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ALASKA POWER AUTHORITY

SUS ITNA HYDROELECTRIC PROJECT

POSITION PAPER

FISBEkIES ISSUE F-2.3

EXECUTIVE SlOOfARY

Sianificauce of potential changes in heavy _tal concentrations on salmon

and resident fish habitats and populations dovastrea- of the de••

Poaition

It is the Alaska Power Authority's Position that the Susitaa Hydroelectric

Project will not substantially increase the concentrations of DIOst heavy

metals in fish of the Susitaa River .ystelll. SOlIe increases in tissue levels

of mercury are expected to occur in reservoir and riverine fishes. but low

levels of biological activity in the reservoirs are expected to aainimize

such iucreases. No lllitigation measures are proposed by the Power Authority

other tban lIIOnltorlng selected fish species for unsafe tissue levels. of

total and/or methylmercury.

Present Knowledge

As reported in the LiceuseApplication (2)11. a llulllber of metals in the

Susitna River exceed criteria for the protection of freshwater organisms

under natural conditions. The -ost biologically significant of these metals

are mercury, copper, cadaiU1ll, and zinc. Of these, oaly lIIercury is both

present in high concentrations in the existing system and known to

bioacculllulate to unsafe levels in aquat ic organislilS.

11 Numbers in parenthesis identify ref.erences listed at the end of the
paper.
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Various authors have reported elevated concentrations of SOlae inorganic:

constituents in newly impounded reservoirs <3, 6, 7). These increased

concentrations are due to:

1. Dissolution of inundated soils and roc:ks.

2. Increased rates of lIlineral dissolution due to the chelation of

metal cations by humic substances. Chelation is the foraation of

a 1Il0lecule involving a metal ion and tvo or 1Il0re organic ions.

3. Biologically"1lediated action in.olving metals in flooded topsoil

horizou.

Post-impoundment water quality studies in reservoirs have shown only one

metal. mercury (Hg). to .ystl!1ll&tically bioaccUIIIUlate to ecologically,
unsafe concentrations as a direct result of u-poundlllent (1, 6, 22). Mercury

normally is biologically active only when combined with a methyl (CH3) ion.

a process that is usually mediated by certain lIlicrobes. After impoundment,

microbial lDethylation of aaercury associated with organic raatterin soils and

newly inundated detritus of Watana and Devil Canyon Reservoirs is likely to

result in mercury levels in reservoir fish higher than current natural

concentrations. CertainenviroCUDental conditions in the reservoi.rs will

tend to miniaize mercury bio_thylat ion and subsequent bioacculllulation,

notably:

1.

2.

3.

4.

410758
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Low year-round water temperature,

Low bet:ttbic microbiological activity,

Blanketing of inundated org4nic matter with .• layer of inorganic

sedimenCIJ •

Relatively limited fisb populations.
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The impact of the Project on mercury concentrations in downstream fishes

will likely be a function of several unknown and unpredictable factors: the

amount and chemical eo.position of mercury exported froa the reservoirs, the

amount: and chemical c.-position of mercury existing in riverine habitats

down8tream and in situ methylation and uptake of mercury in downstream

habitats. The flux of total mercury through aquatic habitaes downstreaa of

the proposed reservoirs will be substantially les8 than under current

natural condition., but it is not presently possible to accurately predict

the levels of _thylaereury that will be discharged frOia the reservoirs.

Mercury accWllulation in fi.h down.tre_ 118y be largely due to in situ

methylation and uptake, and it will probably be influenced by projeet­

induced chaoges in stre.. biological productivity at all trophic levels.

Cadaium, in contrast to mercury, is not present in high concentrations in

the Susitna liver. Thus, it is not likely that appreciable concentrations

will be leached fra. the soils inundated by the iDapounclDaent. Therefore,

although cadmium is known to bioaccWllulate, the eleaent is not likely to

have any sub8tantial effect on fisb resources in the Susitna liver.

Zinc and copper can be toxic but are not known to bioacculllulate (23).

Leaching of these metals is neither predictable nor quaQtifiable at this

t iDle. Leaching can be exaoerbated by the presence of humic subs tances ,

which are abundant in the watershed, but the toxicity of metals bound to

huaics is much lower than that of free metal ions (18, 23).

Resident species in both the impoundment zone and downstreaa habitats are

expected to be more' subject to potential impacts of heavy _tals than

anadromoua species of fisb. Anadromous salmon in riverine habitats

downstre8lll of tbe project will accumulate only a small portion of their

total tissue concentration of mercury while in fresh water. Host of tne

acculllulat ion of mercury in salmon tissue will take place io the III&rioe

environment and will not be detectabIy affected by the Project.

