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Introduction

Pursuant to a Cooperative Agreement (V-990519-01-0}) between the U.S. Environmenta]
Protection Agency (EPA) and the Oregon Department of Environmentz! Quality (DEQ), the
DEQ corducted & Preliminary Assessment (PA) of the site known as the Black Butte Mine
located pear Cottage Grove, Lane County, Oregon.

PAs are intended generally to identify potential hazards at 8 site, identify sites that require
immediate action, and to establish priorities for sites requiring in-depth invesugaﬁom The
PA is based oa readily available information about the site and is not a full mvesngauon or
characmnzatmn of the site.

_ “The Black Butie Mine PA was conducied to identify potential public health and environmsnial

threats refated 1o the site. The PA is based on data derived from the spurees listed in the back
of this report. The scope of the investigation includes review of available file information,
interviews, & target survey, and an on-siie reconnaissance inspection.



Site Name: Rlack Butte Mine
Site CER.CHS.Number: ORDDOO515759
DEQ ECST Number: 1657
Site Address: T2358, R3W, 8ec. 8, and T238, R3W, Sec, 16.
Approx, 10 Miles south of Cottage Grove, Oregon 97424
Site Coordinates: ' .k 43°34' 427 N, 1230 o3 53'_’ W
Date: . ~ April 1, 1996

The site is located in southern Lane County, in the Coast Fork Willamstte River basin,
approximately 10 miles south of Contage Grove, Oregon off London Rozd. Land use in the
vicinity is primarily rural residential and recreational. The site 13 located on the northeast flank
of Black Bunte, The mine itself is in the NW 1/4 of Section 16, T.23 8., R.3 W. The sbandoned
kiln and tailings pile are located in the SE 1/4 of Section 8, T.23 8., R.3 W. (see Figure 1).
Several buildings remain on site, including two dilapidated, unoccupied houses, and several sheds
 associated with mine adits. The tailings pile, located along the south bank of Demnis Cresk,
comains an estimated 300,000 cubic yards of material. Topographic maps and aerial photos also
" show several unitaproved roads on the site,

The mine was first operated in the late 1890s. Ore was extracted and ¢rushed in preparation for
processing. The crushed ore was heated in the kiln to drive off mercury vapor. The mercury
vapor was then condensed and liguid mercury bottled for shipment. The mine operated
imermittently through the late 19603, with peak production cocurring during the ptrmd 1927-
1943. The mine was the second largest mercury prodocer in Oregon. Much of the mine area
was logged in the early 1990s, and some features of the mine were obscured by logging debris.

The site is currently owned by the Land and Timiber Company. The site contact is Roger
Villaneeve, in Coos Bay, Oregon, phone number (5413 269-0222. Accerding to the registered
ggent for the Land and Timber Company, Robert J. Custis, there is another group associated with
the Land and Timber Comtpany, represented by Sandy Simmons. There is no addmonai
information available regarding Ms. Simmons. -
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Figure -1

Elack Butte Mine and Vicinity. From USGS
Quadrangle Map (7.35") tiled Harness
Mountzin, Oregom. DU
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The Biack Bunte Mine and surrounding vicinity Is underlain by a sequence of hydrothermally
aliered mercory-bearing andesitic lavas, silicic ash wiff, and volcanic breccias belonging to the
late Eocenz-early Olipocene Fisher Formation (Tertiary). Locally thess deposits have been
injected by sills, plugs, and feeder dikes of Pliocene, Miocene, and possibly Oligocene age
basalt and andesite. The bedrock is faulted end fractured. The Black Butte fault is exposed on
the summit of Black Butte and in the underground mine workings and trends approximately
NGIW and dips 65 northeast. The mercury ore deposit (cinnabar) appears to have formed
slong this fasit, thought to be the prianary conduit for ateending hydrothsraml solutions.

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

Hydrogeology

The aquifers in the vicinity of the mine are the Fisher Formation (bedrock aquifer) and the
alluvial aquifer along Dermnis Creek, Garoutte Creek, and the Coast Fork Wiilamene River,
Depth to groundwater and hydraufic conductivity of these aquifers at the mine site is uninown.
Well logs in the vicinity of the mine indicate that the shaliowest depth to water bearing straiz
in bedrock is at 29 feet below ground surface (bgs). Lacal groundwater gradients are

wmknown but are iikely toward the streams with a component toward Cotrage Grove Reservoir.
The nearest spring is London Springs, located zpproximately 4 miles north of the site. Its
source, use, and guality are utiknown. '

The Black Bune Mine site was identified as 2 potential source of mereury comaminafion in
Cottage Grove Reservoir by the Mercury Working Group of DEQ's Waler Quality Division

"during 4n evalustion of Oregon's lakes. In 1994 the site was referred 10 DEQ's Site Assessment

Section (SAS) saaff for reviaw. The SAS review resulted in 2 recommendation for further
investigation at the site at 2 medium priority. DEQ is performing this federal Preliminary
Assessment af the site under a cooperative agreement with EPA Region 10.

There has apparently beed no other formal environtmentat investigation of the site to dats,

. Hewever, several organizations have undertaken sampling effons in the vicinity of the sie,

These sampling efforts included limited sediment and ngsué sampling done by the Orcgon Stare
Urdversity (OSU) Departinent of Fisheries and Wildlife in 1990, tissue analysis on an eagle's egg
by the U.S. Fish and Wildtife Service in 1992, limited sediment and tissue analvses by U.S.
Gevlogical Survey (IVSGE) in 1993, and somewhat more extensive sediment sampling by the
OSU Department of Fisheries apd Wildlife in 1992 and 1994, -
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The initial OSU study compated satmples from three Oregon reservoirs. Samples from Cottage
Grove Reservoir included tissue smtwles from five largemotith bass and several sediment
samples. The tissue from the oldest two fish (four and five years, respectively) showed mercury
leveis of 1.49 and I.ﬁmmp&rnﬁﬂwn{pm)mmusdenm& The U.S. Food and Drug
Administration Lt for mercory in commercially caught fish is one ppm. Sediment
concentrations aversged 0.84 pgfg, dry weight.

In 1992 an addled egg was collected from a bald eagle's nest adjacent to the reservoir by the U.S.
Fish and Wildfife Service. The epg was analyzed for trace elements and mercary was discovered
at 2.9 upfg dry wt. and 0.76 ug/g wet or fresh weight. According to the Fish and Wildlife
Service fact sheet Results of Cottage Grove Bald Eagle Egg Analysis, these levels are
significantly hipher than nationally reported mercury levels for bald eaple eggs.

The USGS sediment data was generated as part of periodic state-wide sampling. Analysis of
three samples in the vicinity of Back Butte Mine indicated 2.5 ppm mercury in sediment in
Dennis Creek below the Mine, and .87 ppm in Sculpin (a small fish species) tissue at the same
localion. A sediment sample taken from the Coast Fork at London, Oregon, downsiream from
the mine and upstream from Cottage Grove Reservoir, had a miercury concentration of 1.4 ppm,
and Sculpin tissuz sampled there had a maximum concentration of 0.52 ppm. A szdiment sample
taken from Cottage Grove Reservoir had s concentration of .50 ppm.

OSU completed additions! sampling in 1992, This work was documented in a report titted

Mercury Dynamices and Methylmercury Accumulation by Fish in Three Oregon Reservoirs (Curiis

- and Allen-Gil, March 10, 1994) and detafled apparent elevated levels of methylmercury in fish

tissue in Cotiage Grove Reservair. This report noted that the tissue concemrations approached or

exceeded the United States Food and Prug Admxmslrauonﬁmn for huraan consumption for
commercially caught fish.

In 1954, researchers with Oregon State University obmained sofl samples from near the mine and
sediment samples from Cotiage Grove Reservoir and its tributaries. The sampling data from the
recent OSU research appears to support the conclusion that elevated mercury levels in sediments
can be traced to the Dennis Creek drainage, and may result from off-site transport of soils and
ming tailings from the Black Butte Mine. ,

The soil levels detected at the mine and in the vicinizy_ot‘ the kiln ranged from approximaely 100
ppm to 350 ppm. The residential sofl maxtmur for mercory in the DEQ Soil Cleanup tables is
8C ppm, and the Industrial cleanup level is 600 ppm. The EPA Region T Risk-Based
Concentration (RBC) Tables show an industrial soil ingestion RBC of 610 mgfkg #nd a residentis}
soil ingestion RBC of 23 mg/kg. The soil screening level for tramsfers from soil to gsroundwater
is 3 mg/kg. No informstion on leachate concentrations ar the site is available, :

The =nalysis results are found below in tables 1 & 2, and cm'rcspcmhng sampling le::auons are |
at:ached as figures 2 & 3. . .



Sample Site | Number of Samples Mercury Concentration in Seil or
Sediment, pgfg dry wi,
- " R

1 1 190

2 2 271 7

3 2 267 £ 29

F4 2 223 £ 119

1 2 2x2

6 2 19 241

7 3 341

8 3 0.3 +£02

9 3 1.3 £ 06

Table 1: Mercury Content in Soil and Sediment Samples int the Vicinity of Black
- Butte Mins. Modified from Jeong-Gue, Park, OSU Department of Fisheries and
_ Wildlife, unpublished datz, 1994, Also see Figure 2,

-USample Site | Mercury Concentration in Sediment, pg/g dry wt.
1 0.83 £ 012
2. < 0.01
3 008+ 0.M
4 1.75 + 0.10

E <001

"6 ] 0.35 7i 0.05
7 0.18 £ 0.O3
8 0.68 + 0.07
¢ 1.05 £ 0.02
10 1.11 4+ 0.01

Table 2: Mercury Concentrations in Sediment Samples from Cottage Grove
Reservoir. Modified from Jeong-Gue, Pari, OSU Départment of Fisheries &nd
Wildtife, unpubhshcd datz, 1994. Also see Figure 3.

)
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Figure 2

“56£1 a+d Sediment Sampling Site Locatioms
Rear Rlock Burre Hine. From Jeoug-Gue,
Park, OSU Deportment of Pigheries and
Wildifife, unpublished data. 19%4.

Black Butte ' 0 5 o
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Fipure 3 .

Sedivent Sampling Sites in and Avound
Coztage Grova Reserveir, Fyom Jeonpg-Gue,
fark, OSU Department of Fisheries and
Mikdlife, vapublished datz, 199s.
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. InMarch 19, 1996, DE} staff visited the site in conjunction with this PA. Public access to the
site iz limited by a gate on the property entrance road. Permission to enter the property was
obtained from the property owner prior to the DEQ visit. The purpass of the site visit was to
evaluste current site conditions, confirm anecdotal information about the tajlings pile and the road
system at the site and to identify other potential environmental issues associated with the site.

Several of the roads that currently traverse the sits appear to have been surfaced with the reddish
raine tailings (see Photos 1&2, Appendix A). As noted previously, much of the site was logged
recently, and road building for the logging efforts apparently made extensive use of the-taifings.
A failing portion of one of the main roads at the site (see Photo 3} also shows clearly the use of
the distinct reddish mine tailings that appear to have been used over the years for roads at the
site. -

The tailings pile is quite extensive. The top of the pile is fairly level, and has beenused by
woodcuiters at the site (see Photo 4). There is also evidence of excavation of the pile over tims,
apparently to provide the road surfacing rock as described above. Part of the toe of the tailings
pile slopes directly imo Dennis Creek at a very steep angle, and appears to be eroding directly
into the creek (se¢ Photo 5). The tailings pile stands approximately 50 feet above the creek and
appears to frent the creek for approximately 600 feet (see Photos 6&7). A gravel bed inthe
creck shows s;gr.ts of the ted-colored ore (see Photo 8) at a location downstream from the taﬂm,s
pile.

The mine adits observed at the site are full of weter, and at one location the water is flowing out
of the adit toward a road (see Photo 9). As noted above, some parts of the roads at the site are
subject 10 mass wasting, which may canse additional sediment joading to surface water features.

Based on the indications of elevated mercury levels in fish at the reservoir, the Lane County
Health Department, in cooperation with the Oregon Health Division, has posted heaith advisories
recommending that fish consumption be fimited for fish caught in the reservoir (see Photo 10).
The warning recommends no fish consumption for pregnant women and children vnder six years
and 8 ounces per week for healthy adults. Based on weekday recrestional use of the reservoir,
this warning may not be heeded {sae Photosil & 12).

Soil Pathway

The soil pathway has been impacted, and clevated levels of mercury are found in soils around the
mine and asseciated structures. While the site is fairly remote, and is accessible only via a steep
gravel road, there are indications that the site is used for woodcunting, which could resultin -
dermal exposure to mercury-bearing tailings. See Appendix B for Pathway summary shests,
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Surface Water Pathway

The surface water pathway hss also besn impacted. It appears that surface transport of soil and
sediment has resulted in widespread contaminant distribution downstream of the mine site in
Dernis Creek, the Coast Fork Willamette River, and in Cottage Grove Reservoir. The
contaminatior is reflected in downstream sediment mercury contentrations that appear 1 be
higher than mercury concentrations it upstream sediment samples. Cottage Grove USGS and
OSU researchers have also discovered elevated mercury levels in fish tissue in some of the water
bodies noted above. It is believed that inorganic mercury availzble in sediments is biologicaily -

" transformed to methylmercury, & form that is available to benthic orpanisms, planws and other
aquatic organisms. As mercury tends 10 bic-accumulate, this results in increasing concentrations
- in fish tissues gver time, US Army Corps of Engineers data indicates that in 1993, 350,000
visitors used the reservoir and that 24% of these visitors fished the lake. In addition, recreational
use of downstream waier bodies may result in dermal exposure to sediments. One surface water
imtake is present within a 5§ mile radius of the site. The London Water Co-op mtilizes 2 reach of
Beaver Creek before its” confluence with the Coast Fork Willamette River. Therefore, there is
very low risk of mercury contamination from the Black Butte Mine affecting this water supply.
There are no other drinking water intakes within 15 mites downstream of the site. As noted
previously, Contage Grove Reservoir is used as a nesting area for the bald cagl.., & federally
designated threatened spr:mes See Appendix B.

It is not clear whether the groundwater pathway has been impacted, Two aguifers have been
_identified in the site vicinity: a shallow alluvial aquifer along the creeks and rivers and a degper,
bedrock aguifer. There are no public groundwater supply wells within a 5 mile radius of the site.

There arz 13 households present within 2 1 mile radius of the site, which ust groundwater for
domestic water sopply. Well logs for the vicinity of the site show that the first water bearing
strata encountered is &1 depths ranging from 29 to 93 feet below ground surface (bgs), in the
bedrock (see Appendix C). There is ne information 1o indicate that mine activities have impacted
groundwater st the site, and it seems unlikely that potential mine-related mercury contamination
of groundwater conld be differentiated from groundwater that comes into cottact with naturally
occurring mercury in area soils. See Appendix B.

