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ABSTRACT

1. In the laboratory potassium ions were lethal to 4 species of freshwater mussels.
Eleven ppm K was lethal to 90% of Actinonaias carinata, Lampsilis radiaia siliquoidea,
and Fusconeia fleva in 36-32 days of exposure, and 7 ppm K was fatal to the latter 2
species in about 8 months. Amblema plicata was almost as sensitive as the other species.
Similar K ion concentrations occur naturally in many North American rivers.

2. On the basis of National Water Quality Network data on potassium concentrations
and the concentrations lethal to mussels in the laboratory, it was predicted that certain
rivers would not have mussels and others would. Known distribution of mussels was
generally correlated with the predicted locations. In 1 study the 6 rivers with more than 7
ppm K were not reported to have mussels. Mussels were reported from 28 of 39 rivers
with less than 4 ppm K but frem only 2 out of 10 rivers with 4-7 ppm K.

3. On the basis of the laboratory and field dats, the predicted maximum safe level for
the continued existence of most freshwater mussels is 4-10 ppm potassium. It is
recommended that the concentration of potassium not be allowed to increase in mussel

producing rivers if the concentration is above 4 ppm.

INTRODUCTION

This investigation owes its origin to the
chservation by Koshtoyants & Salanki
(1958) that addition of K1 to produce a
dissolved potassium fon concentration of
10-*M (39 ppm} exceedingly altered the
“daily activity pattern” of the freshwater
mussel, Anodonta cygnea {Linnacus)
(Unionidae: Anodontinae), and by the
knowledge that this concentration was not
much greater than that found in some
rivers. Although mortality of A. cygnea
was not reported, the exposures were for
only about 1 week, and thus it was pos-
sible that longer exposurcs at lower con-
centrations would be lethal to these
mussels. Eilis, Merrick & FEllis (1931)
studied the effect of potassium on fresh-
water mussels but only at concentrations of
0.1% KC1 or more. The purpose of the
present investigation was to study the pos-
sibility that potassium at concentrations
found in some rivers was lethal to North

American mussels. These are rapidly
dwindling in numbers [according to
Stansbery (1970) at least 8 species have
recently become extinet because of Man’'s
activities], and have considerable commer-
cial importance (Neel & Allen, 1964,
Lopinet, 1967, Isom, 1969)

MATERIALS AND METHODS

A preliminary exposure of mussels to
abeut 30 ppm potassium and a 2nd ex-
posure to about § ppm potassium were
conducted in order to vield a preliminary
indication of the toxic concentrations of
potassium. Two more experiments fol-
lowed each with 4-5 concentrations and a
control.

Testing apparatus

The testing apparatus was effectively
the same in all the experiments and will be
described only for the Ist experiment.
There was a flow of fresh water con-

"The normal active phase lasted 30-100 hours and the rest phase 5-15 hours but after potassium addition hoth

phases were 3-5 hours.
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FI1G. 1. Potassium toxicity testing apparatus.

taining a constant concentration of potas-
sium into the test chamber. A 20 liter
stainless steel chamber contained the test
animals and received 1.0 liter of the test
water at regular (32.5-56.1 min.} in-
tervals. This interrupted flow was ob-
tained by first directing water into a liter
flask which emptied about hourly upon
filiing to the level of a siphon tube (Fig.
L} As the water passed down a tygon tube
towards the experimental chamber it
received a precise aliquot of prepared
highly concentrated KCI solution through
a capillary tube because of the venturi
effect. Daily measurements of the volume
of highly concentrated KC1 solution re-
moved were used to calculate the actual
diluted concentration in the testing
chamber,

The potassium ion concentration ranged
between 24.4 ppm and 34.4 ppm (=30.1

ppm). The concentration in the 2nd ex-
periment was held at about & ppm. This
caleulated concentration was veritied on 2
occasions by the colorimetric method as
detailed in Standard Methods for the Ex-
amination of Water and Waste Water (cf.
Anonymous, 1987: 240-242), The
measurements were 9,65 ppm and 585
ppm.