-J
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Mitigation Measures Endorsed by the Alaska Power Authority

The Alaska Power Authority proposes to include the monitoring of mercury

bioaccumulation in selected sport fishes of the Susitna watershed in the

Long Term Monitoring Progra. now in preparation. If the monitoring program

indicates significant heavy metal bioaccUIDulation. plans will be prepared.

in consultation with appropriate state and Federal agencies. to mitigate

potential environmental hazards.
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ALASlCA POWER. AUTHOIlITY

SUSITtfA HYDROELECTRIC PROJECT

POSITION PAPER

FISHERIES ISSUE F-2.3

INTRODUCTION

Iasue

Significance of potential changes in heavy _tal concentrationa on sallllon

and resident fish habitats and populations dowastrealll of the daIIls.

position

It is the Alaska Powl[!r Authority's position that the Sus itna Hydroelectric

Project will not substantially increase the concentrat ions of IIlOst heavy

IRetals in fish of the Susitna R.iver system. Same increases in tissue levels

of _rcury are expected. to occur in reservoir and riverine fishes J but low

levels of biological activity in the reservoirs are expected to lIlinilllize

such increases. Mitigation _asures which are proposed by the Power

Authority include lIlonitoring of selected fish species for unsafe tissue

levels of total and/or methyllllereury.

DISCUSSION

Current Knowledge

Impound_nt of flowing waters can affect the dissolved eleaaent content of

the water J including t01tic trace _tals. The leaching of inundated soils

can initially elevate the concentrations of SOUle inorga.nic and organic

constituents in newly iIIlpounded reservoirs. These concentrations gradually

fall back as the reservoirs age (3 J 6 J 7).11 The elevated concentrat ions

are due to:

11 NUIIlbers in parenthese refer to literature listed in the bibliography at
the end of the paper.

J
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1. Dissolution of newly inundated soils and rocks,

2. Higher rates of mineral dissolution due to the chelation of metals

by natural organie solutes (Le., humic substances),ll

3. Microbial action upon metals in flooded top soil horizons.

All minerals are' soluble to so_ eztent. The inorganic content of surface

and groundwater reflects this solubility. COlIIplezing agents, however, can

cause a mineral to appear IIIOre soluble than would be predicted by its

thermodynamic solubility product (32). Natural organic acids are

ligandsll capable of binding Mtah I Humic substances!! are especially

noted for this and lIluch effort has been spent characterizing their binding

of metals (8, 11, 18, 30). Humic substances are leaching agents. They have

the ability to 1IIObilize a wide variety of _tal ions in rock weathering

processes. Their metal leaching ability is due to their role as ligands in

natural solutions. Metal complezing capacities of humic substances vary

with the sources of humus as well a8 with the Mtals (18). Humic substances

are cOlllllOn throughout the tundra bogs of the Susitna River drainage basin.

Review of data for total and dissolved metals concentrations in the Susitna

River provides insights into the natural lIlineral depos its in the watershed

as well as the propensity for Mtal-related biological effects after

impoundment. Metal IIlOnitoring in the Sus itna River has incl uded the ajor

cations calcium (Ca), IIl8gnesium (Kg), sodium (Na). and potassium (K), as

1.J Chelation is the fonration of a molecule (usually in ring fortll)
involving a metal ion and two or lIlore organic ions.

JJ In coordination chelllistry, the Mtal catioD is called the central
atoal. The ligands are anioDs Or molecules which donate both electrons
to form the coordinate bond (32).

i/ Humic substances enCOmpass a heterogenous polymer system composed of
complex organic lllOlecules. usually with· molecular weights of 300­
200.000. some of which are insoluble (huetns J, base soluble (humics),
or acid soluble (fulvics>, and all of which are derived from the
decomposition of vegetable or animal materials.

... ' ...- .' ...
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well as aluainum (Al). cadmium (ca) , copper (ce), iron (Fe), lead (Pb),

sanganese Om), bismuth (Bi), _rcury (Bg) , nickel (N~.. ) I selenium {Se}, and

zinc (Zn). Dissolved lead, nickel and selenium concentrations are very low

(if not below instrWDent deti!ction lilllits) and are considered insignificant.

Aluminum, iron, lllanganese, nickel. and bismuth (as dissolved, total, or

both) are reported in the License Application to exceed criteria for the

protection of freshwater organis. under the present. natural conditions

(2). However, in coaaparison to llIercury, cadmium, copper, and zinc, these

metals are les8 important in. a biololical sense because they are not

particularly toxic. Kercury. cadmiua.copper and zinc se. to be found in

high enough concentrationa in the Susitna River to warrant additional

disc~aion in this potition.,paper (2,26).

Many post-impoundment water quality studies in reservoirs have shovn that.

of the four more toxic metals ..ntioned above, only mercury systematically

bioaccumulates as a direct result of impoundment (l, 6. 22). Therafore.

mercury is given special attention in tbisposition paper.

Kercury

Concentrations in the Susitna River. The U.S. Geololical Survey (USGS) bas

monitored dissolved and total recoverable mercury at various points in the

SWJitu River. These data were inappropriately presented in tbe License

Application as Ftlures E.2.115 and E.2.1L6. The detailed mercury data.

taken directly from the annual USGS Water Resource Data reports, are shown

in Tab 1e 1. Total BS ranged frOID zero to 0.8 uSI L; dissolved Hg varied

between 0 and <0.5 ug/L. The levels of dissolved Hg shown in Table 1 are on

the high end of the range of Hg typically found in unpolluted North American

surface waters (23). The concentrat ions probably reflect natural depos its

in southcentral Alaska (20, cited in 23).

J
J
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Twenty-five to fifty percent of the total mercury in the Susitna River

occurs as the dissolved spec~es.1' Published investigatious have generally

found less than ten percent of the total mercury in aquatic environments to

be dissolved Hg. Mercury in natul."al waters is strongly associated with

suspended particles (18, 21, 23, 29). While dissolved organic ligands could

be responsible for the high percentage of Hg that is dissolved, comparison

oEthe dissolved Rga.nd dissolved orga.niccarbon in. Sus itna River wa.t~r

(Table 1) does not indicate! a simple relationship. Moreover. examination of

the data does not indicate an obvious on simple relationship between total

or dissolved Hg concentrations and the levels of dissolved organic carbon,

suspended aolida, or discharae in the Susitna River. This 1lI8y indicate a

need for further data and/or different tecbniques for s..pling and analysis

of mercury concentrations and .ercury species composition.

Potential Impacts on tbe Reservoir and Dovostreaa Fisberies. It bas been

demonstrated that mercury levels in aquatic biota can increase following

impound_nt ( 1, 6, 9). The source of tbe _rcury is the inundated soi19 •

Bodaly et al. (6) u-plicated .organic topsoil horizons as tbe major source of

accumulated mercury. Rudd et a1. (29), studying industrially produced

mercury pollution in a northwest Ontario river system. reported that most

mercury in tbe system was buried below surficial sediments (in organic-poor

sediments), and probably did not contribute substantially to mercury

bioaccumulation. Soils in the Susitna Project Uapoundment zones are fairly

typical of those formed in cold, wet climates on glacial till or outwash.

They include acidic, saturated, peaty soils of wetlands, acidic, relat ively

infertile soils of tbe forests. and raw gravels and sands along the river.

Mercury is generally bioaccumulated in the methylated form (l2). Methy­

lation occurs by microbial action on the Hg (II) ion in both aerobic and

anaerobic enviroDllll!ots. Conditions enhancing the metabolism of soil and

aquatic microorganisms will enhance mercury biomethylation. Rudd and Turner

(28) demonstrated increased mercury bioaccumulation in fish with increased

primary productivity. Wright and Hamilton (34) showed that an increase in

il Dissolved constituents are operationally defined as those that pass
through 0.45-microQ pore filters (26).
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microbial nutrients in sediments resulted in higher rates of mercury

methylation and bioaccumulation. They also showed even higher. rates of

mercury methylat ion upon th4! addie ion of mierobial nutrients to the water

colUlllll, indicating that methylation oceurs primarily at the sedimel1t-water

interface.

In contrast to methylmercury's tendancy to bi~ac~umulate, inorganic mercury

is strongly associated with inorganic particulates (la, 16, 21, 23). In

fact, appl icat ion of organic-poor sediments to .!! .!.!!! ~QC losures in a

_rcury concaainated systea in O1ltario resulted in decreased rate~ of bio­

aeculIlUlat ion (27). Laboratory tests by Jernelov and Lann (19) showed eh.. t

mercury biomethylation rate vas redueed to less than 0.1 percent of that in

untreated controls after treatment witb frelhly ground silica; tbe ledLments

apparent ly bound the mercury, ..king it less available for bioaethylat ion

and/or bioaeeuaaulation. In their .ereury aaelioracion study, lludd et ale

(29) concluded that elevated cOl1centrations of suspended aediaents

substantially reduced methylmercury accumulation in fish, while stimulation

of primary productivity increased methylmercury bioaccumulati~n.

Bioaccumulation is a function of an organism's rate of uptake versus

elimination. The bioaceumulation factor for mercury is high because its

uptake is relatively fast, bu~ its elimination relatively slow. High

teaperature accelerates the uptake of mercury compounds by accelerating the

metabolic and respiratory rates of the organisms and increasing the need for

food (12, 34).

Kercury levels in organislDS seem to vary directly with trophic position.

Piacivorous fish and other predators generally bave the highest concentra­

tions (24, 25). Work by liareite et a1. (14) in Canada showed the

magnificat.ion of mercury bioaccumulation frOll fisb to fish-eating birds.

"",
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BioaccUillulation of mercury occurs rapidly, witbin one to tbree years of

impound_nt 0, 6). Abernathy and Cumbie (1) deaonstrated that lIIercury

accU1ll1at ion by fisb in new South Carol ina impoundments decreases with

reservoir age, beginning a8 early as five years after impoundment. In

nortbern Manitoba, Bodaly et ale (6) found no significant declines in fish

mercury levels within five to eight years after impoundment. with the

possible exception of whitefiSh (Corelonu8 clupeaformis) • Reservoirs age

IDore quickly in the warm cHIMte of South Carolina than in the subarctic

conditions in northern Manitoba. The ..rcury methylation and bioaccumula­

tion rates in the Soaitna Project reservoirs, which ..y vary directly with

the aging process, will probably decrease due to the following combination

of factors: relathely cold teaperature, low levels of reservoir primary

productivity, death and replaceMnt of the initial fish populations. and a

continually deepening layer of predoainately inorganic sed~ent, which acts

as a blanket to isolate the inundated soils and vegetatioa. frOlll the

overlyia.g water column.

Review of the relevant literature supports the followia.g conclusions

regarding the potential for bioaccumulation of _rcury in fishes in the

SoaitnaReservoirs. After inundation, microbiological methylation of

mercury from the organic soil horizons of Watana and Devil Canyon Reservoirs

may result in mercury levels in the reservoir fish somewhat higher than

current concentrations. Ea.viroDlllea.tal conditioa.s at the sed~ent-water

interface in Wataa.a and Devil Canyon Reservoirs will tend to minimize

bi01lletbylatioa. and subsequent bioaccumulation of mercury in tbe reservoirs.

Methylmercury release from sediments at 4·C has been found to be 50 to 70

percent of that at 20·C, ia. laboratory studies ()4). Biomethylation 1ll&y be

directly related to microbiological activity in sediments (5, 34). This

implies tbat biometbylatLon will be low in the cold Susitna reservoirs.

Additionally, the bigb inputs of inorganic suspended sediments (glac ial

f l our ) may scavenge mercury from the water colUlll1. The suspended solids

that settle eo the floor of the reservoir will blanket the inundated soils

and vegetation, and tend to isolate the organic matter reported to be the

J
J
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_jar source of 1Mreury for lI8thylation and bioaccwaulation. Thus. even

though there _y be some detectable increases of mercury in reservoir fishes

in both impoundments, natural conditions should tend to keep these increases

low. Moreover. fish populations in the reservoirs are not expected to be

higb, nor are they expected to be significantly harvested by man (2. 13).

We bave found no studies of lI8reary accumulation in fisbdownstream of newly

. impounded reservoirs. The Uapact of the Project on lII!rcury accumulation in

fish downstre_ will liltely be a flDlction of tbe lII!rcury species and

quantities exported froa the reservoirs ad i!! !!.!.! effects involving

mercury in downstre_habitats. Sinee _rc:ury is transported primarily in

.u.peadon (inorganic Ba), a net reduction in the fluz of mercury dowstream.

will result frOID u.poundJMnt coastructioa. Quantitative eatillates of

.thylmercury export frOID the reaervoira cal1not be reliably predicted at

this time. Mercury accuaulation ia fish downstre.. fro. the dams may be

largely a process of iii situ _thylation and uptake. which will be

influenced by project-related changes in river productivity at all levels of

the aquatic ecosystem. lutream. mercary lllethylation (and accumulation) may

chaage with alterations in lllicrobial activity resulting frolll changes in

turbidity. productivity. and supply of organic material to methylating

bacteria.

Copper

Concentration in the Sua;'t1l4 tiver. The USGS has monitored total and

dissolved copper concentrations in the Suaitna River and has published this

information in their annual Water iesouree Data reports. Total and

dissolved copper concentrations are tabulated (Table 1). Total copper

ranged fra. lea. than 10 ug/L to 190 ug/L; dissolved copper rangedfrolll zero

to 12 ug/L. While total copper concentrationa in Sus itna River water are

typical of most rivers. dissolved copper concentrat ions are on the high end

of published concentration r&nges US. 23, 33). Thus. a relat ively high

percentage of copper in the Susitna River is transported as the soluble

form. Total copper appears to be linearly correlated with suspended solids,

but not to dissolved copper. Dissolved copper apparently is not related to

dissolved organic carbon.

410758
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potential Imp4cts on Reservoir and Dowstream Fisheries. Many studies have

shown that copper does not bioaccumulate, even in polluted waters. Copper

is, bow~ver, toxic to aquatic plants, invertebrates and fishes (23). Acute

toxicity to freshwater fbhes depends upon copper speciation, which is

largely a function of water hardness and concentrations of suspended solids

and organic ligands.

Copper is likely to be leacbed from inundated soils following the

impoundment of the Suaitna liver. We have found no studies of this

phenomenon in the published literature. However, increased concentrations

of humic solutes, frOID soils and decomposing vegetation, can bind metals in

the rocks and soU., and increase their concentration in the water column.

Schnitzer and lCahn (30 ) noted copper'. particular affinity for hUlDic

ligands. However, organocopper complexes are significantly less toxic than

free eu or hydroxocopper, so increased levels of dissolved copper do not

necessarily indicate a more biologically toxic condition in the aquatic

habitat (23).

Cadaium

Concentrations in the Susitna liver. Total and dissolved cadmium concentra­

tions in the Susitna liver are shown in Table 1. Total cadmium ranged from

zero to ten ug/L; dissolved cadmium was always determined to be less than 3

ug/L. Cadmium levels in the SUlitna liver do not seem to be. related to

river discharge, suspended solidi concentrations, or levels of dissolved

organic carbon. In fact, the concentrations of total and dissolved cadmium

are generally low, compar~dto thOle reported elsewhere (23).

Potential Impacts on leservoir· and Dowstream Fisheries. No published

.tudie. on cadmium leaching from inundated .oils in new ~poundments have

been found, but it may occur. A quantitative estimate of cadmiam leaching

from the project r~servoir(s) is not possible to make at this time.

Assuaing that soil cadmiulIl levels are not high (a potentially valid

assumption, given the low levels in river water), cadmium leaChing by humic

substances will be less than copper leaching, because cadmium has a much

lower af tinity for organic ligands than copper (32).

J
J
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Concentr4tions in tbe S118itn4 Iliver. Zinc levels in the Sus itna Iliver, as

reported by the USGS, are shown in Table 1. Total zinc varies frOlll 10 to

200 ug/L; dissolved zinc ranges frOlll zero to 30 ug/L. Zinc exists primarily

in the particulate fora in tbe Susitna River, contrary to a study by Tessier

et 41. (~3) on two rivers in Queb,c, wher'l!zinc w.. found to exist prilllarily

as the dissolved fora. In fact, lllany studies bave shown zinc in natural

vaters to be predOllinantly in the 801uble fraction (4 J 31). Total zinc in

the Susitna Iliver appear. to. be linearly related to suspended solid

concentrations, and seasonally fluctuate. in a lUnner su-Har to that of

suspended solid cOGeenerationa (and river discharge). Dissolved zinc does

not appear to be related to suspended solids J dissolved organic carbon, or

total zinc. Dissolved zinc ezhibits much less leasonsl variation than total

zinc, possibly indicating that p-oundwater is • _jor source of dissolved

zinc in the Susitns Iliver.

Potential bapacts on Reservoir and Downstream Fisheries. we have found no

reports of elevated zinc concentrations in newly i.lllpounded reservoirs. It

is po.sible that inundation of rock and soil will leach zinc into the water

coiuma, but it is bapossible to quantify this at present.

r-

r,

r

r

L

r

r

There is little evidence that zinc bioaceumulate.

ani.naa18 • The presence of organic chelates (i.e.,

signi fieantIy reduce sorption of zinc by fish (23).

KITlGATION

in exposed plant. or

bumic solutes) may
'-

Kitigation Mea.ures Endorsed by the Alaska Power Authority

The Alasta Power Authority has proposes to include tbe ~onitoring of mercury

bioaccumulation in selected sport fishes of the Susitna watershed in the

Long Term Konicoring Program now in preparation. If the ~nitoring program

indicates unsafe concentrations of _reury in selected sport fish tissues.

plans will be prepared. in consultation with appropriate state and Federal

agencies, to ~tigate for potential heavy metal-related enviroomental

hazards.
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