The air pathway may have historically been impacted while the mercury kiln was operating, but

there does not appear to a major current impact 1o the air pathway, Wind-born dost transport

from tailings piles or exposed soils may have a potential mmpact o pearby streams, and could

potemtially impact dowp-wind residences, however, the prevailing winds in this area are from the

west to southwest, and wouid tend 10 blow away from the nearest residences. The air pathway
-will pot be evaluated farther. - ,
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As noted previously, mercury tends to bio-accumulate. Although there is hmited data available,
and this dam is of uncertain quality, it appears that mercury loading in streams and in Cottage
Grove Reservoir is exacerbated by historic and current surface water trapsport of sediments from
the Black Butte Mine area and the Black Butte Mine tailings pile. Fish tissne samples
downstream of the mine have been found to comtain elevated levels of methylmercury,

Based on the demonstrated impact to fish in Cottage Grove Reservoir, and the associated potentiat
threat to hurman heatth, it is recommended that & Site Inspection be carried out o more fully
evaluate the threat associated with the mine and tailings pile. Concern exists about potantial
impacts to soil, sarface water and groundwater pathways, therefore sampling of domestic wells in
the vicinity of the site and sediment znd fish tissue samples from downstream surface water

. bodies appears warranted.
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Photo Log: Black Butte Mine Site
Date: 3/19/%6 (Note: Due to the Leap Year, photo date featurs printed 3/20/96)
Location: Black Butte Mine, Lane Connty
Weather: Partly cloady, cool

Photographer: Eeith Andersen

Camera: P-mxx IQ Zoom WRYG  Lens: Zoom 35-90 Fifm: Kodak ASA200
No, Direction Facipe acerinti

1 N Road surfaced with tailings

2 NE Ercsion of road surface

3 - 8E Mass wasting exposing layers of tailings
4 SE Adit with water dreining towards road

5 W Excavated area of tailings pile

5 N Steep slope of tailings pile above creek
7 E Side view of foe of tailings pile

8 S Fromt visw of tailings pils

9 E Sediment bar in Dennis Cresk

10 S Health warning at Cottage Grove Lake
11 SE . Recreational anglers at C.G. Lake

12 E Recreational use at C.G. Lake
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Groundwater Pathway

No. . Aguifer Namé -~ Type . Overlaying Tnterconnsctsd -
No. with

1  Alluvial Unconfined NA NA

2 Fisher Formation ~ Confined NA . NA

Containment

1 Tailings Pile - , : 10 (from Table 3.2)

1 Reads - 10 (from Table 3.2)

Net Precipitati

Net Precipimtion: 60 inches/year

Al Depth to Hazardous Substances - 0 fesr bes

B. Depth to Aguifer from Surface - >29 feet bas

C.  Depthto Aguifer (A -B) - - >209 feet

All layers Karst? | . No

Thickness of layer(s) with Lowest conductivity? _ 29 fect
Hydraulic Conductivity? Urile*, use 10%10 10* emvsec

* - estimated ranges for frachued ignsous or metamorphic bedrock



HRS Groundwater Form
Page 2
Population by Well
| Neo. of Wells WellID# - | Sample Type Distance Contamination | Population
| : | (miles) Level
I NA NA 0-1/4 NA 1
3 ; NA NA 1/4-112 NA 3
3 ? NA NA 172-1 NA ¥)
21 NA “NA 12 NA 46
24 NA NA 23 NA 46
36 NA - NA 34 NA 82
3 Na NA - 45 NA T1
Distance Catepory { miles) . Population
- 0-14 I
1/4-112 4
1/2-1 16
C 12 62
2-3 . 108
3.4 190
NA
00420




SURFACE WATER PATHWAY

Segmaent Segment Water Start Point End Point Average Flaw -

No. - ID/Name Type Type {mi) ' - (mi} {cts)
T 17090002-011  Astificial NA NA NA " NA
Cottage Grove  Lake
Reservoir _ . .
2 17080002073 large stream  NA 29 37 200
Willamette R., ‘
Coast Fork '
3 17080002-014 - minimal NA ' G 2.8 NA
stream .

Garroute Creek )

POTENTIAL TO RELEASE

Potential to Releasa by Overland Flow

No. . Souree ID Containment Vaiue
Teilings Pite 10
2 on-site roads 10

Distance to Surface Water O feet

Bunoit

A. Drainape Area ' < 50 scres
B. 2-yesr, 24-hour Rsinfall 3.2 inches
C. Soil Group B

o
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Potential to Release by Flood

No. - Flood Cunmhment Value Flocd'FrequenEy Value
1 10 25 '
2 10 - 7
P ial ¢ —
Inta__i_:_e_%D Average Annual Flow {cfs) _ Population Served
NA NA - - NA

Location of Nearest Drinking Water Intake: Nearest surfece water intake is 4.2 miles distant, on a
tributary of the Coast Fork Willamette, and is not impacted by the site comamination. There are no other
known surface vwater intakes within 15 miles down stream of the site.

Besources

Resources Use: Cottage Grove Reservolr and the Coast Fork Willamette Biver are used for recrestional
fishing

Botential Contamination
: Annusal Production Type of Surface Average Annual #lnw
Fishery ~_ lpounds} . Water Body . {cfs)
CNA NA NA NA
'
Type of Surface Watser Body Sensitive Enviroamernt Seansitive Environment Value
_Larpe Stream (17090002-013) Endangered species habitat 75
&
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Wetlands
Type qf Surface Water Body Wetlands Frontage
- NA ' NA

00023



SOIL EXPOSURE PATHWAY

Workers: NA
Resources:
Temestial Seﬁs‘xtive Erwirontment - Value
NA Table b5
. ) Attractiveness/ Area of Contamination
No. Source 1D - tevel of Contamination Accessibility {sq. fest)
| Tailings Pile bC mgfkg mercury i0 162, 000
2 taflings on 50 mgfkg mercury 10 113,000
road surfaces ’
8
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o U.S. FISH & WILDLIFE SERVICE
PORTILAND FIELD OFFICE :

RESULTS OF COTTAGE GROVE BALD EAGLE EGG ANALYSIS

BACKGROUND

Cottage Grove Reservaoir, located in Lane County, Oregon, exists in a geological region
cheracterized by voicanic formations containing naturally occurring mereury. As a
result, extensive mercury mining once occurred in this area. The second Iargest
mercury mine in Oregon Biack Butte Mine, lies approximately 2 miles south of Cotrage
Grove Reservoir in its headwaters and was active Intermittently from 1882 to 1968
{Brooks 1971, as cited in Allen and Cureis 1951 :

Aguati¢ organisios can 1 bicaccurnulste mercory to dangerous levels in bodies of water-in
areas containing high levels. Bacreriz Hving in sediment can convert mercury into an
organic form known as methylmercury, Methylmercury is absorbed directly by aquatic -
grganisms and is also tpken in through the food they eat. Mercury burdens have been
detected in water, sediments, and fish in Cotiage Grove Reservoir and are most likely
derived from natoral mercury deposics exacerbar.ed by past mining within the l}as-m
(Alen and Curtis 1991} _

A substantial proportion of fish collected from Cottage Grove Reservoir show mercory
concentrations which exceed the U.S. Food znd Drug Administration maximum limit for
mercury in commercially sold fish (I ppm) [Allen and Curtis 1981}, Consequentiy, 2
public health advisory has been issued for p number of yesrs for consumption of fish
taken from the Cottage Grove Reservoir, Concerns have developed regarding mercury
accumulation in piscivorsus birds E'nragmg in Cocttage Grove Reservoir and che potenciat
for adverse impacts.

A bald esgle (Helisestus ieucocephalos) nest, _lm:atad on the Cortage Grove Reservoir,
kas been occupied since [986. Breeding acttempts were unsuccessful in 1888, but
successful at producing 2 young in both 389 and [890. in 1991, che original nest weas
blowdown and a2 new nest was built, successfully producing 1 young., The mest failed in
1992 and an addied epg was collected in May for chemical analysis of trace elements.

METHODS

Specialized tree-climbing equipment was utilized to enter the eagle nest and colleer the
addled baid eagle egg. The egp was cooied on ice during transport to the Portland Field
Qffice where it was refrigerated at 4°C until processing. Egg length, width, whole
weight, and volume were measured. The egg was scored at the equator wn:h a scalpel
and contents were released inte B chemically-cleaned glass jar. Embryonic development
was noted. Egp contents were (rozen at ~-13°C until shipping to the Patuxent Analyricai
Conrrol Facility (PACF) for trace element apalysis,

Anslytical methods included semple homogenization followed by digestion for
tnducrively Coupled Plasma Emission {KCP) and Graphite Furnace Atomic Absorption
Measurements {GFAA). ICP measurements were quantified using 2 Leeman Labs Plasma
Spec [ sequential or ES2000 simulteneous spectrometer and GFAA mezsurements were
quantified using a Perkin-Elmer Zeeman 3030 or 4100ZL atomic absorption
spectrometer. CVAA was used to quantify levels of mercury using SNC14 as the
reducing agent employing a Leeman PS200 Hz Analyvzer.

00027
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Quality control and quality sssurance of apalytical date was reviewed by PACF,
Acceptable performance {recovery varlation averaged <20% for all chemicals detected)
on spikes, blanks, and duplcates was dacum*-nted in the laboratory quality control

report.
R.ESULTS

Results of the chemical anzlysis are presented in Table [. Many of the trace elements
ingluding arsenic, bartum, beryllium, cadmium, chromium,, molybdepum, nickel; lead,
and vanadium were below detection ievels. Concentrations of selenium, and zinc
detected in the egg sample did not surpass levels associated with adverse impacrs
{Heinz er af. 1989, Gasaway 1972, respectively). Other elements detected in the egg
{aluminum, iron, magnesium, manganese, stronuum} ere not typically associzted with
impacts to- fxsh-eatmg birds and information is lacking regarr.img residee-levels related
to adverse impagts,

The coricentration of buron detected in the eagie ege does not mdwate a level of
concert. Although the residue detected io the Cottage Grove Bgg exceeds the median
lethal dose (LDsg} for borax injected into domestic chicken eggs, it does not exceed the
LD faor boric amd injected in chicken egps (Eisler 1990). Further, the boron
conce.ntratmn in the Cottage Grove bald eagle egg did not exceed the level Smn:h and
Anders {1989) associated with deleterious affects in mallard duckimgs.

Mercury concentrations in the ba.ld eagle egg were 2.9 po/fp, dry weight (078 pg/g, wet
we.tght} The significance of mercury residues in bald eagles is not fully understood, and
it is not currently possible to predict a mercury level associated with unsuccessful
reproduction (Eisier 1987). For example, bald eagle eges collected nstionwidé contained
meen mercury cotcentrations of 0.15 ng/g {fresh weight) from successful nests in -
cantrast to 0,81 pe/g in eggs from unsuccessful nests (Wiemeyer et aL1984, as cited in
Eisler 1987). Although the precise significance of the mercury residue in the Cottage
Grove eagle egg cannot be determined, the egy concentration is up to 7 times greater
than nationwide levels reported above {Wu:meyer et al. 1984}, Residues werz alsoc’
higher than those found in eagle eggs collected from the Columbia River in 1991 (6:11
and 0.25 pgfg wet weight) {U.S, Fish & Wildlife Service unpublished data] and 1986
{geometric meen = 0.1S pg/g wet weight; n=[3) [Garrett et al. 1988]. A mercury :
threshold level for raptor species is unavailable, cherefore, dara for other avien species

~were used for comparison. The mercwry residue in the Cot:age Grove bald eagle egg

approaches levels associated with reproductive impairment, in & variety of other avian
species: white-taiied sea eagles, cormmon loon, and several seed eating spec:es were
effected ar residues of 1.3 to 2,0 pg/g fresh weight {Fimreite 1979 as cited in Eisler
1987); ring-necked pheasants berween 0.9 to 3.1 pgfg fresh weight (Spamn et al. 1972 es
cited in Eisler 1987); and maflard dacks 0.7% vo .86 pp/g fresh weight {Heinz 1979).

“CONCLUSIONS -

The ma;orzty of trace element concentrations detected in the bald eagle egg collec'ed
from Cottage Grove do not appear st levels of concern. However, bald eagie egg
mercury residues sorpass averages for the nation and the Columbia River and approach

. levels associated wich reproductive impairment in various other avian species.

Additional investigation would be needed to determine if Cottage Grove eagles are
bemg impected by eleveted mercury concentrations.
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Table 1. Trace element concentrations in a bald eaple egg® collected near
the Cottage Grove Reservoir, Oregon, 1932,

Trace Element

Al
As
B
Ba
Be
Cd
Cr
Cu
Fe
Hg
Mg
Mn
Mo

Ni
Pb

Conrzminant Concentration
{uglg, dry we.}  (ugfe, wer we.}

22.6 ‘ 5.96
<, 457 <, 120
2.01 530
<.455 <.120
<0911 <024
<0911 <024
<455 - <120
4.19 L0
38.2 10.3
2.9 ' .765
493 : 130
634 167
«.455 . <120 .
<455 T <120
"¢.455 ' <120
2.04 .538
7.99 2.10
<.455 <120 .
45.3 118

Percent moisture = 73.6
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ABSTRACT

MERCURY DYNAMICS AND METHYIMERCURY ACCUMULATION BY FISH IN THREE OREGON _
RESERVOIRS. L.R. Curtis. Department of Fisheries and Wildlife, Oregon State
University, Corvallis, OR 87331

_Bivaccumulation of methylmercury by fish, sediment and water organic and
inorganic mercury concentrations and pu;t:enti:a'l' inorganic mercury sourceé ware
: .assessed in ‘three Oregon reservoirs {[Ochoco, Owyhee, and Cottage ﬁrave) which(
occur in distinet ecoregions. Ecoregions were distinguished by tnp&graphy, '
geology, soil type and composition, and tand use patterns. We examined pfh
dissolved oxygen, hardness, and conductivity of the water; compliexing agent
Tevels, vo’iat-i'le solids and cinnzbar content of sediment to quantitate

A differences in environmental conditions between study sites. Mercury
concentrations in water were below detection (0.2 ppb) in most water sampies
from the 3 reservoirs. In samples above detedion. mercury was probably
preddmei-namﬂy in the particulate fractiomn, and thus not #n true sclution.
Mercury in sediment occurred in the inorganic state; methyimercury wzs below
detection (0.2 ppb) in 83% of 211 samplies. Significant differences (p=0.05)
in sédiment mercury concentrations were found between the reservoirs and
between sampling dates within each reservoir. Despite the low mercury levels
in water and sediment, mercury in fish over 4 years oid tested above the FDA
Timit of 1.0 ppm. More than 90% of the mercury was organic mercury in all
fish. Mercury in lateral muscle did not differ significantly between

smallmouth bass in Dwyhee Reservoir and largemouth bass in Eutiage Grove

1
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Re;ervoir. We conclude that although ecoregion parameters alone do not
expiain mercury dynamics, they may inficence the methylation rate in areas of
similar loading rates. Futire work should consider multiple Fish species and
examine within ecoregion variability in lakes with different histories of |
mercury occurrenceé i their watersheds. {§upported by USEPA, grant S-
000357/01}. | -
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INTRODUCTIGN

Mercury is 2 ubiquitous meta?. occurring in different concentrations in the
soil, rocks, air and water throughout the werid, Elevated concentrations of
mercury in surface water can be derived from many saurcas; including aatural
processes and anthropogenic losses. Natural processes indude:vo]’canic and
atmpspheric depoasition, &egassing, and surface runoff and erosion of
‘mercuric seils; anthropogenic sources include mercury mining and processing,
processing of gold and silver ores, energy related activfti.'es, pesticide
application, chloro-alkali operztions, and smeller emissions from other

industrial processes (Andren and Nriagu, 1879).