For the final experiments the cal-
culated potassium ion concentration was
verified throughout each experiment’s
duration by the Hame emission method on
4-5 day composite samples of water from
the testing chambers. Table 1 shows the
mean flame emission concentrations as
well as the range (highest and lowest
measured values). The daily calenlated
concentrations were close to the flame
emission composite averages, Note the low
potassium concentration in untreated
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TABLE | Water qualities present in the 3rd and 4th experiments on KC1 toxicity.
Third experiment {December 19, 1968-January 25, 1969)
Potassium flame emission concentration (ppm)
i
Mean: 57 35 24 15 11 {control)
Range: 54.0-60.8  325-36.4 22.3-25.0 13.8-13.§ 9.9-12.4 0.8-1.0

Water introduced

por hour (fiters) 2.7 2.7
Hlumination

(foot candies) 22 22
Velocity of water

current (foet

per seeond) .20 6.20
pH (January 2) 7.5 7.5

2.4 2.7 2.6 1.9
21 22 19 16
0.20 0.14 011 0.26
7.5 7.5 7.5 7.5

Fourth experiment (July 14, 1969-May 14, 1970)

Potassium flume emission concentration (ppm)

Mean: 57
Range: 4770
Water introduced per
hour {liters) 6.9
iHumination
(foot candies) 22

37 11 7 1

36.3-384  9.7-11.9 5.5-8.2 0.5-1.1

4.9 5.0 3.5 4.0

22 22 19 16

{control) test water.
Collection and handling of animals

Three- to six-inch Amblema plicata
(Sav), Lampsilis radiate siliguoidea
{Barnes), Actinonaids carinate {Barnes),
Lampstlis ovata ventricose (Barnes), and
Fusconaia flava (Ratinesque) were chosen
as test species for 2 reasons. They belong
ta the clam harvester's commercial 3 ridge,
mucket, pockethook, and pigtoe forms
respectively  (Lopinot, 1967). Secondly,
they were collected from local rivers
havirg a calcium content that was
analvsed and found to be at most 20%
greater than that of the laboratory test
water (described under “test conditions™)
of 13.5-13.7 ppm. This small difference
minimized caleium content, a major con-
stituent of mollusks, as z difference

between natural and test water. Amblema
plicata is known also as Amblema costata
Rafinesque or Crenodonta costata
{Rafinesque), and Actinonaias carinata as
Actinongias ligamenting (Lamarck),

For the 1st experiment, 17 mussels were
coliected in November 1967 from the Eau
Claire and St. Croix Rivers, Wisconsin,
and maintained at 10-12° C and 5-5.5 ppm
dissolved oxygen until testing which began
on January 28, 1968, These included 4
Lampsilis radiata siliquoidea, 4 Lampsilis
ovate ventricosa. 8 Fusconaia flava, and 1
Amblema plicata. For the 2nd experiment
8 Lampsilis radiata sitiquoidea, 9 Lamp-
silis ovata veniricose, and 6 Fusconaia
flava were collected from the Fau Claire
River and held at 5° C and saturated dis-
solved oxygen until testing began about 2
weeks later, on April 7, 1968. Specimens of
these species from the collection sites on




100 M. J. IMLAY

the St Croix and Eau Claire Rivers were
identified by Dr. Henry van der Schalie.
For the 3rd experiment each of 6 testing
chambers received 10 Actinonagias carin-
ate on December 11, 1968, Almost all of
these animals were from collections of
equal numbers made on October 28 and
Decermnber 6 from Yellow River, Wis-
consin, a few miles above the St Croix
River. However another collection of what
was believed to be the same species from
the Yellow River was identified by Dr
DPravid Stanshery as containing about 33%
Lampsilis radiata siliquoidea. He re-
marked (pers. comm.) that “The Yellow
River material was most interesting since
the Lampsilis radiate luteole (Lamarck,
1819) (=siliquoidec Barnes, 1823) are so
very similar in shell characters to the
Actinonaias ligamenting (Lamarck, 1819)
{(=carinata Barnes, 1823) from the same
site.” Both species are members of the
unjonid subfamily Lampsilinae, but there
was no way of knowing which specimens
of each had been included in the experi-
ment. However, the absence of any bimo-
dality in: the resuits makes this experiment
usable. Amblema plicata was collected
from Moose River, Minnesota, near the
city of Sturgeon Lake, on November 25
and 27, The clams were maintained in
water saturated with oxygen at about 10°
C until testing (potassium was introduced
on December 19}, There were not enough
Amblema plicate for 10 specimens per
testing chamber since ice cover prevented
sulficient collecting: each chamber
received only 8 or 9 Amblema plicaia.
Lampsilis radiate siliquoidea and
Fusconaia flava were used for the 4th
experiment. Ten mussels of each species
per test concentration were collected from
Ox Creek, Wisconsin (uppermost tributary
of St. Croix River) on July 14, 1969, and
exposure to potassium began the same
day. Conditions at Ox Creek were
potassium, 0.4 ppm, temperature, 28.4°C
{19°C on July 10); alkalinity, 38 ppm; total
hardness, 38 ppm; calcium, 15.6 ppm; and

magnesizm, 4.3 ppm.

The exposure extended for over 300
days and the mussels were fed 1 gram of
trout fry commercial feed per test chamber
twice daily. No successful report for
rearing mussels {other than glochidia) in
the laboratory was found in the literature,
although Florkin (1938) studied adult
mussels of Anodonia cygnea in running
tap water without nourishment for 22
manths before the mussels succumbed.

The mussels in the 3rd and 4th experi-
ments were examined daily for mortality,
and mussels with gaping valves which re-
mained open after an attempt was made to
close them by hand were considered dead.
For uniformity among the tests at each
potassium  concentration, each testing
chamber received | mussel from each of 10
size calegories.

Testing conditions

Laboratory conditions of temperature,
pH, ete., similar to those in natural con-
ditions, were maintained satisfactorily for
the weli-being of the animals. Except for
the 4th experiment which utilized un-
treated water pumped directly to the lab-
oratory from Lake Superior, the test water
was Lake Superior city water dechlor
inated with carbon filters,

In order to provide lighting similar to
natural conditions, combined fluorescent
{Durotest® optima F8) and incandescent
llumination were used; phoioperiod was
automatically adjusted to the local
(Duluth) conditions. Foot candles of illu-
mination at the water surface for the final
experiments are shown in Table 1.

{1: the Ist experiment (Fig. 1), mixing in
the test chamber was adequate because
the water entered parallei to the channel
of the ellipsoid tank at a high velacity. In
the 2nd experiment, rotating paddle
wheels provided a continuous current of 1
ft/7 sec

Electrical stainless steel stirrers set obli-
quely in each ellipsoid chamber in the 3rd
and 4th experiments provided the flow

*Mention of commercial products does not constitute endorsement by the United States Environmental

Protection Agency.
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FIG. 2. Number of live mussels (Actinonaias carinata) during exposure to potassium.

rates shown in Table 1; these rates simu-
late stream conditions. Table I shows the
amount of water entering each test cham-
ber per hour in the 3rd and 4th experi-
ments. The total volume of a test chamber
was 32.5 liters. From this information one
can calculate turnover rates, if desired.
pH readings taken on January 2 in the
3rd experiment are shown in Table 1. In
the 4th experiment, pH was measured
weekly in all chambers and varied from

7.0-7.9.

Temperature was measured several
times a week in all chambers and in the 1st
experiment ranged from 1i-13°C, in the
2nd experiment from 14-18°C, in the 3rd
experiment from 15-19°C and in the 4th
experiment from 16-21°C.

Dissolved oxygen was measured once
weekly in all test chambers with the azide
maodification of the Winkler method;
measurements were also made each time
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FIG. 3. Number of live mussels (Amblema plicate) during exposure to potassium.

more than one mussel died.

Dissolved oxygen, with one exception (1
ppm 2 days in highest concentration of
potassium of 3rd experiment), was always
much greater than that found to be re-
quired for these species of mussels in con-
current experiments and ranged from 4.5-
9.6 ppm.

In the 4th experiment total hardness,
calcinm hardness, acidity (as mg/]
CaC(*, Anonymous, 1967) and alkalinity

were measured in all test chambers and
varied from 45-51.5 ppm, 34-40 ppm, 1-2
ppm, and 43.5-45 ppm CaCO?, respec-
tively,

RESULTS
None of the mussels in the lst experi-
ment (about 30 ppm potassium} died in
the first 17 days of exposure, but more

than half died one by one in the next 15
days. Those which died were 4 Lampsilis




POTASSIUM TOXICITY TO MUSSELS 103

ABTHD L O O
A3TIC3 OO
=
i
o
-4 A =
o
’..
o
o
t_
=
[
¥
z
o)
Q0
E AfoI0e 853100
o abifcici085 3200
v
@ ATho KDL ICICODIDICD 9 B
<
- A7[CIOOIIONICICI0ICIOINICIOIOI0I0 100
o]
a.
Al

A= LAMPSILIS RADIATA SILIQUOIDEA
FUSCOMAIA FLAVA

010 10 10 10 10 10 1010 10 10 10 1010 1010 10 10 1310 10 10 10 10 10 10 10 10 iOlOEOIOIOiOiOlQlOIOIOEOEO

299 999 899399

O |
AROICICIDIDINIDRICKIDICICIVICINVIDIDIDIDINICINY 39 999
0

I5 30 45 60 75 90 106 120 135 150 165 180 (95 210 225 240 2656 270 285 300

DAYS OF EXPOSURE

FIG. 4. Number of live mussels
potassiuvm,

out of the initial 8 animals, and 5
Fusconain flava out of the initial 8,

In the 2nd experiment (about 9 ppm
petassium), 36 days of exposure brought
the death of 6 mussels while 16 mussels
died in the next 31 days of exposure.

