining 
in the drainage basins. The relative si^e and mining effort of the Black 
Satte ftlne in the headwaters of Cottage Srove Reservoir may explain the 
elevated sedimient mercury concsntrations. This mine produced 25 times as 
msniy flasks of mersrury than all the mines In tbe Ochoco District combined. 
The lack of s i te differences in sediment mercury concentrations suggest a 
unifona, or diffuse i:«rcury disrtrifaution within Cottage Grove Reservoir. By 
contrast, the fact that the upstream site In Ochoco Reservoir exhibited 
higher sediment mercury concentrations than other sites may reFtect a 
dtstributlon pattem from feeder stTe;ams. 

The .diffuse distribution sf mercury In Owyhee Reservoir ts consistent with a 
distant mercury source. Hercury in the Owyhee basi-o may be derived from; its 
lise in gold and silver extraction. Es:teflstve gold and silver mininĝ  took 
place 1B the Jordan Creek ragian of Owyhee basin between 1860 and 1920 
(Hill, 1973). Mercury used in .the amalgamation process can be lost to the 
envtronraent through Inefficient recovery after distil lation. It hss beea 
estimated that 7S'pounds of oarcury were lost daily daring mining years in 
Idaho [Hill, i S n ) , 

oeothermaT releases of mercary may also be a signifleant and persistent 
source of mercury In Owyhee Keservoir given the higte level of geothermal 
activity in Southeast Oregon, Hercury enters the enviroeaiefit during 
episodes of g-eothermal and volcanic activity [Grsyi pers. comm,, 1589). 
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Hydrothermal solutions transport mercury along rock fractures veins as 
sulfide and chloride complexes, as evidenced by the comnHjn' occurrence of 
cinnibar (HgS) in hot spring deposits (Nriagu, 1S79). The vola t i l i ty of 
BtBrcary causes I t to vaporize from the heated solution and be transported as 
a pss (Gray, pers . coraa.). mercury halos are forsad at varying distances 
from the geotherwal center depending on temperature, pressure, and pH (Sray, 
pers. cDijni.), Close to the epicenter, mercHry will bind with the gaseous 
sulfur and precipi ta te as cinnibar; at greater distances from the-geotherfnal 
vent, loercury is transported in aqueous solution in a free form or complexed 
with Cli a process that is influenced fay pH, sulfur avai labi l i ty , 
temperature, pressure, and ch&sistry of the mineral solution (firay, p;&r$. 
coBBn.). Thus, further from the epicenter mercury is more available for 
transport in solution to surface waters and biota . 

C. Msrcurv in fish 

The -irorcury concentrations in two fish frsia Cottage Grove' Resarvoir exceed 
maximuBi values reported in the past.. Concentrations o'f mercury IR 
largemouth basis muscle in 1974-5-ranged between 0.55-1.11 ppm (Horcaster, 
1379). . Although th i s differencE may"be explained by fish age or seasonal 
variation, i t may also.reveal that mercury, is accumuiating with time tn the 
reservoir. For this-reason, ft would be desirable to monitor mercury in 
fish in t h i s reservotr in the future. I t has been suggested that strean 
impoundment elevates mercury bioaccumulstlon. Followtng dam construction, 
raercury concEnt,rat1ans tend to be high i n i t i a l l y before reaching an 
equilibrium; the proposed mscaantsan is that the surge of trapped soil favors 
methylmercury production and methylation (Phil l ips et a l , , 1987) 
Investigating the source of mercury in fish in new impoundments. Cox et a l . 
(1979) concluded that insoluble mercury in soi ls is released through aquatic 
biological m-ethylation once the soils are submerged. This phenomenon Jtiay 
also explain the increased blGaccumulation associated with flooding.. 

Of five species exanilned for mercury CDncentrattons in past efforts 
(yp^rcester, 1S79), the highest values were observed in larg-anouth bass. 
Other species analyzed were' chinook salmon, cutthroat, rainbow trout and 
brawn bullhead. 

As only one fish could be analyzed from Ochoco Reservoir, t t is impossible 
ta perform any s t a t i s t i ca l analyses. Furthermore,-no records were available 
of past analyses. However, i t shoold be noted that the mercury burden in 
the 2-yssr old fish that was sampled was similar to those of 2-year old fish 
from Cottage Srove and Owyhee reservoirs. This suggests that older fish (4-
5 years) in Ochoco Reservoir may also have mtscle mercury burdens exceeding 
the FDA linclt. 

Sm:allmouth bass from Owyhee Rfiservoir in this saapTing effort have mercury 
burdens within the range of past iBvestigations. Msrcury concentrations in 
smallmouth bass ssnpled in ISS7-9" ranged"'bstwesn O.SS and 1,S8 ppm based on 
the whole fish (DEQ, pers, GOBBB.), Mercury'concentratlans in siBsllraouth 
bass exceeded those of carp and black crappie. Largemnuth bass and channel 
catfish had similar mercury concentrations to Sfnallmouth bass. 
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As the mercury concefitratlon In fish tissue did not differ atnoisg the 
reservoirs, we could •not adequately evaluate s^feral influential factors 
that Bjsy be operative In Oregon reservoirs. Conditions reported to 
InfluffliKa mercury ffvallabilfty aad btoaccaiwilation are presented Is Table 5. 

Table S - Conditions favorable for mercary biosccumulaticn 

Hvdrol&olc 
slow flow 
frequent' flooding 
recent Impoundment 

S6d1m:etit...charactgrTStles 
mildly oxidizing sediments 
low clay cotitent 
high organic content 
low comple)£lng agents 

tfater chemistry 
high conductivity 
high dissolved organics 
pH S.O or >B.S 
high teiBperature 

yife history factors 
large size 
long life spas 
(high trophic position) 

&y limiting the coutposltion of nsethylating bacteria, the sediment redox 
potential affects the rate of mathylttion. Althoogh methylation has been 
observed in anaerobes, facultative anaerobes, and aerobes (Beijer and 
Jemelov, 197S), the optlaail condition for methylnercury bioavailability is 
a raildly oxidising environment (-100 m¥ to +150 wtf) (Phillips et a l . , 19S7). 
Therefore, reservoirs virith oj^enated sediaents are expected to have less 
methyl ntercury bioavailable than these with anoxic sedttn^Jts, and reservoirs 
with oxygenated bottom waters for more of the year are expected to have 
higher levels of methylaiercary. 

Sediment organic content «as not significantly different In the three 
reservoirs (p»0,2J2). Therefore the Influence of organic content on 
bioaccumulation in fish cannot be evaluated. However, iCleiB: (1S73) suggests 
that organic material may actually control mercury distribution. 
Corresponding to greater microbial density and available energy, high 
organic content stimulates methylmercury production (Jackson and Moycmjk» 
isao). 
In addition, the supply of nutrients and complexing agents affect the rate 
of methylation. Nutrient availability influences botii the density of 
methylattng microorganlsjas sid their mstabolic rates (Furutani. and Rudd, 
19B0). By binding mercury inertly, complexing agents (especially sulphides) 
affect the rate of methylation (Beijer and Jemelov, 1979). Thus, 
methylation rates are reduced ia the presence of hi-gh concentrations of 
complexing agents. Beman and fiartba (ISSSa) reported a causal relationship 
between high sulphide levels and low methylation rates. 

As methylation rates are largely determined by levels of oxygen, satrtents, 
and organic material In sediments, it is not surprising that methylaercury 
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bioavai labi l i ty has been shown to exhibit seasonal variation (Ka,'"thals and 
Winfrey, 19S7). 

Several water chemistry parameters also influence the avai labi l i ty of 
mercury in surface weters and uptake by fish. These factors include-
conductivity, turbidi ty, total dissolved solids, pK, temperature and troohlc 
s t a t e . 

The conductivity in Cottage £rove Reservoir was significantly higher than 
t h a t of Ochoco or Owyhee. This nay serve to exacerbate the mercury problem 
in t h i s reservoir . For 13 Ontario lakes, conductivity explained 54% of the 
t o t a l variation in mercury concentrations in the crayfish (Allard and 
Stokes, 1939), 

The pH of al l three reservoirs is between 7.7 and 8.5. This corresponds to 
a pH range that i s not optimal for msrcuTy bfoaccuBtulation, The .effect of 
pH an accumulation of mercury in fish varies with the range of ph. Acidic 
conditions favor the formation of nspnomethylmercury (Jemilov and Asell, 
1S75) but also allow more binding of the tB&rcary to particulate matter which 
lowers evaporation and sedimentation (Schlinder et al , 19S0). The 
consequences of the two prticesses is elevated sethylmercury production and 
eva i l ab i l i ty to aquatic organtsras. at 'higher pH values (>8), the formation 
of i^imethyl mercury (CKjHgCH,) Is favored," but conditions for the uptake of 
available monametbyl mercury is enhanced (Beijer and Jemelov, 1979), The 
combined effect nf these forces 1s a tvffl-phase response in uptake, peaking 
once between pH S.S to S.S , and again at pH >S.5 {.ohtllips et a l . , 19S7). 

In addition to pH, water temperature may affect nercury ava i lab i l i ty . 
Higher water temperatures at the watar-sedimant interface enhance 
methylation rates (Phtnips s t a l . , 1987), The ra te of uptake of mercury by 
f ish also increases with higher' water tasperattres (Hackabse s t a l , , 1379). 

ATI three reservoirs are classified ss mesotrophtc or eutropfaic. Ihe effect 
of limnological trophic state has not yet been clearly established. 
Characterized by low nutrient concentratfons, low primary pn3d;uctTVJty and 
high levels of dissolved oxygen, oligotrpphic lakes are thought to generally 
have leswer methylation and uptake rates because of the lower density of 
methylating bacteria, lower en,6rgy availabili ty for metabolic asctlvity and 
oxygen concentraitions above the opttntHm tor iRet.h,ylation (Phillips s t a l . , 
1987). Conversely, methylation rates should be higher under sutrophic 
conditions; however, Akielaszek and Haines (19S1) argue that ms-thylation 
r s t s s are higher in oltgotrophic conditions based on'greatsr mercHry 
ava i l ab i l i ty because there Is less organ'ic matter far mercury complexation. 

Food web structure and the position of a given species in the complex 
influences the. bioaccuBiulation of reethylmercury because diet can be a 
s tgntf tcant exposure route. The percent of accumulated mercury froffl food 
varies with species. Food contributed less, than 15?.of the..accamulated 
mercury in-rainbow trout (Phi l l ips , 1375)5"while t t contributed 41-53S in 
walleyes and 51-73!i in white crapptes (Phillips et a l . . 1987). Furthenaore, 
as a fish changes . i ts diet as i t matures, patterns af accaEtulation as s 
-function of age may reflect these dietary changes. This may par t i a l ly 
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explain the differences in this relationship between largemmjth bass in 
Cottage Srove Reservoir and ssaUmoiith bass In Owyhee Reservoir. 

I t Is evident that mercary bioaqcumutatlon in fish represents a managaiffint 
problsB In Cottage firove and Owyhee reservoirs. Ajfailtional monitoring of 
Ochoco Reservoir at higher water levels may reveal a slrallar situation. 
Despite the general pattem of low mercary concentrations In water and 
sediaent, older fish consistently have mercury burdens tn muscle tissue that 
exceed the FDA limit for humaa consumption. This supports the importance of 
methylation and bioaccumulation as critical determinants af mercury levels 
In fish. The Importance of ecoregion parameters in determining the behavior 
of tn^rtury in reservoir systems and accumalation In fish appears to be 
overshadowed by differences lo mercury deposits and raining activities. 
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