Methylmercury {MM) concentrations in some Oregon reservoir fish exceed the
1.0 ppm U.S. Food and Drug Administration }imit for man consumption {DEQ,.
pérs comm.: Worcester, 1979; Lowe et al., 1985). The goal of this pruject_
was to identify abiotic and biotic factors contributing to accumulztion of
M4 in Tish tissua in three Oregon reservoirs in differfent ecoregions. The
specific objectives were to identify probable sources of mercury in the
reservoir systems and parameters affecting M® dynamics and hidavaﬂai:ﬂitx,
and to examine the extent to which ecoregithewe] parameters influence MM
dynamics in these reservoir systems. An ecoregion is defimed as an arsz in
which within-region variation is less than betwsen-region va:jiation {Gailant
et al., 198%). While ecoregions can be distinguished based on zlmost any
physi:egeogfraphica! feature, a common suite of parameters is land surface

form, potential natural vegetation, Tand use and soil characteristics

3
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{Omernik, 1986). Limnological and biological features of aquatic scosystems

are largely determined by these broad-scale parameters.

Ecoregion phénomena directly and indirectly inﬁuence the dynamics of
cnmpdunds in the eaviromment. HMineral cm;lpositiou of sofls and Tand use¢
practices withén 'a watershéd have ﬁa.jor impacts on mercury Yeading rates.
Indirectly, the physical, chemizgai, and biolegical features of an ;quatic
system influence mercury dyna;:lics (Hakanson, 1980; Akielaszek and Haines,
1981). Given these chservations, an ecore;iun approach to mercury dynamics
“and bicaccumulation seems to be an approprizte model. We have devaloped
this mdé? with the assumptions that mercury-bardens in the reservoirs are - |
largely 'deﬁved from their watersheds and that mercury hioaccumlhti’cn by .
fish is generally related to the cancentratfon of total bisavailabie MN.

- To iwe;:tigate the validity of an ecoregion approach, we examined both
qualitative and quantitative ecoregion parameters as they relate to mercury
concentratians §n water, sed‘imgnt and fish. The gualitative parameters are
those which define ecaregions (Jand surface form, potential hatu‘r‘a‘l ‘
vegei_:ation, land use and soils). The quantitative parameters exarined were
pH, conductivity, hardness and zlkal inify of the water column, and the clay
and organic matter comtent of the sediment. In addition, characteristics of
the specific drainage basins were compared; these include basin area,
relief, annual precipitaﬁon and land uses. Limnological features of each
reservoir were also considered. The interactions between mercury

concentrations in sediment and MM in fish were also investigated.:
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SITE DESCRIPTION

Cottage Grove, Owyhee and Ochoco reservoirs are located in threé distinct
'ecor_e:gion's (Fig. 1}. Drainage basin and Yimmological characteristics of the
study reservoirs were_cnmﬁarad to éther— reservoirs within the ezoregions
{Johnson ef al., 1585) and were considered representative— of reservoirs of
similar size iiﬂthin the ecuregiﬁns; The specific characteristics of each

drainage basin are summarized in Table 1.

GesTogy

. The geology of 271 three areas is characterized by a combination of
sedimentary and-volcanic formations. The area surrounding Cottage Grove
reservoir is older Cenozoic marine ahd.: estuarine sedimentary ﬁeposité with
minor amounts of volcanic elements; the Ochoco area predominantly contzins
mgtasedimen'tary and matavoica_ni ¢ formations; and the Owrhee region is a

mixture of deposits of sedimentary and veolcanic origin (Baldwin, 1976).

Geothsrmal activity is high in the Owvhes area, moderate in the Ochoco ares,
and virtually imdetectable in the Cottage ﬁi‘nve ba—sin._ Therefore, the
potential contributien of gesthermal venting te mercury loading is 1ikely t:u
vary accordingty among the three reservoirs based on the differences in

geothermal activity,

——
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- different ecoregions. Compiled from : Baldwin, 1976.
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Table 1 -~ Drazinage besin- characteristics

'Co.t.tage Grove Ochoco Dwyhee

" Drainage basin area (k) 257 . 288 11,3160
Annual Precipitation {(cm) 122-157 43-84 25-84
Land use (% total area) ' ' |

Forest - - 9.5 73.8 0.5

Range 1.0 21.3 3.2
Surface area {ha) 451 388 - 3525
Average depth (m) | 9 © 8.4 246
‘Shoal area (%) 17 - 28 ’ 4
Retention time ‘ 2 mo . 5m 1.7 yr
oH B 7T B.4 8.4
Conductivity (pmhos/cm) 8 : 197 | 160
Sulphide (S0, wg/1) 1.2 3.9 RiNa
Dissolved oxygen (mg/7) ' 7.2 - 8.3
Trophic status ~ mesotrophic eutrophic eu-trﬁphic

Compiled from: Johmson. et al., I1985.
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While mercury most frequ?nt'ly oeccurs as deposits in rock fractures and

‘veins, it may also be found in 'ISw- concentraﬁi-ons in other gfao'lugic
formations. Im the Owyhee Riwver area, mercury is commonly found as an
anomaly, present in 12 of 23 random outcrop rock-chip samples where
concentrations averuged _0.3 ppm [Gray et al., 1983]).

Historical Niming Practices

Extensive mercury mining was performed in all three areas (Fig. 2}. As.i.s
itru;far- all mercury mines in the state, production octurred primari]y‘frém“
the late 1800s until 1950, with peak production mincidiﬁg with war years.
Since 1950 the incraased Korean mercury production and the- surplus from war
years have saturated the mercury market a&& decre‘a.sed prices such that

Orégon mines have ceased productian (ank#, 1871).

' The second largest mercury mine in Oregon, Black Butte Mime, is Tocated 2
miles southr of Cottage Grove Reservoir, within the drzinage basin {Brooks,
1871). Active intermittentl y from 1882 to 196_6, this mine produced 18,156
flasks (Brooks, 2971). The ore in this area has been Yow-grade,

" approximately 0.175% by weight {B'r-paks, 1871}, AYthough there are no
mercury mines fn Oregon in the Owyhee basin, Brnoksf (1971) repa:?ted that one
'of the 1eading nationzl mercury producing uEizl;es in the :nun-tryAis in the
Nevada section of the drainsge basin. This could not be confirmed.by maps

of mercury occurrences in Kevada (see Lawrence and Wilson, 1962).
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Mercury in the Dwyhee basin may be derived from its use in gold and silver
e:;tractinn. Extensive gold and silver mining took place in the Jordan Creek
region of Ouyhee basin between 1860 and 1920 (Hill, 1573). Mercury used in
the amatgamation process can be lost to the environment through inefficient
recovery after distiilation. It has been estimated thaﬁ. 75 pounds of
mercury were lost daily during mining vears #n Idahe (Hi11, 1973).

Mercury producticn in Ochoca basin has been from several small mines, dué to
the discontinuous faulting in this region (Brooks, 1971). Prior to 1943,
thg four mines in the.ochucb basin {Byram-Oscar, Staley, Champion, and

TayYor Ranch) collectively produced 857 flasks (Brooks, 1571).

NETHODS
Field Sampling
Two or three sites were sampled for water and sediment at each reservoir,

depending on the reservoir size and water level (Fig. 3). Mater and

sediment sampies were collected in September 1989, and Juns and September,

1980, and sediment oniy in September 1992. Water samples were collected 0.5

m from the surface in 11 polyethylene battles, pre-wished with HNG,. Core
sediment samples were obtained using.a 1" ¢ PVC pipe. The uppermost 5 cm of

" the cora was transfefred into a pyrex piate, mixed and placed in 250 ml

polyethylene bottles, pre-washed with HNO;. A1l samples were frozen .
immedistely, and stored frozen until subsequent analysis. The following
parameters were also measured at each site: water pH (Orion Model 250 pH
met-ér-), conductivity, and dissolved oxygen {Winkler method).

10
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" Fish were collected by electroshocking in cooperation with the Oregon
Dapartment of Environmental Quality in September and October, 1990, or by
anQ‘Hng in September and Ogtober of 1852. Fish were fitleted in the field,

and fillets {with skin) were immediately frozen and stored frozen.
Chemical Analyses

- Total mercury in water: Total mercury concentration ia water was determined
-using cold v-a;pbr atomic absorption according to the procedure in Standard
"He-ti;ods for the Examinatjon of Water and Wastewater. A 10D-m} volume of
each sample was transferred to a 250 ml Erlenmeyer flask, to which 5 m}
concentrated K,50, and 2.5 m1 concentrated HMO., and 15 ml of 5% KMnQ, were
added. After fifteen minutes B ml of 5% K,S,0p was added to each sample, and
the flasks were heated in a 95°C water bat'h for 2 hours, The samples were
cooled to room temperature, transferred to 250 wl gas-scrubbing reaction
, ﬂésks, treated with 8 »l of 24% HaCl-hydroxylamine sulfate to reduce excess
* Kano, . Imeéia-te}fr following the addition of 5 wl 10% SaCl, im dilute Hel,
 the flasks were supplied with flow-through nitrogen gas {2 1/min}. Mercury
" vapor was passe& through a Coleman Model 50 mercury amalyzer (Perkin-Elmer
Co., Maywood, IL), connected to a Micrescribe 4500 recorder set at 5 mV. .
" (The Recorder Company, $San Marcos, TX). Peak arsa was calculated as height
X width at half-height. Unknowns were determined usimg a standard curve,
based on RgCl, in HNG, (0.25 - 1.0 pg/1). Hore than 75% of water samples

were analyzed in duplicate.

12
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Total mercury in sediment: Sediment samples were analyzed follawing the

methods outlined iﬁ Buhler et al. (1984). After initial preparation 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 60°C oven {approxX. 96 h). Samples were crushed using a ceramic mortar and.
pestle, and passed through a I mm mesh screen. Particles that did not pass
through the screen were pulverized a second time, and screened. Any
remaining material was discarded. Subsampies (8.5 - 1.5 g) were weighed and
transferred to glass 250 m! BOD bottles, to which 5 ml deionizad K,0 and 5 ml
agquR regia (3 vol. comc, HC1: 1 vol. conc HNO,) were added. Samples were
placed tn a 95°C water bath. After two minutes, 50 ml deionized H,0 and 50.
hl Eﬁ'KHnO‘ were added to each sample. Samples were digested_iﬁ‘the water
bath for 30 min, and tooled to room temperature. . Because of the strong HCY
fumes released during the heating, the water bath was placed in a hood.
Fifteen min before analysis, samples were treaﬁed with 50 ml deiomized H0
and B ml 24% HaCT-hydrnxy?amineFénd placed in a hood to allow the evolved

" oxygen gas to escape. Samples were transferred to the 250 m1 reaction
flasks used for water analysis, and analyzed in the same manner. Ga-s flow

was set at 1.5 1/min. ~Recorder sensitivity was set at 20 aV.

Sedﬁmént mercury c&ncentrations were determined bzsed on a standard curve of
HgCl, in HNO, (0.05 - 0.80 pg). The accuracy of -the standard curve and
Eecovery efficiency was tested.using:raference maierial from the Kational
Institute of Standards and Technology. Most samples (>75%) were analyzed in
duplicate. - A

13
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M Imercury in sediment: Sédi'm@ent samples were analyzed.for MY by gas
ct;mmatography using a modification of the muTti-stage extraction and
concentration procedure developed by Uthe et al. (1972). Th‘e modified
technigue for sediment is outlined by Furutani and Rudd (1980).

Two aliquots of wet sediment (approximately 1 g) were weighed to the nearest
0.001 g. One set of samples was dried to a constant weight in a 60°C oven

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

. a dry weight basis.

The second set of samples were transferred to 50 m) centrifuge vials., Two

ml of 0.5K CuS0, and 10 w1 of 3% NaBr in 22% conc. H,S0, were added to the

samples. After shaking vigorously for tws minutes, samp’ées_iere centrifuged
for & min and transferred to 60 ml glass sa;:arat{;ry funneis. Twenty ol of
toluene were added and samples were shaken for three ﬁﬁ.n. Following removal
of the aqueous phase, the toluene phase was treated with ! g anhydrous NaSO,
and decanted into a 50 ml erlermeyer flask and further dried with 0.5 g
anhiydrous HaSO,. A 10 mT sample of the extract was transferred {0 a clean
separatory funnel, and 5 ml nf‘ 0.0825 ¥ bl:xzszlﬂ3 in 20% ef.hanoT was added.
Aft_er shaking and standing, 3 ml of the jower aqueous phase wis collected
into a calibrated, glass-stoppered centrifuge tube, to which 1 ml of 3M KI
and 1 ml hexane were added.

Subsamples (6 g1) were injected into a Hewlett-Packard 5700 gas
chromatograph equipped with a “Ri electron capture detector. The column was
packed with 7% Carbowax 20M on Chromosorb W, acid-washed DMCS-ireated.

14
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Afgon/methane gas was' supplied at 50 uﬂ)min, and 6L attenuation was set at 2
m¥. The operating tempergtures for the column and detector were 175°C and
Z00°C respectively. The Hicroscribe recorder was set at 1 oV, and 1 cn/min. ‘
Peak arsa was calculated by height times width at haif-height. Unknowns
were compared to standards prepared from methylmercuric chloride in hexane '
(6-20 ng).

Total and organic mercury in fish: Mercory concentration in fish muscle was
determined using a hot-base digestion followed by cold wvapor atomic )
absorption. Fillet samples -[1--2 g) were placed in scfew-tcp_ test tubes, t.o‘
which 2 m¥ 10N NaOH was added. Semples were then heated for 30 min in a
h_eaf. block {95*C) and 7coo’1 ed to room temperature. One percent Mzl {8 ml)

was added to each sample.

Total mercury was determined by placing I ml subsample in a reaction flask
along with 3 ml 1% KaCl, 1 mi 1% cysteine, 4 drops octanol, and 1 ml 50%

' snCl, and 10% CdC‘!}_ in 4 N HCY, Inorganic mercury wes determined by adding I
m) of 50% SaCl, in place of the SnC‘lz; €dCl, solution. The flask opening was.
‘“then covered with a septum, through which 4 m1 10K RaOH was injected by
syringe. After thirty seconds, N gas wes supp]%éd at 1.5 Y/min. 'The
recorder wes ‘seat.at Sm¥. Standards were prepared as Hg in HNC, (10-100
pg/ml), prepared from 3 commercially aveileble standard (1000 ppm, Johmson &
Mathey, Seabrook, NH). ‘ﬁrganic percury was calculzted as the difference of

totzl and inorganic mercury.
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Additional analyses

K11 water samples were analyzed in the lab for hardness, f&'l'lnwing the

1.