Figs. 2, 3, and 4 show the number of
days of exposure required to kill speci-
mens of each species at each potassium
concentration in the 3rd and 4th experi-
ments. Eleven ppm was lethal to 90% of
Actinonaias carinate in 36 days (Fig. 2).
Amblema plicata was not quite as sensi-
tive (Fig, 3). In 36 days 530% had died in 15
ppm K. Lampsilis radiata siliqueidea and
Fusconaia flava were tested at lower con-
centrations and died in about 8 months at
7 ppm K (Fig. 4). Mortality was much
more rapid at 11 ppm. Only 1 of the 40
control animals died while the test animals
were undergoing exposure. Further, on
March 26, 2 months after the last day of
exposure to potassium in the 3rd experi-

{ Lampsilis radiata sifiquoides and Fusconaia flave) during exposure to

ment, only 1 of the 20 control animals had
died. Conditions for the 2 months re-
mained the same as during exposure (same
temperature, oxygen, retention time, etc. ),
and consequently it is evident that the
control animals had been in healthy condi-
tion during exposure,

In conclusion 2 species of the amblemid
subfamily Ambleminae (Amblema plicata
and Fusconaie flava) and 2 species of the
unionid subfamily Lampsilinae {Lampsilis
radiata siliquoidea and Actinonaias cari-
nate) are mortally sensitive to very low
levels of potassium.

DISCUSSION

Toxicity and distribution

The laboratory experiments demon-
strated that the 4 species tested from 2 of
the 3 subfamilies of unijonid clams were
killed by concentrations of potassium
lower than those found in some rivers of
the United States (c¢f. National Water
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Quality Network, 1962). K* {11 ppm)
killed 90% of Lampsilis radiata siliquo-
idea and Actinongios carinate in 36-45
days. Eleven ppm was about as lethal to
Fusconaia flava. From the rate of change
of minimum lethal concentration with
time it can be expected that with longer
exposures, lower concentrations would
produce mortality. The chronic test at 7
ppm destroyved laboratory populations of
Fusconaia  flava and Lampsilis radiata
siliguoidea in about 8 months. Further-
more, most studies of clams and other
animails show that reproduction and/or
growth are prevented at sublethal con-
centrations- of various toxicants. Inhibi-
tion of spawning in fathead minnows
{(Mount, 1968) by copper, and reduced
growth of clam and oyster larvae (Fidu,
1965} by detergent, are examples. Re-
production, survival, and growth are, of
course, all necessary for the ultimate exist-
ence of a species. There is evidence that

glochidial larvae of Anodonta may be
moere sensitive than adults to KC1. Labos
& Saldnki (1963) found the glochidia to re-
spond by abnermal activity te concentra-
tions as low as 10#M KC1 (3.91 ppm K}
and sometimes even lower. Thus it is pos-
sible that 3.91 or about 4 ppm K* is a
maximum safe concentration, and only
rivers with less than 4 ppm ¥+ wouid con-
tain mussels. The National Water Quality
Network (1962) has measured potassium
from many rivers in the U.S.A., and on the
basis of the Labos & Salanki report, the
acute results at 11 ppm with rate of change
described above, and the chronie resulis at
7 ppn, 1 hypothetically predicted that the
rivers with less than 4 ppm K* would
generally have mussels, and 7 ppm K was
postulated as a predictive indicator that a
river would have no mussels. In addition,
4-7 ppm was considered marginal. Since
the Network data were tabulated for 3-
month composites of weekly samples it

FIG. 5. Prediction of presence of unionid clams (C) (0-4 ppm K), marginal (M) {4-7 ppm K}, and no clams (INC)
{7 or more ppm K based upon National Water Quality Network data of potassium measurements,
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was felt that any high 3-month value
would be the effective one regardless of
the concentration at another season, and
accordingly the higher value was chosen
where more than one value was pre-
sented. After making these predictions, 1
plotted the Network data as shown in Fig.
5. The symbols C {less than 4 ppm), M {4-7
ppm}, and NC (greater than 7 ppm) are
predictions of clams, marginal, and no
clams. The symbols are plotted at the

specific sites on the river specified in the
Network data. Comparison of Fig. 3 with a
map published by H. & A. van der Schalie
{1930), Fig. 6, shows a partial correspond-
ence of high potassium concentrations
with the regions of the U.S.A, that are
known to essentiaily not contain mussels.

The only discrepancy between Figs. 3
and 6 is the North Dakota to Texas zone of
the U.5.A. But the occurrence of
Fusconaiz flava, Amblema plicata, Ac-
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the reader is advised to see Clarke (1972).
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tinonaias carinate, and Lampsilis radiata
siliquoidea {cf. Murray & Leonard, 1962;
41, 48-49, 110 and 151, respectively),
species tested in the present studies in the
laboratory, as well as the occurrence of the
numerous other species of the Midwest is
limited in significant numbers to only the
eastern fringe of the North Dakota to
Texas zone (Fig. 7). Van der Schalie (pers,
comim. } also notes® that the mussels found
in this zone are few in number; they were
presented on his map (Fig. 6) to show that
the relatively few mussels which are found
here belong to the Mississippi basin
assemblage.

A 2nd method of testing the hypothesis
was to compare the Network data with in-
formation on the presence or absence of
mussels in the Network rivers, some of
which have been sampled for mussels by
the Ohio State Museum (Stansbery, pers.
comm., 1969). None of the 6 streams con-
taining more than 7 ppm K (Colorado at
Yuma, Bear, Big Sioux, North Platte,
Platte, and South Platte} was recognized
by Dr. Stansbery to be reported in the lit-
erature as having mussels. Personnel from
the Ohio State Museum have sampled one
of these rivers (the Colorado River at the
Network Yuma site) and found no mus-
sels. Of the streams with less than 4 ppm
K, Dr. Stansbery was unsure of 2 rivers but
for the others, 28 of 39 were known to have
mussels from reports in the literature or
from Ohio State Museum sampling. In the
marginal category (4-7 ppm K), only 2 of
the 10 rivers were known to have mussels.
For the sake of unbiased interpretation it
should be noted that these 2 rivers were
the only 2 sampled by Ohio State
Museum. The 10 rivers had no known lit-
erature report of mussels. It should be
noted that 28 of 39 is significantly dif-
ferent from 0 of 6, p <0.001, or 2 of 10, p

<0.003 (Croxton & Cowden, 1955 679-
880),

An interesting case of mussel distribu-
tion was deseribed by Cvancara (1966) for
the Red River of the North and its tribu-
taries. Information on potassium levels in
many of these tributaries appears in Water
Resources Data for North Dakota {1966,
1968, and as yet unpublished data kindly
supplied by the Geological Survey at Bis-
marck, North Dakota and Lincoln,
Nebraska) and in Water Resources Data
for Minnesota (1963, 1966, 1987, and
1968). Potassium was measured in each
tributary close to one of the sites indicated
by Cvancara as having mussels, Average
values were provided or were otherwise
calculated by the author, Several species of
mussels were found by Cwvancara in the
following tributaries in Minnesota: South
Branch Two Rivers (4 ppm}, Middle River
{4), Red Lake River {4), Wild Rice River,
Minnesota (5), Buffalo River (7), Pelican
River (5-6), Ottertail River (3). In North
Dakota the Pembina River had 8 ppm
potassium but was similarly rich in mus-
sels. This will have to be tolerated as a
stight infringement on the hypothesis that
rivers over 7 ppm will not have mussels.
The Tongue River {4) in North Dakota had
4 species of mussels. The Forest River,
North Dakota, was rich in mussels in the
upper reaches near Fordville (4}, At Minto
(6} mussels were also found. Below this
point mussels were not found, but Cvan-
cara (1966) reports that the chloride level
became very high. Suggestive evidence
that potassium was alse high will be men-
tioned shortly.

Finally, the Sheyenne River, North Da-
kota, was rich in mussels throughout the
sampled region (lower part). At the lowest
points, West Fargo and Harwood, potas-
stium was 8 ppm. Samples taken slightly

“The correlation here is striking and interesting, The basic and widespread “Mississippi” mussel assemblage
usually becomes sparse in such western regions as extend from the Dakotas to Texas, particularly because the
streams are offen too intermittent, or, as in the case of the Missousi drainage, the rivers are often too silted to
permit mussel faunas to survive. It should also be emphasized that the mussel distribution patterns as depicted
partially reflect the fish distribution because of the host-parasite relations between larval mussels and their fish
hosts, In any case the correlation as shown is a remarkable one and indicates biological relationships that warrant
turther study. Few animals are better suited for studying salt content or mineral relationships than mussels which
often remain active for 25 years and monitor the materials taken into the shell in the growth process
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upstream from mussel sites were found to
have potassium values of 10 ppm. Thus
this river also slightly erodes the pre-
dictive hypothesis.

The following rivers were high in potas-
stum and had few or no mussels. The Wild
Rice River, North Dakota (15 ppm}, had
only I species and only 1 out of many
sampling stations vielded any mussels at
all. The Goose River, North Dakota, at
Portland (8-14) and at Hillshoro (10-12),
was well sampled for both potassium and
mussels but had only 1 species.

Cvancara (1866) found that the upper
reaches of the Park, Turtle, and Forest
Rivers were rich in mussels and had a low
chloride content. The lower reaches were
devoid of mussels and high in chlorides.
He concluded that a correlation “of eco-
logical significance’ appeared to exist be-
tween high chlorides and absence of mus-
sels. Pollution and physical conditions
(bottom tvpe, turbidity, river discharge
rate, or industrial and municipal effluent)
were believed not te be probable causes.
The high chloride content was reported by
Cvancara as heing brought in by seepage
from the Dakota group of cretaceous rocks.
Observing that these rocks do contain
potassiumm (Dole & Wesbrook, 1807}, it ap-
peared to me that potassium might be high
where the chloride was high and be the
direct cause of the absence of mussels. The
tollowing data on the Park River sub-
stantiates this explanation. The South
Branch of Park River below Homme Dam
{7 ppm) had mussels. Further down-
stream at Grafton, the Park River proper
had no mussels and the potassium had in-
creased (survey the same day) te 12 ppm.
Finally, another measurement on that day
at Oakwood (still further downstream)
showed 40 ppm and there were no
mussels.

The correlation of potassium con-
centration with mussel distribution is not
necessarilv a direct cause-and-effect cor-
relation, but could conceivably be created
by a common variable (carbonate, Mg,
silting, etc.) that causes both the potas-
sium and distribution variation. This is not
considered likely, however, because of the

laboratory demoenstration of direct toxicity.
Potassium may enter a stream naturally or
artificially as a pollutant. Potash (K*CO?)
production has been listed as a significant
and steady component of the minerals
industry (Krieger, 1968), KC1 occurs in
brines from oil wells and other industrial
wastes (McKee & Wolf, 1963). It is con-
sidered to be a significant component of
paper wastes (Powers, Sacks & Holdaway,
1967: Table 1} and occurs in runoff from
irrigation diversions or excessively fer-
tilized crops. The Green River, Kentucky,
lost most of its former musse]l abundance
from brine waste in 1958 with the opening
of the Greensburg, Kentucky oil field
{Williams, 1971).

Other organisms

Low concentrations of potassium may
be toxic to other animals but only rela-
tively short-term studies of potassium ex-
posure {1 week) have come to my atten-
tion (McKee & Wolf, 1963). Fig. 3 indi-
cates less than 50% mortality for Amb-
lema plicata for the first 2 weeks of ex-
posure at any concentration tested. Extra-
polation of Fig. 3 indicates the probability
of such a delay in toxicitity of potassium
for concentrations much higher than those
used in the present studies. Thus studies of
only I week, while abounding in the litera-
ture, give little evidence of the chronic
effects of potassium.

There is scant evidence that potassium
may be highly toxic to other animals,
Galurr & Kindier (1966} found that the
medicinal leech, Hirudo medicinalis
{Linnaeus), would no longer imbibe an
NaCl: glucose solution across a mem-
brance il 7.5 X 10 *M KC1 were added,
but this was a rather high K* concen-
tration. Coler, Gunner, & Zuckerman
(1967} substituted sodium for potassium in
the growth medium used with tubificid
oligochaetes because of reports of an effect
of potassium on tubificids, but again con-
cenltrations were high,

There are indications that high sensi-
tivity to potassium may be unique to
unjonaceans or at least certain mollusks. In
g comparison of numerous phyla, (Prosser
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& Brown, 1961: 58-63), