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ALASKA POWER AUTHORITY
SUSITNA BYDROELECTRIC PROJECT
POSITION PAPER
FISHERIES ISSUE F-2.3

EXECUTIVE SUMMARY

Issue

Significance of potential changes in heavy metal coucentratious on salmon

and resident fish habitats and populatious downstream of the dam.
Position

It is the Alaska Power Authority's Position that the Susitna Hydroelectric
Project will oot substaantially increase the conceantrations of most heavy
metals in fish of the Susitna River system. Some 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 exéected to minimize
such increases. No mitigation measures are proposed by the Power Authority
other than monitoring selected fish species for unsafe tissue levels of

total and/or methylmercury.

Present Knowledge

Aé reported in the License Application (2)1/, a number of metals in ﬁhe
Susitna River exceed criteria for the protection of freshwater organisms
under nachral conditions. The wost biologically significant of these metals
are mercury, copher, cadmium, and zinc., Of these, oanly mercury is both
present in high concentrations in the existing system and kunown to

bioaccumulate to unsafe levels in aquatic organisas.

Y  Numbers in pareathesis ideu:ify.reﬁerences listed at the end of the
paper.
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Various authors have reported elevated councentrations of some inorganic
coustituents in uewly impounded reservoirs (3, 6, 7). These increased

councentrations are due to:
1. Dissolution of inundated soils and rocks.

2. Increased rates of mineral. dissolution due to the chelation of
metal cations by humic substances. Chelation is the formation of

a molecule iavolving a metal ion and two or more orgamic ious.

3. Biologically-mediated action involving metals in flooded topsoil

horizons.

Post~impoundment wnter'quali:y studies in resetvdirs have shown oaly one
metal, mercury (Hg), to systematically bioaccumulate to ecologically
unsafe concentrations asla direcc'result of impoundment (1, 6, 22). Mercury
normally is biologically active ouly when combined with a methyl (CH3) ioam,
a process that is usually mediated by certain microbes. After impoundment,
microbial mechylétion of mercury associated with organic matter in soils and
newly inundated detritus of Watana and Devil Canyoa Reservoirs is likely to '
result in mercury levels in reservoir fish higher than curreat natural
concentrations. Certain eaviroamental conditions in the reservoirs will
tend to minimize mercury biomethylation and subsequent bioaccumulation,
notably:

1. Low year-round water temperature,
2. Low benthic microbiological activity,

3.  Blanketing of inundated organic matter with a layer of imorgamic

sediments,

4. BRelatively limited fish populations.
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The impact of the Project om mercury concentrations in downstream fishes
will likely be a function of several unknown and unpredictable factors: the
amount and chemical composition of mercury exported from the reservoirs, the
amount and chemiéal composition of mercury eiisl:ing in riverine habitats
downstream and in situ methylation and uptake of mercury in downstream
habitats. The flux of total mercury through aquatic habitats downstream of
the proposed reservoirs will be substantially less than under current
natural coanditions, but it is ﬁoc presently possible to accurately predict
the levels of methylmercury that will be discharged from the reservoirs.
Mercury accumulation in fish downstream may be largely due to inm situ
methylation and uptake, and it will probably be influenced by project-

induced changes in stream biological productivity at all trophic levels.

Cadmium, in coatrast to mercury, is not preseat ian high coaceatratiouns in
the Susitna River. Thus, it is uwot likely that appreciable counceantratious
will be leached from the soils inundated by the impoundment. Therefore,
although cadmium is known to bioaccumulate, the element is not likely to

have any substantial effect on fish resources in the Susitna River.

Zinc and copper can be toxic but are not known to bioaccumulate (23).
Leaching of these wmetals is neither predictable nor quantifiable at this
time. Leaching can be exacerbated by the presence of humic substances,
which are abundant in the watershed, but the toxicity of metals bound to

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

Resident species in both the impoundment zone and downstream habitats are
expecéed to be more subject to potential impacts of heavy metals than
anadromous species of fish. Anadromous salmon in riverine habitats
downstream of the project will accumulate only a small portion of their
total tissue coacentration of mercury while in fresh water. Most of the
accumulation of wmercury in salmon tissue will take place in the marine

environment and will not be detectably affected by the Project.
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Mitigation Measurzs Endorsed by the Alaska Power Authority

The Alaska Power Authority proposas to include the monitoring of mercury
bicaccumulation in selected sport fishes of the Susitna watershed in the
Long Term Moanitoring Program now in preparation. If the monitoring program
indicates significant heavy metal biocaccumulation, plans will be prepared,
in consultation with appropriate state and Federal agencies, to mitigate

potential envirommental hazards.
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ALASKA POWER AUTHORITY
SUSITNA HYDROELECTRIC PROJECT
POSITION PAPER
FISHERIES ISSUE F-2.3

INTRODUCT ION

Isasue

Significance of poteantial changes in heavy metal coacentrations oa salmon

and resident fish habitats and populations downstream of the dams.

Position

It is the Alaska Power Authority's position that the Susitna Hydroelectric
Project will uot substantially increase the concentrations of most heavy
metals in fish of the Susitna River system. Some increases in tissue levels
of mercury are expec:éd to occur in reservoir and riverine fishes, but low
levels of biological activity in the reservoirs are expected to minimize
such increases. Mitigation measures which are proposed by the Power
Authority include wmonitoring of selected fish species for unsafe tissue

levels of total and/or methylmercury.
DISCUSSION

Current Knowledge

Impoundment of flowing waters can affect the dissolved element content of
the water, including toxic trace metals. Thé leaching of inundated soils
can initialiy elevate Cthe concentrations of some inorganic and organic
coustituents in newly impounded reservoirs. These concentrations gradually
fall back as the reservoirs age (3, 6, 7)1/ The elevated coucentrations

are due to:

1/ Numbers in parenthese refer to literature listed in the bibliography at
the end of the paper.,
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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 organic solutes (i.e., humic substances),2/
3. Microbial action upon metals in flooded top soil horizonms.

All minmerals are soluble to some exteat. The inorganic conteat of surface
and groundwater reflects this solubility. Complexing agents, however, can
cause a mineral to appear more soluble than would be #redicted by its
thermodynamic solubility produet (32). Natural organic acids are
ligandall capable of binding metals, Humic substances?/ are especially
noted for this and much effort has been spent characteriziag their binding
of metals (8, 11, 18, 30). Humic substances are leaching agents. They have
the ability to mobilize a wide variety of metal ioans in rock weathering
processes. Their metal leaching ability is due to their role as ligands in
natural solutions. Metal complexing capacities of humic substances vary
with the sources of humus as well as with the metals (18), BHumic substances

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

Review of data for total and dissolved metals coancentrations in the Susitna
River provides insights into the natural mineral deposits in the watershed
as well as the propeansity for wmetal-related biological effects after
impoundment, Metal monitoring in the Susitna River has included the major

cations calcium (Ca), magnesium (Mg), sodium (Na), and potassium (K), as

2/ Chelation is the formation of a molecule (usually in ring form)
‘involving a metal ion and two or more organic ioms.

4/  In coordination chemistry, the metal cation is called the central
atom. The ligands are anions or molecules which donate both electronms
to form the coordinate bond (32).

&/ Humic substances encompass a heterogenous polymer system composed of
complex organic molecules, usually with. molecular weights of 300-
200,000, some of which are insoluble (humins), 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 aluminum (Al), cadmium (Cd), copper (Cu), iron (Fe), lead (Pb),
manganese (Mn), bismuth (Bi), mercury (Hg), nickel (N:), seleaium (Se), and
zinc (Zn). Diassolved lead, nickel and selenium concentrations are very low
(if not below instrument detection limits) and are considered insignificadt.
Aluminum, iron, manganese, nickel, and bisﬁuth (as dissolved, total, Vcr
both) are reported in the License Application to exceed criteria for the
protection of freshwater organisms uander the present, natural counditioms
(2). However, in comparison to mercury, cadmium, copper, and zinc, these
metals are less important in a biological sense because they are not
particularly toxic. Mercury, cadmium, copper and zinc seem to be fouand in
high enough concentrations in the Susitna River to warrant additiomal

discussion in this positioa-paper (2,26).

Many post-impoundment water quality studies in reservoirs have shown that,
of the four more toxic metals mentioned above, only mercury systematically
biocaccumulates as a direct result of impoundment (1, 6, 22). Therafore,

mercury is given special atteantion in this position paper.

Mercury

Concentrations in the Susitna River. The U.S. Geological Survey (USGS) has

monitored dissolved and total recoverable mercury at various points in the
Susitna River. These data were inappropriately presented in the License

Application as Figures AE.Z.llS and .E.2.116. The detailed mercury data,
taken directly from the annual USGS Water Resource Data reports, are shown
in Table 1. Total Hg ranged from zero to 0.8 ug/L; dissolved Hg varied
between 0 and <0.5 ug/L. Tﬁe 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 concentrations probably reflect natural deposits

in southcentral Alaska (20, cited im 23).
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Twenty-five to fifty perceat of the total mercury in the Susitna River
occurs as the dissolved species.i/ Published investigations have generally
found less thaa ten percent of the total mercury in aquatic envirouments to
be dissolved Hg. Mercury in natural 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, comparisom
of the dissolved Hg and dissolved orgamic carbon in Susitna River water
(Table 1) does not indicate a simple relationship. Moreover, examination of
the data does not indicate an obvious onm simple relationship between total
or dissolved Hg coocentrations and the levels of dissolved organic carbon,
suspended sgolids, or d-isclurge in the Susitna River. This may indicate a
need for further data and/or different techniques for sampling and analysis
of mercury coanceatratioas and wmercury species composition.

Potential Impacts on the Reservoir and Dovnitreu Fisheries. It has been

demonstrated that mercury levels in aquatic biota can increase following

impoundment (1, 6, 9). The source of the mercury is the inundated soils.
Bodaly et al. (6) implicated organic topsoil horizons as the major source of
accumulated mercury. Rudd et al. (29), studying industrially produced
mercury pollution in & northwest Ontario river system, reported that most
mercury in the system was buried below surficial sediments (in organic-poor
sediments), and probably did aot contribute substantially to mercury
bioaccumulation. Soils in the Susitna Project impoundment zones are fairly
typical of those formed in cold, wet climates om glacial till or outwash.
They include acidic, saturated, peaty soils of wetlaads, acidic, relatively
infertile soils of the forests, and raw gravels and sands along the river.

Mercury is generally bioaccumulated in the methylated form (12). Methy-
lation occurs by microbial action on the Hg (II) ion in both aerobic and
anaerobic eavirouments. Conditions enhancing the metabolism of soil and
aquatic microbrganisms will enhance mercury biomethylatioa. Rudd and Turner
(28) demonstrated increased mercury bioaccumulation in fish with increased
primary productivity. Wright and Hamilton (34) showed that an increase in

2/ Dissolved constituents are operationally defined as those that pass
through 0.45-micron pore filters (26).
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microbial nutrients in sediments resulted in higher rates of mercury
methylation and biocaccumulation. They also showed even higher rates of
mercury methylation upon the addition of microbial nutrieats to the water
column, indicating that wmethylation occurs primarily at the sedimeat-water

interface.

In contrast to methylmercury's tendancy to bioaégunulate, inorganic mercury
is scréngly associated with inorganic particulates (10, 16, 21, 23). In
fact, application of organic-poor sediments to im situ @gnclosures in a
mercury contaminated system in Ountario resulted in decreased rates of bio-
accumulacion (27). Laboratory tests by Jernelov and Lann (19) showed chat .
mercury biomethylation rate was reduced to less than 0.1 percent of that in
untreated controls after treatment with freshly ground silica; the sediments
apparently bouad the mercury, making it less available for biomethylation
and/or bioaccumulation. - In their mercury amelioratiom study, Rudd et al.
(29) concluded that elevated concentrations of suspended sediments
substantially reduced methylmercury accumulatioan in fish, while stimﬁla:ion

of primary productivity increased methylmercury biocaccumulatioa.

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

elimination. The bioaccumulation factor for mercury is high because its

uptake is relatively fast, but its elimination relatively slow. High
temperature accelerates the uptake of mercury compounds by accelerating the
metabolic and respiratory rates of the organisms and increasing the need for

food (12, 34).

Mercury levels in organisms seem to vary directly with trophic position.
Piscivorous fish and other predators generally have cthe highest couaceatra-
tions (24, 25). Work by Fimreite et al. (14) in Canada showed the

maguification of mercury bicaccumulation from fish to fish-eating birds.
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Sugpended Dissolved  Cadmitm Irom Mer: v
Date Discharge Solids  Orgmic ¢ Tocal Tis= =  Tal b= Tl bo- Tl %
doy  (cfs) (mg/L) (ow/L) solved solved solved ._solved
Station: Susitna River at Gold Creek (15292000)
140677 52,000 915 - a0 - 0 - 20,000 100 0.2 - 0 -
100877 20,000 656 - a0 - 0 - 18,000 - 03 - o -
041077 8,50 2 - a0 - a0 - 80 40 0.2 - 0 -
20681 17,0 X7 2.8 0o < A1 4 15,000 90 04 O 0 .6
210781 42,600 680 18,0 5 1 19 5 19,000 120 0.3 0.2 120 10
200382 1,50 8 1.6 A <3 2 1 W 15 0.1 <0.1 10 <12
olo7& 2,500 303 2.0 1 1 3 3 12,000 140 0.2 <0.1 0
160982 %,600 812 - 1 a %6 7 14,000 120 0.2 <0.1 0 5
Station: Susitna River at Sunshine (15292780)
250381 3,800 2 2.6 0 5 4 160 40 0.1 0.1 2 0
250681 55,000 735 - 0 4 2 4 2,000 190 0.6 O 20 6
230781 8,30 N3 4,7 1 o Q2 3 23,000 25 0.3 0.1 90 2
020782 58,700 659 4.7 a a 0 S 20,000 - 220 0.2 <0.1 N 9
1592 70,100 1,620 - a 41 5 12 29,000 200 0.2 0.1 10 17
Station: Susitna River at Susitna Statiom (15294350)
031085 47,500 199 - 10 O 2 5 3,800 120 0.2 0.2 10 10
170376 5,380 2 - 10 o 10 2 %0 0.1 0 0
2805% 67,900 257 - 2 1 W 10 3,300 140 0.5 <0.5 D 0
260776 9,100 785 - 0 o sa 0 26,000 D 0.3 10 0
0610% 0,600 191 - <10 0 0 1 5,600 40 0.3 0.4 0 10
090377 6,90 - - a0 o a0 2 %0 90 0 0 2 10
230577 86,800 378 - <10 0 2 1 10,000 150 0 0 0 2
190877 148,000 1,490 0.1 0 1 90 1 42,000 D 0.2 0 180 4
131277 7,020 10 0.7 0 o 7 4 W @ 0 0 20 10
050478 6,420 2 - 1 1 3 1 20 & 0 0 10 10
240578 55,300 - 1.8 0 1 % 4 5,600 110 6.1 0 0 10
170778 120,000 773 2.3 2 1 4 1 24,000 2 0.2 0.1 9 10
1501 9,890 3 9.3 0 1 3 2 490 90 6.1 0 0 3
405™® 8,00 6833/ 6.8 1 o 5 4 14,000 170 0.2 0 O 10
1906@ 95,200 416 0.9 1 1 2 1 12,000 O 0.1 O €0 10
1799 87,00 901 0.6 0 7 1 26,000 4 0.1 O N G
120380 9,360 3 - 0 o 5 2 450 150 0.1 O 0 A
160680 144,000 458 5.9 0 - % 2 16,000 2 01 © 0 G
300780 207,000 1,490 3.7 0 o 5 3 38,000 140 0.1 0 40 7
09048l 7,780 4 2.1 0 A 3 0 B0 160 0.1 © 0 G
120681 88,600  326. 3.4 2.« 8 7 15,000 90 03 O 0 2
150781 173,000 920 2.9 0 A 90 5 28,000 0 0.8 0.2 10 6
090482 4,000 9 - a <3 2 1 320 65 0.1 <0.1 10 <12
190582 54,300 = 526 - a s B S5 9,900 190 0.1 <0.1 60 <12
140782 103,000 797 - 1 4 2 3 7,90 6 0.2 0.2 10 S

1/ A1l concentrations are in micrograms per liter wnless otherwise indicated
2/ Estimated
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Bioaccumulation of mercury occurs rapidly, within ome to three years of
impoundwent (1, 6). Abernathy and Cumbie (1) demonstrated that wmercury
accumlation by fish in new South Carolina impoundments decreases with
reservoir age, beginning as early as five years after impouddment. In
northeran Manitoba, Bodaly et al. (6) found no significant declines in fish
mercury levels within five to eight years after impoundment, with the

possible exception of whitefish (Coregonus clupeaformis). Reservoirs age

more quickly in the warm climate of South Carolina than in the subarctic
conditioas in northern Manitoba. The mercury methylation and bioaccumula-
tion rates in the Susitna Project reservoirs, which wmay vary directly with
the aging process, will probably decrease due to the following combination
of factors: relatively cold :eupetitute, low. levels of reservoir primafy
productivity, death and replacement of the initial fish populations, and a
coantinually deepening layer of predominately ino:;ganic sediment, which acts
as a blanket to isolate the inundated soils and vegetation from the

overlying water columa.

Review of the relevant 1literature supports the following conclusions
regarding the potential for bioaccumulation of mercury in fishes in the
Susitna -Reservoirs. 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
curreat concentratioas. Enviroonmental coaditions at the sediment-water
interface in Watana and Devil Canyoan Reservoirs will tend to wminimize
biomethylation and subsequent bicaccumulation of mercury in the reservoirs.
Methylauercury release from sediments at 4°C has been found to be 50 to 70
percent of that at 20°C, in laboratory studies (34). Biomethylation may be
directly related to microbiological activity .i.n sediments (5, 34). This
implies that biomethylation will be low in the cold Susitna resérvoirs.

Additionally, the high iaputs of inorganic suspended sediments (glacial

. flour) may scavenge mercury from the water column. The suspended solids

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

and vegetation, and teund to isolate the organic matter reported to be the
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major. source of mercury for methylatioan and bioaccum.:lal:ion_. Thus, even
though there may 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

high, nor are they expécted to be significantly harvested by man (2, 13).

We have found no studies of mercury accumulation in fish downstream of newly
_impounded reservoirs. The impact of the Project on mercury accumulation in
fish downstream will likely be a function of the wmercury species and
quantities exported from the tesefvoira .and in situ effects involving
mercury in downstream habitats. Since wercury is transported primarily in
suspension (inorganic Hg), & net reduction in the flux of mercury downstream
will result from impouandment construction. Quantitative estimates of
methylmercury export from the reservoirs cannot be reliably predicted at
this time. Mercury accumulation in fish downstream from the dams may be
largely a process of in situ methylation and uptake, which will be
influenced by project-related changes in river productivity at all levels of
the aquatic ecosystem. Instream mercury methylation (and accumulation) may
change with alterations in microbial activity resulting from changes in
turbidity, prodhctivity, and supbly of organic material to methylating
bacteria.

Copper

Concentration in the Susitna River. The USGS has mouitored total and

dissolved copper councentrations in the Susitna River and has published this
information in their .annual Water Resource Data reports. Total and
dissolved copper concentrations are tabulated (Table 1). Toﬁal copper
raaged from less than 10 ug/L to 190 ug/L; dissolved copper ranged from zero
to 12 ug/L. While total copﬁer concentrations in Susitna River water are
typical of most rivers, dissolved copper coacentrations are on the high end
of published concentration ranges (15, 23, 33). Thus, a relatively high
percentage of copper in the Susituna 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.
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Potential Impacts on Reservoir and Downstream Fisheries. Many studies have

shown that copper does not biocaccumulate, even in polluted waters. Copper
is, however, toxic to aquatic plants, iavertebrates and fishes (23). Acute
toxicity to freshwater fishes depeads upon copper speciation, which 1is
largely ‘a function of water hérdness and coacentrations of suspended solids

and organic ligaunds.

Copper is likely to be leached from inundated soils following the
impoundment of the Susitana River., We have found no studies of this
phenomenon in the published literature. However, increased concentratious
of humic solutes, from soils and decomposing vegetation, can bind metals in
the rocks and soils, and increase their councentration in the water column.
Schnitzer and Kahn (30) noted copper's patticuiar affinity for humic
ligands. However, organocopper complexes are significantly less toxic than
free Cu or hydroxocopper, so increased levels of dissolvéd copper do not-
necessarily indicate a more biologically toxic coundition in the aquatic
habitat (23).

Cadmium

Councentrations in the Susitna River. Total and dissolved cadmium conceatra-

tions in the Susitaa River are shown in Table 1.  Total cadmium ranged frdm
zero to ten ug/L; dissolved cadmium was always determined to be less than 3
ug/L. Cadmium levels in the Susitna River do not seem to be related to
river discharge, suspended solids conceantrations, or levels of dissolved
organic carbon. 1Im fact, tﬁe concentrations of total and dissolved cadmium

are generally low, compared to those reported elsewhere (23).

Potential Impacts on Reservoir and Downstream Fisheries. No published

studies on cadmium leaching from inundated soils in new impoundments have
been found, but it wmay occur. A quantitative estimaﬁe of cadmiam leaching
from the project reservoir(s) is not possible to make at this time.

Assuming that soil cadmium levels are not high (a potentially wvalid
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 affinity for organic ligands than copper (32).
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Zine

Concentrations in the Susitna River. Zinc levels in the Susitna River, as
reported by the USGS, are shown in Table 1. Total zinc varies from 10 to
200 ug/L; dissolved zinc ranges from zero to 30 ug/L. Zinc exists primarily
in the particulate form in the Susitna River, coatrary to a study by Tessier
et al. (33) on two rivers in Quebec, where zinc was found to exist primarily
as the dissolved form. 1In fact, many studies have shown zinc in natural
wvaters to be predominantly in the soluble fraction (4, 31). Total zin¢ in
the Susitna River appears to be linearly related to suspended solid
concentrations, ‘and seasonally fluctuates in a msaaner similar to that of
suspended solid concentrations (end river discharge). Dissolved zinc does
not appear to be related to suspended solids, dissolved o:gdnic carbon, or
total ziac. Dissolved ziac exhibits much less seasonal variation than total
zinc, possibly indicating that groindvater is a8 major source of dissolved
zinc in the Susitua River.

Potential Impacts on Reservoir and Downstream Fisheries. We have found no

reports of elevated zinc concentrations in newly impounded reservoirs. It
is possible that inundation of rock and soil will leach zianc into the water
column, but it is impossible to quantify this at present.

There is little evidence that zinc biocaccumulates ian exposed plaants or
animals. The presence of organic chelates (i.e., humic solutes) may
significantly reduce sorption of zinec by fish (23). '

MITIGATION

Mitigation Measures Endorsed by the Alaska Power Authority

The Alaska Power Authority has proposes to include the monitoring of mercury
bioaccumulation in selected sport fishes of the Susitna watershed in the
Long Term Monitoring Program now in preparation. If the monitoring program
indicates uansafe coacentrations of mercury in selected sport fish tissues,
plans will be prepared, in coausultation with appropriate state and Federal
ageucies, to mitigate for potenﬁial heavy metal-related environmental
‘hazards.
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