Em’& titrimstric method in Standard Methods for the Examination of
Water and Wastewater {1985).

2. A1l sediment samples were analyzed for percent volatile selids by éried'
sediments in a 600°C muffle furnace for 4 hours, after Buhler et al.
(1984). ‘

3. ‘Sedimﬂ.nt physical characters Si‘_iCS" were performed by hydrometer method”
by the OSU Soil Physics Laboratory.

4. Sediment samples from 8/60 were sent to the U.S. Bureau of Hines

B (Albany, OR) for determination of cimhabar content.

RESULTS

Mercury in water

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

reservoir, Results of the TimnoTogical and sediment analyses are summarized

in Table 2. Nercury was detected in 25%, 6%, and 15% of Cottage Grove,

QOchoco, and Owyhee unfiltered water samples vespactively, UDifferences in

‘mean total mercury concentratien in water among reservoirs were not

statisticaliy significant (p=0.05).
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Tabte 2. Water chemistry and sediment parameters

Parameter Cottage Grove Ochoco " * Dwyhee
Water (n=12) (n=12) | (nﬂZ]
 pH . 7.70° - 8.53" 8.42"
Dissalved oxygen(mg/1) g8.20° 7.8* 7.28%
Conductivity (gmhos) 56° 280 254¢
Mardness {mg CaCoy/1) 39+ T L 12
Hg {pg/1} 0.78 £ 0.40 0.17 £ 0.10 0.37 % 0'_30
Sediment ~ (n=24) (n=24) (r=32)
Soi?' texture “sand-sandy "clay-clay "sandy loam -
| l:oam‘ 10am clay loam
Clay content {%) 1017, 34253 12 +9
Carbon’ content. (%) 7.11 £ 0.63% 5.71 £ 0.4®™  5.16% 0.42°
Total Hg {ug/g) 0.84 £ 0.2 1.0 0.2 1.4 £ 0.3
Fine grain Hg™ (wa/g) 0.28 £ 0.07° 0.14 £ 0.02° 8.11¢ 0.01°

Owyhee Heservoir(n=3).

Vzlues are presented are the mean or mean ¢ st-mdard erTor.
All sediment values are presented on 2 dry weight basis.
Superscripts designate significant differences at p=0.0S.

S0i1 texture was determined by hydrometer analysis on the >2 mm
fraction of 800 g samples. Cottage Grove and Othoco reservoirs{ne=2], -

Fine grain sediment was defined as the fraction <} mam in diameter.

——

17

00049



KMercury in sediment )
Tl;e highest fine-grain sediment mercury level was associated with Cottage
Grove Reservoir {0.2B £ 0.07), which was significantly &iffe'r_ent from achncq
© {0.14z 6.02) and Owyhee (0.1} % 0.01) reservoirs values {Fig. 4). This .
finding, hoﬁever, is largely aftributab'le to the high mercury tevels found
at both sites in the Septembér‘lQBs samples. To confirm the observation
that 1989 jevels were higher than the other two dates, particularly for
Cattage Srove Reservoir, 1988 samples were reanalyzed in 2 mixe{j hatch with
sémp'les from 1ater dates; the vesults were comsistent :nit'h previous
'anah‘rsas. Methyimercury was detected in sediment from all three reservairs,
but not in'every sample (& of 1% samples analyzed). The average percent of

total Hg was 1.5%; the maximum [4.20%) was from Cottage Grove reserveir.

Sediment mercury concentrations did not significaﬁt’l y correlate with organic
_content (% volatile solids, WS) for any of the reservoirs. Organic content
(PVS) exhibited a seasomal patt&rn; modified by water Tevel fluctuations..
Higher organic content was observed in the fﬂ] samples than in the spring
| sampies for Cottage Grove R‘eurvqir, In Ochoce, this pattern was supersed_ed
by water level fluctuations. The water Jevel wzs unchanged between fall
1989 and sﬁri’nga 1990, and the sediment organdic content was similar for both
. dates. However, a 34-ft decline in water level between the June 1990 and
September 1990 sampling dates resulted in 2 higher percent grganic i:mtent
associated w:itﬁ the Tow water level {7.4% vs. 5.1%). Organsic matter in

Owyhee Reservoir sédiment was consistently between §.6% and 5.B%.
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Mercury values were more influenced by sampling date than organi¢ content,
_s‘uggesting the importance of parameters other than organic content.

| Sedtment mercury levels in Owyhee anﬂ Ochoto reserveirs ueré consistent for
- 211 four sampling dates. In Cottage Grove Reservoir, the fall 1989 sediment
sampies had statistically higher mercury levels than fall 1990 samples,
despite no change in organic content. This information, combined with the
ohservation that levels of Hg in pulk, unfiltered sediment was an order of
maﬁzn‘tude higher than in fine grain sediment, suggests that most Hg is not.
associated with the organic matter in the sediment, but is pruobably bound to

" saYphur as cinnabar.

Nercary in Fish

Sniﬂ'imoath bass (Mfcropterus dolomien) from Mhee. targemouth bass
(Nicropterus salmoides) from Cottage Grove, and rainbow trout {Salme
gairdperi) from Ochoco were anelyzed for total and organic mercury content
in Tateral fillets, Five year oid Dwyhee Reserveir 'Cr"xttage Grove Reserveir
bass exceeded the United States FOA 1im$t for human consumption (1.0 uu/fg
wet weight) for commercially-caught fish (Fig, 5). Mercury concentrations in
fish from Owyhee and Cottage Grove reservoirs were not significantly
different from each cther, and both were higher than rainbow trout from
Dchoco Reservoir. Organic mercury comprised >90% of the total mercury in

&l cases in which both analyses were run on the same fish (n=11).

MM concentrztion in fish muscie increased with age for ba.ﬁs from Owyhee and
Cottage Grove reservairs (Fig. §). There was little or no bicaccumulation

of mercury between 2 and 3 years, followed by & Yinsar increase for

20

00042



2.5 " .

L] - Vo 4

BB Cottoge Grove— LM Bass
BX% Ochoco — RB Trout (3}
— 2.0 - V24 Owyhee — SM Boss 7
©
T . L
1.3} -
3 ) i
= 2
- |
< ;
“;. 1.0 + " ' -
% ]
= ) 7 7
- 7 7
, 7 7
g - CX o E22 o
: 3 e A P 7
' - B %! '
0.0 { ] X D8 EA
1 2 & 5

Age (years)

figure 5. Mercury concentration in Tish tissee by fish age for the three species
from the three reservoirs. Numbers in parentheses represent number of
fish sampled.

21



largemouth from Cottage Grove and smallmouth bass from Owyhee reservair.
Ai'l rainbow trout from Ochoce reserveir contained Jess than 0.5 ppm MM and

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

Bercury in water

Surface water concentrations of mercury in areas with mercury deposits, such
as the Pacific Northwest, may be cnﬁsiderab'iy bigher than greas t}itzmut
‘natural deposits. In lakes where the only significant source of Hg is
atmospheric transport, mean surface water Hg concentrations are 0.07 pg/t
(Sorensen et al. 19%0}. Sampling of the Columbia and Willamette rivers in
19-7‘0-?1 yielded mercury cnm:'eniraﬁnns between 1-35 pg/1 for fi thergd watars
(Jenne 1973}, indicating the presénce of mercury 'sources. Onr_reths
indicate an elevated frequency (6-26% of unfiltered samples) and magnitude
{0.12-1.0 pg/Y for samples abowve the detection 1imit} of surface water
contaminat{on above background 'Teve‘ﬁ derived from atmospheric deposition.
Thus, atmespheric inputs alone probably do not account for the mercury
concentrations in Cottage Grove, Dchoco and Owyhee surface waters. The
large range of coﬁcentratioa values (0.12 - 1.0 pg/1) suggests that the
highest concemtrations of mercury are probably found in the particulate
_fraction. This is consistent with results in which mercury in unfiltered
water was <0.04 pg/1, while suspended matter in the stream after a storm
event had 2 meximum value of 0.61 mg/ kg Fg (Lacer&a. et al. 1891). This does

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

biota as dissolved inorganic mercury or MM (Stokes and Wren 1987).

Kercury in sediment ‘

Mercury was routinely detected in sedin#ent from a1l three veservoirs. Mean
mercury icurscezntratiuns for all three lakes were higher than those reported
for pumerous other lak# §n the Northwest and elsewhere {25 reviewsd by
Phillips et al. 1887}. -Bifferences in sediine_nt mercury concentrations are
mnst Tikely due to variations in loading rates and patterns from the
grainage basins as atﬁ:nspheric transport zlone do not account for thé
observed mercury leveis. Factors that aFfect 1ozding rates include the
quantity of available mercury as natural deposits or m'h’ing waste, and
s;ﬁimant transport rates, Sediment transport rates are, in twrn, affected
by. geclogical, climatological and physfographical forces, In this study the
guantity of available mercury in the drainage basin seems to be more
influential than sediment transport rates. Ongeing research on mercury
concentrations in stream sediments flowing into Cottage Grove Reservoir is

expectéd to provide additiona) information on sediment transport of mercury.

Drainage basin area was not a significant determinant in sediment mercury
concentrations. This is evidenced by the fact that éesﬁifte the compzrative
enormity of the Owyhee drainage basin, it did not have elevated mercury
Toads relative to the nthver t\m systems. Based on overall re'l‘ief of the
basins, we wourld exﬁect sediment transpor't‘rates to be -highest in the Owjhee
area because of the steep relief, relatively barren vegetstion, and

erosional force of extensive snowmalt. The amount and cycle of annual
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precipitation and flooding events alse affect sediment transport (Lacerda et
al. 198D}, Preﬁipitatioﬁ in the Owyhee areaz is primarily snow {Johnson et
al. 1985). Sparse vegetation and the timing of the soow melt produce
conditions 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 VYalley ecor‘egiana mayexert a greater
influence on relative Toading rates. The difference between sediment
mercary concentrations in tuttag& Grove Reservoir between Fall sampl ’mgsA in
1983, 1990 and 1992 may relate te timing of storm events. Locé1 fiooding,
resuiting in a surge of mercury and other m'atéria'ls. into reservoirs, may
enhance bioaccumilation. Phillips et al. (1987} found that MM
concentrations in northern pike were significantly 'higher in a year
foliowing & severe flood compared to previous or succepding years {PhilVips
et al. 1987). One explanation is higher methylation rates in fiooded
shorelines and nearshore se&iments (Ramlal et al. 188, Johnston et al.
1991). | ‘ ’

Land use patterns may also play a role in Jetennin‘ing the behavior of
mermiry in reserveir éystems. Plant biomass has been reported to be'
positively correlated with mercury concentration in areas where mercury i’s
pradaminantliy of étmospher'ic origin (Sorensen et al. 1990). Land usse
patterns 2¥so influence the rate of transport to surfice waters and movement
within reservoirs. Unfortunately, the relative enhancement of ercsional

" forces from forest clearing, agricultural irrigation, and range practices
are not known for these areas. However, bzsed om slope and vegetational

- cover we would expect erosion to be highest in Owyhee Reservoir.
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Thus, our observation that cinnabar in sediment was highest in Owyhee
Reservoir is con‘sister;t with expectations based on sediment ‘transport rates.
" Me also suspect that the available reserves within the thfee resgivair
systems are very different, aﬁd -that this also influences sediment mercurjr.

concentrations.

Mercury burdens in all three reservoirs are most likely derived from natural
mercury deposits axacerbated by past-mercury, -ge'ld an_f.' sitver mining in the
{drainage basins. The relative size and mining eFfort of the Black Butte
Mine in the headwaters of ﬁuttage Srove Reservoir may explain the elevated
sediment mercury ;oncentrationé... This mine producéd 25 times more mercury
than all the mines in the Ochoco District combined (Brooks 1871}.

The di H"‘xtse di sth‘butian of mercury in Owyhes Reservnjir is cm_zsistent with a
distant mercury source. Mercury in the Owyhee basin may be derived from its
use in gold and silver extraction. Mercury levels in géld mining tﬁ'f'ing
V piles can be as high as 5 mg/kg (Lacerda et 21. 199D}. Extensive gold and
silver wining took place in the Jordan Creek region -of Owyhee basin between
1860 and 1820; it has been estimated that 76 pounds of mercury were Jost
daily dum‘ng_mining years in ldaho (ﬂﬂ'l 1873). Geothermal releases of
mercury may alsoe be a significaﬁt and persistent source of mercury (Eisler
1987, Nriagu 1979). This may ba important in Owyhee Reservoir given the
high level of geo,themgi activity in southeastern Oregon. '
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Rercury in figh ]

C:}‘ncéntratio&s of MM in fish muscle were well above background tevels, as
calculated by Hikanson et al. (1990). The range of MH in Cottage Srove -
Reservoir largemouth bass {0.22-1.79 pg/q) overlaps the range reported by
Worcester (1979), saggestir;g that'mercury contamination j'n Cottage Grove
Raservoir ha.s neither increased nor dissipated. _(}f five species examined
for mercury concentrations im past efforts, the highest values were observed
in largemputh bass (Worcester 1979).. Other species amalyzed were chinnok .

salmon, cutthroat, rainbow trout and brown bullhead.

Smalimouth bass from Owyhee Reservoir from this sampling effort aﬁso have MM
burdens within the fange ,oF'past investigations. According to the dreﬁcﬁ ‘
Department of Environmental Juality, MM concentrations in smallmouth 'b_ass
sampied in 1987-89 tanged between 0.66 and I.@'@/g (based on edible
ﬂesﬁ}; these levels were higher than those of carp and black crappie.

- Largemputh bass and cha.-;mel catfish hiad similar MM concentrations as |

sma) bmouth bass.

MM comcentrations in rainbow trout from Ochoco Reservoir were sigﬁficant'!y
lower than fish from Cotiage Grove or Owyhee reservoirs. Since the sediment
mErcury ieve'ts were not significantly different from the other twp
reservoirs, this may reflect species differences in uptake or |
bioaccm}atim. This is consistent with the findings of Her;cEster {1879)

within Cottage Grove Reservoir.
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Several studies_@ave examined the importance of drainage basin size.

McMurty et al. {198§} observed 2 positive correlation betweeh M¥ in _
smallmouth bass tissue and watershed and lake area. Suns and Hitchin {IQQG)
2lsp found a positive correlation Between drainage basin area/lake volume
and M4 in yellow perch, suggesting that watershed inputs are important.
However, Weiner et al. (19905) report that drainage basin area/lake volume
was not & significant variable to explain MM in walleyes. Thus, it appears
‘that this relationship is valid only where'mercury_inputs are approximztely

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

‘Factors affecting biozccumylation .
Sedimentation Eates and mercnry'inﬁuts alone ma& not explain observed Tevels
in fish. Hicrvbial_mercuty methylation in sediment and water is considered
te be an important determinant in the rate cf-biéaccumulatinnvby fish {for
example, Hakanson 1980, Lindberg et al. 1987, Stokes and Wren 1987).
Conditfons that ipfluence methylation inciude pH, redox potential, organic
.substrate and temperature (Beijer and Jernelov 1579).. In addition, we
suspect that mercury in fine-grain sediment fs.mure ea2sfly methylated by
micrparganisms than mercury bound to sulphur as ciansbar. If this. is true,
then Cottage Grove Reservoir has the highest levels ﬁf 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 zs mercury inputs, fish spectes or age. Klein (1873)

sugée-sts that organic materi al may contrel mercury distribution.
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Corresponding to §re&ter micrebial density and available gnergy, high

organic content stimulates MM production (Jackson and Woychuk 1980),

Several water chemistry parameters {conductivity, turbidity, total diésu?ved
solids, pH, temperature and trophic state (reviewsd by Lindberg et al. 19#7)
also influence the availabitity of MK in surface waters and uptake by fish.
Favorable conditions for MM accunilation are reviewed in Table 3.
Furtﬁemre, thg rela‘c%ansh'lﬁ between water 'chmi'stry- parameters and 7
bioaccumulation by fish may not be the same f&r all fish species. {McMurty et
al ."19’89, Wren et al. 1991}. |

" The conductivity in Cottage Grove Reservoir was significantly Tower than
that of Ochoco or Owyhee, which may exacerbate the mercury problem -.n this
reservoir. For 13 Eanaéian-1akes.’cnﬂdu:tivitf a*p]ained 54% of the total
variation in MM concentrations in the crayfish (A1lard and 'ﬁtok&s 198%). A
negative correlation between conductivity and ¥ in Fish muscle has also '

been reported by Wrea et 1. (19%1).

The effect of pH on accumulation of MM in. fish has been e,-xtensivefy‘studi'éd
_(Jeme'lev and Asell 1975, Schlinder et al 1980, Beijer and Jernalov 1579,
Phillips et al. 1987, Stokes and >Hren 1987, Wetper et al. }980b, Wren et al.
1991), a1though the driving mechanisms are still debated (Richman et 2l.
1888). Mpst studies in acidic likes repert an inverse correlation between
pH and MM in fish (Sorensen et al. 1990, Weiner et 2l. 1930a, Grieb et al.
1898, Suns and Hitchin 1990, Hikanson et a'i». 1990} . However, this

‘relationship is less consistent in alkaline lakes. Rates of MM uptake in
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Table-3. Conditions Ffavorable to mercury bicaccumuiation

Hydroloaic Mater chamistry
slow fiow low conductivity
frequent flooding - ‘high disselved organics
recent impoumdment . PH <6.0 or >8.5

high temperature

Life bistory factors

mi{idly oxidizing environment large size
Tow clay content Ebng 1ife span

high organic content high trophic position

Tow level of complexing agents

29
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fish were positively correlated with pH in reservoirs of pH between 8 and 9
in the Upper Missouri River basin (Phillips et al. 1987). The pH of all
three Oregon reserveirs is between 7.7 and 8.6, and thus fa’t"l into a range
in which the relationship to mercery/MM dynamics is unclear. The _
significantly lowar pH &t Cottage Grove may enhance MY #vaﬁabﬂity aﬁd

bioaccumuiation.

- K11 three ressrvnirs are classified as mesotrophic or eutrophic. The effect

of limnological trophic state has also nmot yet been clearly established

' (Hakanson 1980, Lindberg et al. 1987, Richman et al. 1988). O%igotrophic
-lakes are thought to generally have lower methylation and uptake rates

because of the Jower density of methylating bacteria, lower energy
availability for metabolic activity and oxygen c:?nntratinns shove the
optimum for methylation (PRillips et al. 1987). . Conversely, methylatipn
rates should be higher :mdf;r eutrophic conditions; however, Akislaszek and

Haines (1981} argue that mathﬂ ation rates are higher in otigotrophic

conditions based on greater 4mer~czzry availability because there is Tess

erganic matter for mercury compiexation.

* Food web structure and the pesition of a given species in the foodweb

influences the biocaccumulation of M¥ because diet cam be z significant
syposure voute., The percent of accumulated mercury from foad varies .with
species. MM is the mﬂj metal for which bicaccumulation is widely documented
(LindbSerg et al. 1987}._ Phillips et al. (1580) showed that piscivorous fish
accumuylate HH faster tl_‘ian those eating plankton. A1l 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 {Scott and Crossman
1873}. The lower levels of H¥ in rainbow trout in Ochoco Reservoir by age
may reflect a relatively greater comtribution of insects and crustaceans to
rainbow trout dist than bass, as well as differences in mercury/MM dynamics .

between reservoirs.

CORCLUSIONS

If mercury inputs were similar to &ll three reservoirs and water chamiétry
parameters were the most important determinant, then we would axpect MM
hina:cumu't_atinn in fish to be highest in Cottage Grove Reserveir. The pH,
conductivity and hardness of this reservnir are significantly Yower than the
other two reservoirs, A1l three of these factors have been reported to
favor MM bicaccumslation in Fish (Lindberg et al. 1987, McMurty et al. 1989,
. Allard and Stokes 1883). As the HM #omentraticms in fish from Coftage
Grove HReservoir were not significantly Kigher than Owyhee ;-ese-nm*ir based
on fish age, we believe that mercury dapusi%ts in the drainage basins and
sediment transport vrates are very different among the reservoirs, and that

these are the deminant influences on meércury/MM dynamics.

it is evident that M¥ bipaccumulation in fish represents z management
probles in E‘.at.tagé Grove and Owyhee reserveoirs. Despite the éenera'l pattern
of low mercury concentrations %n water and sediment, older fish have MM
burdens in mﬁ.sc]e tissue exuéding the U.5. Food and Drug Administration
1imit for human consumption. This supports the importance of methylation
.and bioaccumulation &s critica) determinants of MM levels in fish. The

jmportance of ecoregion paramsters in determining mercury/® dynamics in
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reservair systems with natyral and mined deposits and MM accumulation in
fish is overshadowed by differences in mercury deposits and mining
artivities. We intend to investigate the sources and transﬁnrt of mercury

in Cottage Grove Reseérvoir in a continuation of this study.
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AULERGIZ L. TULGI MBF..ly CUNCEALIELIONS TOr iNGTvigugt! SECIMENT SARpIes
collected from three Oregon reservoirs. Sites 1, 2 and 3 are Cottage Grove,
Ochoco ang Owyhee Reservoirs, respectively. Sampling sites for each reservoir
are as idemtified in the body of the report(Figure 33,

SITZE LOC bpuP MONTH YEAR UGG . SITE LOC DUP MONTH YEAH UG/
1 % 1 9 g2 004 3 2 | 6 80 082
¥ 1 2 8 o) 0.7 3 F . 2 [+ 83 0.023
1 1 3 g 92 013 3 2 z B 80 082
1 2 1 ] a2 02 3 2 3 8 80 oorz
1 2 2 ¢ sz 027 3 2 3 6 90 0.083
1 2 3 ] 82 Gis a 3 1 & B0 0033
2 1 1 g g2 042 3 3 2 6 80 Q.50
2 1 2 8 &2 0.08 a 3 3 5 80 0.05%
2 1 3 ) e 0.1t i 1 1 & 80 0.080
2 2 1 o 22 Q1 1 1 2 § S0 0.030
2 2 2 § ‘gz 014 1 1 2 & 80 Q.50
-4 .2 a [} 92 008 1 1 3 5 30 0047
3 1 1 9 o2 007 : 1 2 1 & 80 0046
a 1 2 9 g2 004 - 1 2 1 & 80 oosn
3 % .3 8 82 Ot ' 1 2 2 [ 80 0081
- B 2 1 g g2 0.8 1 2 3 & 80 0.113
3 -4 ) 8 B2 018 -4 1 1 3 oC 0.085
3 2 3 .8 % 016 2 1 2 6 90 0.095
3 3 1 9 9z 807 2 1 3 6 ® 0917
3 3 2 2 Sz 004 2 2 1 & 8 oow
3 3 3 ® 92 004 2. 2 1 6§ =0 0153
a 1 1 9 9 0.0m8 2 2 2 & 80 0.032
3 1 2 g 80 0056 2 2 a & 80 0.085
3 3 g 80 0088 2 2 3 & 9 0101
3 F-4 1 g oD o085 3 ) 1 g 89 0.f71
3 2 2 & 80 00%3 ] 2 1 g 88 Q085
3 2 2 5 B0 0035 3 2. 2 8 89 0.108
3 2 3 - 80 GLGET7 3 5 3 -] BD 9,188
3 3 1 - 80 0060 1 a 1 & 8o oz7
3 3 2 g 80 0OS5 1 - 2 9 B9 0682
3 3 3 g 80 0086 1 2 3 2] 8¢ DEep
1 1 1 g 25 -0.008 -2 2 1 5 89 D119
1 1 2 g 90 0338 2 2 2 g 83 04079
1 1 -3 & 80 02353 P 2 3 g ES 0.118
1 1 3 2 S0 0.080
1 2 1 g o0 0040
1 2 2 g 350 D334
1 2 3 9 90 0408
2 2 2] g 82 0.084
2 2 2 ] sp 0319 .
2 2 .3 g S0 9.102
2 3 1 g 80 0055
2 3 2 g B0 0080
2 3 3 & o0 0077
3 i | Ui & 0 0053
3 1 2 5 80 0053
3 1 3 § 9 0056
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Sie Gpecies .  Year Sampieid Weight (g) Lenotn (n) Age ()  Hg (ulg we) Sites:.

1 1 1890 4 2 048 1=C. Gove
1 1 1990 1 3 p.44 2=0Ochoes
1 1 1990 5 3 oz : 3=Owyhee
1 1 7990 2. 4 1,49,
1 1 | 1850 3 5 1.79 Spacies: .
1 1 1e52 1 1585 B 2 0.42 1={arsemouth bass
] 1 1892 2 243.8 .25 3 0.64 2=Rainbow oL
1 1 1982 - 3 3123, 2 3 0.59 S=Smaiimouth bass
1 .1 1082 4 . 3085 115 3 a.re
1 1 1682 s 3785 12 4 Q42
1 % 1982 5 6377 125 4 0.3
| t 1932 7 598.2 i2.8 3 .47
2 2 1980 1 2 079
2 2 1992 1 T2.3 85 1 ¢.23
2 ] o2 2 2 &5 -4 n.23
2 2 1882 3 5.4 6 1 .42
.2 2 1992 4 168.3 9 3 0.28
2 2 1992 5 2082 - 954 2 0.265 -
2 2 1982 B 208 10 1 028
.2 2 1992 1 270 108 2. 0.9
2 2 1992 B8 3078 11.5 2 086
2 2 1592 ] 2788 1135 2 034 .
2 2 1632 10 3485 1s 2 025
e -] 1882 11 370.2 125 -2 023
z 2 T2 12 557.7 145 4 0:38
3 s 1950 2 2 075
3 3 o900 1. ] 085
3 3 1990 3 3 078’
a 3 1890 5 & 1.16
a - g 1990 a 5 o8
3 3 w2 1 4 0.8’
3 3 932 2 3 048
3 3 1582 & a 048
8- 3 ma2 & 3 0.63
a 3 ‘1892 5 4 0.57
3 a 1292 5 5 1.18
3 3 0 7 <} 061
3 3 1992 B’ ] .6
3 3 ta32 B 4  bBTs
3 a 1932 10 5 284

Lengt;h and weight data are not available for individual fish where columns
are blank. . ’ ‘
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- _ ABSTRACT

and L. R. Cm-ms. Department of Ftshenes and bh'ldhfa, Gregnn S:ata Unwevnty,
Corvallis, OR 97331

Thres Oregan reservoirs {Ochoca, Owyhes, and Cottage Grove) were evaluated for
envirgnmental parameters affecting mercury dynamcs and bivaczumulation in fish
using an - ecoregion approach. Ecoregions are distimguished by topography,
gesingy, soil type and composition and land use patterns. we examined pH,.
dissaived oxygen, hardness, conductivity and mercury concentration of the water,
and ccmplexmq agent Tleweis, volatile solid- content, finorganic and organic
mercury in sediments %o mercury in saveral fish species. mercury tnn:.ent.ratwns
in water were below detection (0.2 ppb) in most water .samples from the 3
reservairs., In samples above detection, it ts expected that mercury was
sredominantly in the particulate fractien, and thus not i& true solution.
Mercyry in sediment oczorred only in the inerganic state: methylemercury was
below detection (0.2 ppb) im B3% of 211 samples. Significant differences
(p=0.05) in sediment mercury concentraticss were found among the reservoirs and
among sampling dates within sach reservoir. Despite the Tow mercury levels in
water and sediment, marcury in fish over § years gld tested above the FDA limit
of 1.0 ppm. Mores than 95.3% of the mercury was found as organic mercury in all
fish. Mercury in Tateral muscle did not differ significantly between smalimouth
bass in Owyhee Reservoir and Targemouth bass in Cottige Grove Reservaoir. We
conclude that'although ecoregion parameters alone do. not expiain mercury
dyramics, they may influence the methylatian rate in areas of sunﬂar 1oading
rates. {Supported by USEPA, grant S-000397/01). :
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I. INTRODUCTION

Mercury is a ubiquitous metal, occurring in different concentrations in the
soil, rocks, air and water throughout the world. £Lievated concentrations of
mercury in surface water can be derived from many sources, includimg natural
procezses snd anthropogenic lasses., HNatural processss include volcanic and
atmospheric deposition, degassing, and surface runoff and erosion of -
mercuric soils; anthropogenic sources include mercury mining and processing,
energy related activities, pesticide applicatiom, chloro-alkali operations,
zgg §ma11er emissions from other industirial proeasses [Andren and Nriagu,
9 * ’ ’

Mercury levels in Oregor reservair Fizh have been found to exceed the 1.0

‘ppm H.S. Food and Orug Administration Vimit for husmn corsumption (DEQ, pers

comm.: Worcsster, 1979; Lows et al., 1885). The goal of this project was to
jdentify abiotic and Biotic factors comtributing to accumulation of mercury
in fish tissue in thrse Oregon reservoirs using an ecoregion approach. The
specific ohjestives were to identify probable sources of mercury in the
reservoir systems and parameters afTeciing mercury dynamics and
bisavailability, and o examine the extent to which ecoregien-lavel
parameters influence mercury dynamics in these reservoir systems.

An ecoregion is defined zs an ares in which with%nrregion varigtion is less
than batween-region variation (Gallant et al., 1989). While ecoregioms cazn
be distinguished based on z2lmest any physiogesgraphical featurs, § ¢ommen

"suite of parameters is iand swrface form, potential] natural vegetation, land

use aod s50i] characteristics (Omernik, 1986). Limnelogical and biologics]
features of aquatic ecosystems ars largely determined by thess broad-scile
parameters. i .

Ecoregien phenomena directly and indirectly influence the dynamics of
compeunds in the enviromment. Mineral composition of soils and land use
praciices within a watarshed have major impacts on mercury loading rates.
Indirectiy, the physical, chemical, and bislogical featores of an aquatic
sy;tTm infiuenge mercyry dynamics {Hakanson, 1380: Akielaszek and Haimes,
1988}, - ) .

Given these observations, an ecoregion gbpraach o mercury dynamics and

 bisaccumuiation saems to be an apprapriaie model. We have develaped this

mode] with the assumptions that mercury burdens in the reservoirs are
largely derived from their watersheds and that mercury bicactumulation by

“fish is generally reiated to the concentration of total mercury

{particularly methylmercury) that is biocavailable.

To investigate the validity of an ecoregion approach, we examined both
qualfitative ard quantitative ecoregion paramerers as they relate to mercury

- concentrations in water, sediment and fish. The qualitative parameters are

thosz which define ecoregions (iand surface form, potentizl natursl .
vegetation, land use and soils). The quantitative parameters examined were
pH, conductivity, hardness and alkalinity of the water celumm, and the c1=y-
and grganic matier comtent of the sediment. In addition, characteristics of
the specific drainage basins were compared; these inciude basin area.
relief, annual precipitation and land uses. Ulimnological Testures of each
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reservoir were also censidered., The inmteractions between mercury reserves
in water, sadiment and fish were zlso investigated.

11. SITE DESCRIPTION

-Cottage Grove, Owyhee and Ochoso reservoirs are located in three distinc:
ecoregions {(Fig. 1j. The attributes of each ecoregion are presented in
Table 1. Orainage basin and limnological characteristics of the study
reservoirs were compared to other reservoirs within the ecorzgions 2s
reported by Johnson et zl., 1385, and were considered to be representative
of reservoirs of sigilar size within the ecoregions. The spezific
characteristics of each driinage basin are summarized 'in Teble 2.

CASCADES

SASIN-RANGT

— b e m—— -0 — . S—— O m—

tersury Depnsit

-

Figure i} - Llocation of study areas and mercury deposits within the
- gifferent ecoregions. CLompiled from : 8aldwin. 1978,
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Talite | - q:nll.tativa.charactnﬂstic: of the three ecoregtons

Lani Surface Form

Land Use:

{€, Grove fles.)

Mains with hitls,
or open hills

las fir, mosaic of
Dregen oakwoods and

cropland with some

interspersicn af

fcaregion Potential Hatural Soils
Vegetation g »
Villamette Valley Cedar/hemlock/Dong- | Emphasis -an Yeric Molllsols,

I Vertisols, and
1 Alfisolc of

(0choco Res.) ]

sountains, chiange
in lacal relief can

. be 3000-3000 ft.

Elevatlon:
2700 - 10000 ft.

fir, western
pondarosa pine,

western spruce/flr, ‘
| Douglag fir

Annual :
precipltation:
10 - 20 {n.

woodland, grazed

- Elevalion: cedar/hemlock/Donn- | pastare, wood)and interior valleys .
16D - 2000 Ft. las Fir . and Farest: :
knnual
precipitation:
v - 40 in. .
lue Hountains Low to high apen Grand fir/Nouglas Farest and ] S0ils of eastern

interior
mountains,
Mollisols,
Inceptisals

Snake River Basin/
liigh Desert
. (Owyhee Res.)

Tahlelands wilh
anderale to bigh
relief, plains with

‘wills o low
 moinal ins

Elevation:
2500-9000 ft.

Sagebrush steppe

{sagebrush.wheat ~
grass), saltbush/
greaswood

Anmial
precipitation:.
8 - 12 in.

Nesert shrubYand,
qrazed '

| Aridsols, aridic

aollisols

wdapted frex; Omernik, J.H. and A.L. Gallant. 1986.
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Table 2 - Dréinage basin characteristics

{Cotiage Grove Ozhoco Owyhee

Drainage basin arsa (km’) 257 288 11,150
Annual Precipitation {cm) 1221587 . 43-84 25-64
Land use (% total zreaz) ' : ,

Forest . 8.3 73.8 - 0.5

Ringa - 1.0 - 21.3 - §3.2
Surface arez (ha) 481 388 5825
Average depth (m} 9 8.4 24.5
Shoal arez (%) 17 29 4
Retenticn time {moaths) F4 5 20
pH 1.7 . 8.4 . B.4
Conductivity (umhos/cm) 83 197 160
Sulphide {50, mg/1} ' 1.2 3.8 11.7
Dissolved ocxygen (ma/1) . 7.2 - 8.3
Trophic status mesotrephic eutrophic  eutrephic

Compiled from: Johnson et al., 1985.

A. Ganloamv

The ceology of a1) three areas is charscterized by a combipztion of
sedimentary and wvolcanic formations. The zreg surrounding (ottage Grove
resarvoir is oider Cenozoic marine and acstuarine sedimentary deposits with
minor azmounts of volcanic elements; the Ochoca srea predominantly contains
metasedimentary and metavoicanic rormations: and the Owyhee region is 3
mixture of deposits of sedimentary and velganic origin (Baldwin, 197%).

The geothermal conditions of the three arsas are shown in Fig. 2. - A

- Gagthermal activity is high in the Owyhee area, soderate in the Ochoce arez,
and virtually undetactable in the {ottage Grove basin, Therefore, the
potential contribution of geothermzl venting to mercury loading iz likely to
vary accordingly smong the three reservoirs besed on the differences in
geothermal activity.

while mercury most freguently occurs as depesits in rogk fractures and
veins, it mey &1s0 be found in low concentraiions in other geologic
farmations. In the Owyhee River area, mercury is ¢ommonly found 2¢ ao
anomaty, present in 12 af 23 random outcrop rock-chip samples (Gray et al..
1983)., Mercury concentrations aversged 0.3 ppm (Gray et al., L9€3).

4
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B. Historica) Minino Practices

Extensive marcury mining cccurrad in all thres arsaz,-zs shown in Fig. 1.

As 15 true for ail mersury mings in the state, production gccurrad primarily
{rom the lata 1BOO0s wtntil 1850, with peak srosuction coinciding with war
years, Since 1950 the increased Korean mercury production and the surplus
From war years have saturated the mercury miarket and decreassd prices such
that Oreaon mines have teesed sroduction (Brooks, 1971).

The second Targest mercury mime in Oregon, Black Buite Mine, is located 2
miles south of Cottage Grove Reserveir, within the drzinage basin (Brooks,
1871). Active intsrmittently from 1882 to 1368, this mine producsd 1B,1E58
flasks f{Brooks, 1971). The ore in this area has been low-grads,
approximately 0.175% by weight (Broeks, 1971}.

Mercury producfion in Ochoco basin has been from several small mines, due to
the discontinuous faulting in this region [Brooks, 1971). Prior to 1843,
the Tour mines in the Ochoco basin {Byram-Cscar, Staley, Champion, and
Taylor Ranch) collectively produced 857 flasks (Brooks, 15871).

Although there are no mercury mines in. Oregon in the Owyhee basin, Brooks
{1871} reported that one of the leading national mercury producing mines in
the country, is in the Nevada section of the drainzge basin. This could not
be confirmed by maps of mercury occurrences in Nevada (see Lawrence and
Wilsom, 1962).
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1T1. METHODS

A. Field Samniing

Two ar three sites ware samp!ed for water and sediment 3t sach reservoir,
depending an the reservoir siZe and water leve] {Fig. 4). Waker and
sediment samples were coliectad in September 1988, and June and September,
19580. .

Water sampias were collected 0.5 m from the surface in 1 L polyethylens
bottles, pre-rinsed with 10% HH Care sediment sampies were obtained using
a 1% d PYC pipe. The uppermast.: cm of the core was transferred into 2
pyrex piate, mixed and cgllected in 250 ml pelyethylene botiles, pre-rinsad
with 10% HNO;. A1l sampies were frozen immediately, and stored fruzen until
subsaquent analysis. .

The following parameters were also measured at each site: water pH (Orion
Model 250 pH meter}, conductivity, and disseived nxvgen {Wiakier method).

Fish were coilected by electroshocking in cunpera jon with the Oregon
Department of Envirommentzl Quality in September and Oztober, 1990, . Fish
~were filletad in the field, and Fillets (with skin} and 1iver samples were
immediztely frozen and s~ared frozen.

8, Chemica!l &n-a:'ws.es

i. ¥otzl mercurv in water: Total mercury concentration in water wes
getermined using coid vepor ailomic absorption sccorging to the procsdure in
Standard Methods for the Examination of Water and Wastewater. A 100-m}
volume of each sample was transfarred to a 250 =l Erlenmeyer fiask, o which
5 ml] concentrated H,50, and 2.5 ml concentrated HNQ,, and 15 ml of 3% KMnQ,
were added. After Tiftaen minutes B ml of 5% K SZO was added te zach
sample, and the flasks were heated in a 95°C water *sath for 2 bours. The
samples were cuo1ed to room temperdture, transferred to 250 ml1 gas- s-raob1na
reaction fiasks, treatad with 8 ml of 24% NaCl-hydroxylamine suifate t

reduce excess KMnO,. Immediatety following the addition of 5 ml Q% hnle in
dilute HCl, the flasks were supplied with flow-through nitrogen gas (2
T1/min}. Herfury vapor was passed through a Colemzn Hodel S0 mereury
zrnaiyzer {Perkin-flmer Co., Maywood, I[L}, connected to a Microscribe 43500
recorder set at 5 m¥. (The Recorder Company, San Marcos, TX). Peak arsz wes
celculatad 2s height X width at half-height. Unknowns wers determined csing
a2 stangard curve, bassed on HqC1, in HNGCy (0 25 - 1.0 ug/1} More thanm 75% ¢F
water samples were analyzed in duplicate. _

2. Jptal merciurv in sediment : Sedimaﬁt samples were analyzed following the
methods ocutlined in Buhler a3 {1984) After initial preparation and
not-acid digestion, this prn:edure is very similar to the amalysis of water.
Thorpughly mixed sediment sampies {3-5 g) wera dried ts & constant weight in
g8 §0°C over (zpprox. %6 h}. Sampies were crushed-using a ceramic mertar and
pestle, and passed through 2 1 mn mesh screen. Particies that did not pass
ihrouch the screen were oulverized z second time, and screened. Any

00082




PR

=

COTTAGE GROVE
RESERVOIR
-4 1590

-
WETERY

LI ]

Figure § - Location of sample eollection sites on each reservoir Sy dat‘.e“ce‘:ié ‘
collection,




remaining material was discarded. Subsamples (8.5 - 1.5 g).were weighed and
transferred o glass 250 mi 800 bottles, to which 3 mi deionized H,0 and 5 mi
aguz regiz (3 vol. conc. H{1: 1 vot. conc HNQ,) were added. 3Sampies were
placed in z 85°C water bath. After two minutes, 50 mi deionized Y.§ and SO
ml 5% KMnO, were added te each sample. Samples were digested in the water
bath for 30 min., and cooied to room temperature, Fifteen min. bafors
analysis, -samples were trested with 50 ml deionized H,0 and & mi 24% Na(l-
hydrexylamine and placed in 2 hood to aiYow the evolved oxygen gas to
escape. Samples were transferred to the 250 ml reaction flasks used for
water analysis, and anaiyzed in the same manner. BGas {low was set at 1.5
1/min. Recorder sensitivity was set at 20 aV. )

~ Sediment mercury concentratians wers detsrmined based on @ standard carve of

HgCl, in HNG, (0.05 - £.90 ug). The accuracy of the siandard curva ang
racovery efficiency was tested using reference material from the National
Institute of Stsndards and Technology. Most sampies [>75%) were anzlyzed in
duplicate, .

3, MethvImercyrv in sediment: " Sediment samples were analyzed for
methyimercury by cas chromatography using & modification of the multi-stags
extraction and concentration procedure developed by Uthe et &l. (1972}. The
moditTied technique for sediment is outlined by Furutani and Rudd {1980).

Twe aliguots of wet sediment (approximaiely I g} were weighed to the nearest
0.001 g. One set of samples wes dried to a constant weight in a 50°C aven
to determing the water contenmt so 4hat meEasurements could be standardized on

& dry weight basis.

The second set of samples were transferred to 30 ml centrifuge vials., Two
mi of 0.5M CuS0, and 10 ml of 3K KaBr in ZZ% conc. H,50, were added ta the
samptes. Afier shaking vigorousiy for two minctes, samples were centrifuged
for & min, and t{ramnsferred to 5D ml glass separatory Funnels. Twenty ml of
toluene were added and semples were shaken for three minm. following removatl
of the agueous phase, the toluene phese was treated with 1 g 2nhydrous NaSQ,
and decanted into a 50 mi erlenmeyer flask and further dried withk 0.5 ¢
snhvdrous NaSO,. A 10 ml sample of the extract was tramsTerred to a2 ¢lean
separatory fuanel, and § nl of 0.0025 M N3, 5.8, in 20% ethanol was added.
Afier shaking and standing, 3 ml of the lower “zguecus phase was cnllacted
into 2 calibrated, glass-stoppered centrifuge tube, to which 1 m) of 3X K]
and 1 ml hexane were agged. ‘

Subsamples (& ul) wers imjected into a Hewlett-Packard 5700 gas
chromatograph equipped.with a ®*Ni aslectron capture detector.  The column was
packed with 7% Carbowzx 20M on Chromeserd ¥, acid-washed OMCS-treated.
Argon/methane gas was suppiied at 50 mi/min, 2nd GO attenuation was set at 2
mV. The opersting tamperatures for the column and detector were 173°C and
200°C respectively. The Microscribe recarder wzs set at 1 m¥, asd 1 cmf/min.
Peak area was calcuiated by height times width zf hal¥-height. Unknowns
were compared to ctandards prepared from methylmercuric chloride in hexane
(6-20 ngj. )
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Total and groanic mercury in fish: Mercury concentration in fish muscile
uas determinad using 4 hoi-base digestion followed by ¢old vapgr atomic
agbsorption.

Fillet samples (1-Z g} were placed in scroew-top tast tubas; te which 2 ml
ION NaOH was added. Samples were then heated for 30 minutes im a heat block
{85°C) and cooled to room temperature.  Ome percent NaCl {8 mi) was added to
each sampie.

Total mer:ury Was detarmned by p'laz:mg 1 mi suhsamp'le in a reaction flask
along with 3 mi 1% NaCl, 1 wl 1% cysteine, 4 drops octinol, and | ml 50X
SaCl, and 10% €dCl, in il» K MCl.. Inorgaric mercury was determined by adding 1
m} c?‘ sa:snm in plar:. of the SnCl,- CdCY, solution, The flask opening was
then covered with a saptum, thraugh which % mi 10N Ka0H was injected by
syringe. After thirty seconds, R gas was supp'hed at 1.5 1/win, The
recorder was set at Sav. Stanaards wers prepared ‘as Hg in HNO, (10-100
gg/ml), prepared from a commercially available standard (1000 ppm, Johmson &
Mathey, Seabrook., NH).

Organic marcury waé caiculated as the d1‘F'Ference -of totzl and inorganic .
mercury. _

5. Adgitional analvses

2. All water samples were analyzed in the 1sh for hardness, following the
EDTA titrimetric method in Standard Methods for the Examimation of
Water and Wastewater (1385).

b. All sediment samples were analyzed for pereent volatile solids by ch-we_d.
sediments in a 800°C muffle furnace for 4 hours, after Buhler et al.
(1884).

c. Sediment physical characteristics were performed by hydrometéer method
by the QSU Soil Physics Laborstory.

d. Sediment samples from 5/90 were sant to the H_S, Eureau of Mines
{Albany, OR) for determination of cinnibar content.




JIV¥. RESDBLTS
A..Her:urv in watpr éag‘ssdiment

Twelve water sampies and 1B-Z23 sediment samples were analyzed from 2ash
ragervoir. Results of the 31mmu1og1cai and sediment ana]ys s are summarized
in Table 3. Mercury was detected in 25%, &%, and 1S% of Lottage Srove,
Cchoco, and Owyhee water samples respectively (dstection Timit of 0.1 pph).
The large range of concentration values (0.12 - 1.0 ppb) suggests that the
h1ghes- cancentra;iaus of mercury are praobably found in the particulate
fraction. Differences in mean mercury concontrat1on in water zmong
reservoiTs were not statistically significant (p=0.05).

Sediment mercury concentration and site, date and carbon content differances
were' examined using Anova and Mewman-Xesuls multiple comparisan anaiysis.

The h1gnes* pverail mercury level was asspcizted with Cottage Grove
reservoir, and this was significantly ditferent Trom the vaiues for En:huco
and Owyhee reservoir,” This finding, howover, {s largely attributable to the
high mercury levels found at both sites inm.the Sentember 1985 samples {Fig.
5}. 7o confirm the observation that 1989 levels wers higher than the other
. two dates, particularly for Cottage 8rove Reservoir, 1989 samples were
reznzlyzed in g mixeq batch with samples from later dates; the results were
cunsistent with previous analyses.

Merzury cnnt.ntrat1ans did not vary soiely as a function of carbon content
on a sezsonal, or localized manmer. For Ochocp, mercury concentration at
the up-reservuir site [A) was higher than at site 3 or C despite no
giffarence in carbon contant. The cpposite condition existed for Owyhee and
Cotitage Grove reservoirs; mercury concentrations st the sites within each
reserveir were not s1gn1.1C'n;1y different, despite differences ip carbon-
cantent, . .

Carbon content exhibited a patiern of seasenmality, modified by water level
flugtuations. Higher carpen levels were observed in the September sampies
than in the June samples for Cottage Grove Regervoir. In Ochoco, this
pattern was overridden by water tabie fluctuations. The water level was
ynchanged betwean September 1989 and June 1993, and the carbos content in
sediment was similar for both dates. Howsver, a 34-fL decline in water
level between the June 1830 and September 1990 sampling dates, resuiting in
a mech higher carbon content associated with the low water level (7.4%
§.1%). Carbon content in Owyhee Reservhnir was consistently betweasn 4.6% a..d
..8%. refiecting the Jow level of carbon lcading to the reservoir causad by
Tow vegetational biomess in the watershed.

Mercury values were less influenced by sampling Gats, suggesting the
imporzance of parameters other than carbon content.- Sediment mercury levels
in Owyhe& and Dchocs reservoirs were consistent for a1l three sampling
dates. in Cottage Grove reservoir, the Saptemdber 585 sediment samples had
statiscalily kigher me—uury levels than September 1990 samples, despite no
cnanae in carbon content
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g (ppm dry weight)

Table 3 - Water chemistry and sediment parameters

Parzmetar Cottage Grove  (Ochoco Owyhee
{x2SE) {x=5¢) (x2SE)
Hater _
pH 7.10° 8.53° 8.44
Do 8.20° 7.8* 7.28°
Conductivity (gmhos) 56° 260° 25¢°
Hardness (mg Caley/1}  39° 101° 72 :
Hg {ng/1} - 78+ 40" 17 « 10* 37 & 30°
Sggiment
5011 iexture sand- . clay- sandy loam-
' sandy Joam clay ipam clay Toam
Clay content (%) 8.5 «+ 8.8 3¢ 8 12 £ 2.3
Carbon conzent (%} 7o 5.71% £,33"
Total Hg {pt/9) 0.839 ¢ .17 1.010 £ .18 - 1,373 £,33
Fine grain Hg (pg/g) 0.313 = .03 0.156 « .02

0.109 + .01

All sediment values are presented on a dry weight basis. =~ )
Values with different seperscripts are significantly different af p=0.05

1.00 —
M Foil 1989
T BN Spring 1980
0.754 ' - 3 Fall 190
.50~
Q.25 ' B t
. | Y
¥ | . - . -
| | Cottage Ochoco Owyiee
Grove :

rigure § - Mercury concentration in sediment by sampling date.
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8. Meprcury in Fich

Five smallmouth bass from Owyhes, five largemouth bass from LOI age Grove,
and ene rainbow trout from Ochoco were anaiyzed Tor teial and orgamic
mercury content in 1ater31 £i1lets. The results are presented in Table 4.
One of Five fish from Owyhes reservoir and two ¢f Tive Fish from Cottage
Grove reservgir exceeded the United States FBA Timit for human consumption
of 1.0 ppm. Mercury concentrations in fish from Owvhee and Cottage &rove
reservoirs were not significantly different {t-test, p=0,05}.

Organic merczury comprised >99% of the total mercury in a7l cases.

Marcury concentration in Fish muscle fncrezsed as a fumctiom of age For both
bass species {Fig. &6). However, the pzttern was not identical for the two
reservoirs. This difference may be sttributable either to species or
reservoir d1.ferencns, or the small sampie size.

Table 4 - Marcury concentrations in fish muscle

Reservoir Species .&gg Total Hy % _MeHg
‘ {years) (ppm) '
Coztage Grove LM Bass 2z 0.35 ' 100
' 3- g.44. . 100
3 0.2 100
§ " 1.49 100
3 1.78 22.5
Ochoco ) RB Trout rd 0.79 88.9 -
Ouwyhee - _ SM Bass 2 0.75 100
3 D.55 9.9
3 0.79 100
4 1.16 °g.9
5 1.5 100 .
14
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“Figure & - Mercury concentration in fish tissue by fish age for the thres
- species from the three reservoirs

V. DISCUSSION
A. Herpyrv in water

Surface water mertury csncentrations in armas without mercury deposits ramge
from 0.01-0.05 ppb (Wiklander, 1969). Background mercury may be derived
from atmospheric depasition (esnmated at Q.17 ppb). More than 0% of
stmosgherically derived mercury is evaporated from the soils and air (Klein,
I“-rl). rﬂsu}tmg in background surfice water tancentration of 0.09 ppb or
tower. Jenne {1373} reported thst mercury was dztacted in 9% of unfilterad
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water and 3% in f11tered water znalyses reportsd in the literature. Thus,
in more than half the waters Satp1°d most of the merctury was suspended 1n
the particulate Tractiem.

‘Survace 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 Columbiz and Willamette rivers in
1870-71 yielded mercuyry concentrations between 1-35 ppb for Filtered waters’
(Jenne, 1873), indicating input from zources other than background-Jeval
deposition,

Qur results indiczte an elevaied freguency (%-26% of unfiltered samples) and
magnitude {0.12-1.0 ppb) sorface water contamination zbove background
Tevels. Therefore, atmespheric inputs zlone probably do not account for the
elevated mercury concentrations in Cottage Grove, Ochoco and Owyhes
reservgirs. This does not, nowever, indicate that bioavailabiiity te
reservoir fish is enhanced, Since mercury in the particulste fraction may
sat be as readily absorbed in b1cga a5 gisseclved 1narganxc mar:ury ar
mathyimargury.

"B. Mercury in sed‘nent

Mercury was routinety datected in sedtment from a1l three resesrvoirs.
Despite statistical differences in mercury concen trations in sediment,
corresponding concantrations im ©ish were similar for 311 reserveirs, based
on Tish age. .

Differences in sediment mercury concentratioms are most likely due to
differences in Yocading rates and patterns. Factors that affect loading
raves inciude the quantity of availabie MerCUry 2s nstural deposits or

mining waste, and sediment ‘transport rates in the dradinage basin. Sediment
- transpor: rates zre, in turn, 3ffected by geological and ¢limatological
forces. In thiz study the quantity of avaiiable mercury in the drainage
basin saems to be more influential than sediment trenspert rates.

Drazinage basin arsz was not 2 significant determinant in sadiment mercury
concantrations. This is svidenced by the fact that despite the emormity of
the Owynee grainage basin, it did net have elevated mercury Jcads relative

to the other two systems. Although McMurty et al. (1898¢) obsarved a positive

correlation between mercury toncantration in the smzllimoyth bass iissee and
watershed and lake zres, it appears that this relationship is valid omly
where gvailable mercury reserves are approximately eoual.

Based on overgl) re!ief of the basins. we would expec¢t sediment transport
rgtes to be highest in the Owyhee arsa. ATthough the overzll relief in all
three driinage basins is moderats (Johnson et a&l, 1933), significant
localized differences are present. Butties daw1nate in the Owyhee basin
which are more susceptible to erssiom and sediment. tramsport than gently
sloping hills, characteristic of the Cottage Grove basin.

It is d4ifficult to assess the importance of land use patterns in determining
the behavior of mercury in these systems. While land use patterms may
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infivence both the rate of mercury transpori to surface waters and muvament
within the reserveirs, the relative enhancemen: of erosional’ Forces from
forest clearing, agricuitural irrigation, and range practices are not known
for these areas. _

The amount and cycle of annual precipitation and flooding events affect
sediment transport, Precipitation in the Owyhes area is primarily snow; 70%
of the infiow the Owyhes reserveir occurs between March and Hay zs snowmelt
{Johnson et al., 1885), Sparse vegetation gad the timing of the smow melt
produce conditions favoring high surface vonoff and sediment traasport
{Malheur Soil and Mater Conservation District, pers. comm.}. Thts, however,
may be offset by differences in the tots) amount of precipitation. The high
ramfal’i in the Willamette Valley ecoregion may exert & greater influsnce on
relative loading rates. The difference between sediment mercury
concentritions in Cottzge Grove reservoir between September sampling in 1989
and 1990 may relate to timing of storm events. Local flcoding results in 2
surge of mercury and other materials into reservairs. This may enhance -
bicaccumylaiion: mercyry concentrations in northern pike were significantly
higher in ¢ year foilawing 3 severe fleod compared to previous or succeeding
years (Phillips et ai., 1987). One pessible explanation is high methylation
rates in flooded shoreline sediments {(Ramlzl et al., 1986}.

Eivern the inability of sediment transport rztes to explain differences in
sediment smercury concentrations, we suspect that the availabie stores of -
marcury within the three reservoir SYS&E’-!S are very different, and that
detsrmine sediment concentrations. .

Mercury burdens in aI1 three reservoirs are most 1ikely are derfved from
ratural mercury depasits exacerbated by past mercury, gold and silver mining
in the drainage basins, The relative size and wining effort of the Black
Butte Mine in the headwaters of Cottzge Grove Reserveir may explain the
eleviled segiment mercury comcentritions. - This mine produced 25 times as
meny flasks of merctiry than 2] the mines in the Ochoco District combined.
The lack of site diffarsnces in sedimant mercury concentrations suggest 3
uniform, or diffuse mercury distribution within Cotiage Grove Reservoir. By
contras:, the feact that the upstream site in Ochoco Reservoir sxhibited
higher sedimeni mercury concentrations than other sites may reflect 2
distribution pattern from feeder streams,

The diffuse distribution of mercyry in vanee Reservair is consittent with a
distant mercury scurcs. Mercury in the ﬂﬂyhea besin may be derived fram its
use ‘in gold and silver extraction. Extensive gold and silver mining tosk
ptace in the Jordan Creek region of Owyhee basin betwesn 1860 and 1520
(Hil¥, 1873), Mercury used im the amalgamation process can be lost to the
environment through inefficient recovery after distillation. [t has been
estimated that 76 pounds of marcury were lost daily during mining years in
Idahe (Hi1l, 1873).

Geothermal releezses of mercury may aiso be & significant and persistent -
source of mercury in Owyhee Reserveir given the high level of genthemal
tfvity in Southeast Oregon. Mercury enters the enviroament during
episodzes of geothermal and volcanic activity (Gray, pers. comm,, 15B9).
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Hydrothermai sglutions transport mercury along rock fractures veins zs
sylfide and chloride complexas, as evidenced by the common gccurrencs of
cinnibar (HgS} in hot spring deposits (Nriagu, 1978). The voiatility of
mercyry causes it te vaporize from the heated solution and be transported as
2 gags {Gray, pers. comm.}. mercury helos are Tormed at varying distances
from the geothermal center depending on temperature, pressure, and pH (Gray,
pers. comm.}. Close to the epicenter, mercury will bing with the gaseous
sulfur and precipitate as cinnibar; at greater distanctes from the -geothermal
vent, mercury is transported in aguesus solution im 2 fres form or compiexed
with C1; a process that is influenced by pH, sulfur availability.
temparature, pressure, and chemistry of the mineral selution (fray, pers.
comn. ). Thus, further from the epicenter mercury is more avaiiable for
transport in soiution to survace waters and biota.

. Mercurv in fish

The mercury concentrations in two fish from Cottage Grove Reservoir exsesd
meximum values reported in the past.. Concemtrations of mergury in
largemouth bass musgle in 1§74-5 ranoed between 0.55-1.11 ppm (Horcaster,
1972}, Although this differsnce may be explained by fish age or seasonal
variation, it may alsp reveal that mercury is accumuiating with time in the
reservoir. ror this:reason, it would be desirable o monitor mercury in
fish in thig reservoir in the future. It hat been suggested that stream
impoundment elevates mercury ticaccumulation. Following dam construction,
mercyry comcemtrations tend to be high initially before resching an
equilibrium: the proposed mechanism is that the surge of trapped sofl favors
methyimercury production and methylation (Phillips et &l., 1987)
Investigating the source of mercury in fish in new impoundments, Cox et 2l.
. {1979) concluded that insciuble mercury in soils is released through aguatic
Biological methylaticn once the soils asre submerged. This phenomencn may
alse explain the increased bicaczumulation zssocisted with Tlooding.

0f five speciss examined for mercury concentrztions in past efforis
(Wercester, 1979), the highest values were gbserved in largemouth bass,
Other species znalyzsd were chinook salmon, cutthroat, riinbow frout and
brawn builhezd,

As only one Tish could be analyzed from Qchoco Reservoir, it is imposgible
to nerform any statistical amalyses. Furthermore, ne records were aviilazhle
of past anaiyses. However, it shouoltd be moted that the mercury biacden in
the 2.yesr old Tish that was sampled was similar to those of Z-year old fish
from Cottage Grove and Owyhee resarvoirs. This swuggests that older fish (4-
5 years) in Ochoco Reservoir may also have muscle mercury burdens excesding
the rDA limit. “

Sma1imouth bass from Owyhee Reservoir in this sampling effort have mercury
burdens within the range of past investigstions. Mercury coencentratians in
smalimouth bass sampled in 1387-9 ranged between 0.86 and 1.58 ppm based on
the whole figh {DEQ, pers. comm.). Mercury concentrations in smatlimouth
‘bass exceeded those of carp and hlack crappie. Largemouth bass and channel
catfish had similar mercury concentrztions to smallmouth bass,
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As the mercury concentration in Tish tissue did not differ among the
reservoirs, we could not adequately evaluate several influential factors
that may bé apsrative in Oreqon reservoirs. Cfonditions reported to )
infigence mercury availability and bicaccomulation are presented in Tabie §.

Table 5§ - Conditions favorable for wercury bicaccumulaticn

Hydrologic ' Water chemistry

slow fiow high conductivity
frequent flooding high dissulved organics
recent impoundment pH 6.0 or >8.5

high temperatisre

Sediment characterigtics

mildly oxidizing sediments . - large size .
Tow clay content’ A long life span
high organic content _ . (high trophic position)

jow complaXing adents

By 1imiting the compesition of methylating bacteria, the sediment redex
potential affects the rate of mathylation. Although methylation has been
observed in anaeraobes, facgitative anzerabes, and azercbes (Beijer and
Jernelov, 1879), the optimal condition for methvimercury biecavailabitity is
a miidly oxidizing emviromment (-100 oV to +150 mV'} (Phillips et al., 1987).
Therafore, reservoirs with oxygenzted sediments are expected to have Tess
methylimercury bicavailable than these with anoxic sediments, and ressrveirs
© with oxygenzted bottom waters for more of the year are expectfed to have
highar levels of methyimercury.. -

- Sediment organic content was net significantly differant in the three
reservgirs (p=0.212). Therefore the influence aof orgamic comtent on
bicaccumulation in Tish cannot be evaluated. However, Klein [1873) suggests
that organic material may actuzlly control aercury distribution.
Corresponding to greatar microbial density and azvaiiable energy, hioh
grgg?ic content stimulates methylmercury production (Jacksonm and Haoychuk,

5 o

In addition, the supply of nutrients and complexing agenis affect the rate
of methylation. MNutrient availability influences both the dansity of
methylating microsrganisms and their mstabolit rates (Furutani. and Rudd,
1980). By binding mercury imertly, complexing agents {especially sulphides)
affect the rate of methylation [Beijer and Jernelov, 1879). Thus,
methylation rates are reduced in the presence of high concentrations of
complexing agents. Barman and Sartha (1986z) reported & czusal retatienship:
between high sulphide levels and lTaow methyiation rates. :

fs methylation rates are largely determined by levels of oxygzen, nutrieats,
and organic material in sediments, it is not surprising that methyimercury

i9
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picavailability has been shown to exhibit seasomal variation ({Korthals and
Wintrey, 1387). .

" Several weter chemistry parameters zlso tnfluﬂnce the availability of
mercury in surface waters and uptake by fish. These faciors include-
conductivity, turbidity, total dissolved sn11us. pH, temperaturs and trophic
sTate.

The conductivity in Cottage Grove Reservoir was significantiy higher than
that of Ochoco or Dwyhea. This may serve to exacerbate the mercury prebiem
in this reservoir, For 13 Ontarie lskes, comguctivilty °xp131ned 54% of the
total wariation in mercyry concentratiens in the grayfish {Allard and
Stokes, 1989).

The pH of ail three reservoirs is between 7.7 and 8.8. This corresponds to
3 pH range that is not optimal for mercury bicaccumulation. The afvect of
pH on accumglation of mercury in fish varies with the range of pH. Acidic
hanmtmrrs favor the formation of monomethylmercury (Jermelov and Asell,
1975) but giso 2llow more bindmng of the mersury to particulate matter ub1;b
’ 1cwers evaporation and sedimentztion (Schiinder et al, i980). The
conseguences of the two prucesses is slevatad mathy}mercury production ang
avaiiah1]1ty to aguatic arganisms. At higher pH values (>8), the formation
of dimethyl mercury (CH,HgTH,} is Tavered, bui conditions for the uptake of
zvailable monamethyl mercury it enhanced {Betjer and Jernelov, 1979}. The
combined effect of these forces is a two-phase response in uptake, peaking
onca between pH 5.5 to 6.5 , and sgain at pH >B.5 ({PhiTlips et al., 1887).

In addition to pH, water temperature may affect mercury availability.
Higher water temperatyres &t the water-sediment intertace enhanca
methylation rates (Phillips et al., 1987). The rgte of uptake of mercury by
Tish also incresses with higher water {emperatores (Huckzbea et al., 1979).

ATT three reservoirs are classified as mesotrophic or eutrephic. The effect
of limnological trophic state has not yet been ¢learly established.
Characierized by low nutrient concsptrations, low primary productivity and
high levels of dissolved oxygen, oligotropnic lakes are thought to genersily
have Jower methylation and uptake rates berause of the lower density of
methylating bacteriz, lower energy availability for metabalic activity ang
axvgen concentrations zbhove the optimum for methylation (Phillips et al.,
1987). Conversely, methylatien rates should be nigher under sutrophic
conditions; however, Akielaszek and Haines (1981} argue that mzthylation
rates are higher in oligotrophic conditions based an greater mercury
availability because there is less organic mettar for mercury complexaticn.

food web structure and the pnsitxan of a given spacies in the complex
inTluences. the bicactumulation of methylimercury because diet can be &
sign1.1cant exposure route, The percent of accumulatad merfury from food
varies with species. Food contributed less tham 15% of the accumulated
mergury in-rainbow trout (Phi1]rns, 1875); whiie it contributed 41-83% in
walleyes and 51-73% in white crappies (Phillips et al., 1987). Furthermore,
&s & fish changes its diet as it matures, patterns of accumuiation as a
function of 2ge may reflect these dietary changes. This may partially
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explzin the differsmees in this relationship between Tzrgaﬁnuth bass. in
Cottage Grove Reservéir and smallmouth bass in Owyhes Reservair.

It is evident that mercery bicaccumelation in fish represants z management
problem i Cottage Grove and Owyhee ressrveirs, Additional monitoring of
Ochocy Reservair at higher water levels may reveal 3 similar sftuation.
Despite the general pattern of low mercury cemcentratinns in water and .
sediment, older fish consistently have mercury burdens in muscle tissue that
exceed the FDA limit for human consumption. This supports the imporcance of
methylation and bicaccumulation as critical determinants of mercury levels
in fish. The importance of ecoregion parameters in determining the behavier
af mertury in reservoir systems and accumulatien in fish appears to be
overshadowad by differences {in mercury daposits and miming activities,

21

S e 00095 | IR - —



V1. LITERATURE CITEZD

Akielazzek, J.J. and T.A. Haines. 1981. Mercury in the muscle tissue of Fish
from three northern Maine lakes. Bull. Emviron. Contam. Toxicol. Z7:201-208.

Allard, M. and P.M. Stokes. 198%. Hercury in crayfish species from thirteen
Ontarm lakes in relation to water chemistry and smallmouth bass {m_:;m
delomisyi) mercury. Can. J. Fish. Aquat Sci. 4B:1040-1044. A

Andren, A.M. and J. 0. Nriagu. 1978. The global cycle of mercury. in: The
biogeochemistry of mercury in the environment, edited by J.0. Nriagu. Elssvier
Press, Holland, pp.1-22.

Baldwin, E.M. 1978. Geplogy of Oregon, E£dwards Zrothers Inc., Ann Arbor,
Michigan. - ‘

Breoks, H. 187]. chksnver deposits m Oregon. Department of &Geoloay and
Mineral Industries, mi sce‘iianeuus papar # 15,

Beuer. K. and A. Jernelov. 1879, Methylztion of mercury im  aqustic -
environments. In: The biogeochemistry of mercury in the environment, edited by
4.0, Nriagu, Elsevier Pregs, Holland, pp.203-210.

Berman, M. a2nd R. Sartha. 1986. Levels ot chexm':a] versus biological methyleation
of mercury in sediments. Bell. Environ. Conmtam, mm'al 36:401-4D4.

Buhler, D., R. Reed, and R. Caldweil, 1284, As assessment of projected mercury
tevels in the proposed Galloway Dam project on the Weisser River, Idaho. Report
submritted to the U.S. Army Corps of Engineers.

Ferns, M.L. and R.V. ¥Wilson. 1984. Mineral resources mzp of Qregon, GMS-35.

furutani A. and J.W.M, Rudd. 1980. Measurement of mercury methylation in jzke
watar and sédiment samples. App. Environ. Microbiel. 40:770-776.

Gaitant, A., T. whitiier, 0. Larsen, J. Dmermik and R. Hughes., 198%.
Regionziization as a tool for managing environmental resources. EPA/8A0/3-85-050

Gray; J.5., N.N. Pstersan, J. C]aytun and G. Saxter. 1983, Geology and mineral
resources of 18 BLM wildernecs study areas, Harney zng Malheur Counties, Dregon.
Oregon Department of Geology and Mineral Indusiries, epen-Tile report, G-£3-2.

Rakanson, L. 1980, The quantitative impact of pH, bioproduction and Hg-
contaminalion on the Hg-content of fish (pike}. Environ. Poll. 1B:2B3-304,
Ht11, S: ?973 ;tudy of mercury znd heavy metals pollutants in the Jordan (reek
Drzinage. Unpublished report, loilege of Mines, University . uf fdaho. Mufcaw.
idaho.

Horton, R.C. 1964. Hotspring, simar depcsits, zng volcanic cinder cones in

Nevada. Nevada 3uresau of Mines, map #2%.

22

00096



Huckabee, J.W., J.W. Elwood, and S.G. Hildebrand. 1379. Accumulation of mercury
in freshwater biota. En: The biogmochemistry of mercury in the environment,
edited by J.0. Nriagu. Elsevier Press, Holland, pp.277-325.

Jackson, T.A. and R.N. Woychuk. 1880. The geochemistry and distributien of
mercury in the Wabigoon river system. In: Mercury pollutien in the Wabigoon-
English river system of northeastern Ontarie, and pnssibie remedial measures: a
progress report, edited by T.A. Jackson, pp.l-28,

Jenne, E.A. 1873, Mercury in witers of the western U.S. In: Mercury in the
western environment, edlteﬁ by 8.E. Buhler. Orreg:m State Univarsity, Corvallis,

OR, pp.15-2B.

Jer"ﬁe'l'ov, A. and 8. Asell. 1873. - The feasibility of restoring mercury-
contamimated waters. In: Heavy metals in the aquatic enviromment: an
international conferences, edited by P.A. Krankei Pergammon Press, New York,
pp..255-309,

Johrson, 0.M., R.R, Petersen, D.R. Lycan, J.¥W. Sweet and M.E. Reuhaus. 1985.
Atlas of Oregoen lzkes. Oregon State University, Corvallis, Oregon.

Klein, D.H. 1973. Sources and present status of the mercury problem, [n: Mercury
in ».he western enviromment, edited by D.R. Buhler. Oregon State Umiversity,
Corvallis, Qregon, pp.l-13,.

Korthals, £.T7. and M.R. Winfresy. 1987. Seasonal and spatial variations inm
mercury metfry‘iatmn and demethylation in an oligotrophic lake. Appl, Environ.

- Microbinl. S3(10):2397-2404.

Lawrence, E.F. and R.Y. Hi"lsmi. 1962. Mercurjv occurrences in Nevadea. fevadz:
Surean of Mines, mzp 27. .

Lergbottom, J.E., R.C. Dresswan, and d.d. Lichtenberg, 1973, Gas chmmtngraah:c
deterwination of mathyl mercury ia fish, ‘sediment, and water. J. Assoc. OffFic.
Anzlyt. Chem. S8{&):1297-1303.

Lowe, T.P., T.W. May, W.G. Brumbaugh and D.A. Kane. 1985. WNational contaminant
bwmsnh.oring program: concentrations of seven eiements in freshwater Tish, 1878-
1981. Arch, ctnviron. Contam 10:1:9'1 14:363-288.

McMurty, M.d., D.L. Wales, W.A. Scheider, G.L. Beggs and P.E. Dimond. 1928,
Relationship of mercury concentrztions in lake trout (Salvelinus namavcush) and
smalimouth bass (Microptervs dolomieui) to the pnoysical and chemical
characteristics of Ontarin lakes. Can., J. Figh. Aguat. Sci. 46:426-434.

Nriagu, J.0. 1978. Production and uses of mercury. In: The biogecchemistry of
meretry in the envirgament, edited by J.0. Nriagu. Elsevier Press, Holland,
p 20"’0 )

00097 - o — ~—



Omernik, J. and A. Gallant. 1986. Ecorsgions of the Pacific Northwes:.
PA/EDO/3-B6-033. " , ; :

¢
e a
Ve gt Y

Oregon Depariment of Geoiogy and Mineral Industries. 1982. Geothermal resources
of Oregon (map). . :

Phillips, &.R., P A. Medvick, D.R. Skaar and D. Xnight. }987. Factors affecting
thz mobilization, transport, and bicavailability of mercury in reserveoirs of the
Upper Missourt River Basin. U.5. Department o7 the Interior, Fisheries and
Wildiife Service, iechnical report £10. .

PhiTlips, &.R. 197%5. Some quantitative azspects of mercury accumulation by
rainbow trout. PhD dfssertation, Oregen State University.

Ramlal, P.S.; J.W.M. Rudd and R.E., Hecky. 1986. Methods for measuring specific
rates of marcury methylation and degradation and their use in determining factors
zontroliing net rates of mercury methylation. Appl. Environ. Microbiol. 51:110-
114, - ,

Schindlar, D.M., R.H. Hesslein, R. Wagemann and ¥.S. Broecker. 1580. Effects of
acidification on mobitization of heavy metais and radicnuciides from the.
sediments of a freshwater take. Can. J. Fish, Aguat Sci. 37:1723-172%.
Standard methods for the examination of water and wastewzter. 1989. Published
Jointly by: American Public Health Aasociation, American Water Works Asscciation,
and Water Poliution Controi Federatiom, Hashingtonn, B.C.

State Water Resources Beard, -Oregon. 1974, Oregon drainage‘baéins, map £0.2

tate Water Resources Board, Oregon. 1960z. Oeschutes drainage basin- mineral
deposits, map #3.835. :

Stats Water Resourcss Board, Oreﬁan. 1560b. Upper Willametie drzinage bzsin-

mineral depesits, map £2A.63.

Uthe,'J.E., J. Solomon, and B. Grift. 1872, Rapid semi-micro method for the
determination of methy) mercury in fish tissue. J. Assoc, Offic. Analyt. Chem.
35(3): 583-589.

Wiklander, L. 1989. Tha czntent of mercury in Swedish groundwzter and river
water, Geoderma 3:73-79. '

Worzester, T.C. 1978, Mercury accumulation in fish from Cottage Grove Reservair

and its tributaries. M.S. thesis, Oregom State Umiversity.

.
-

2¢

nNHNnasR





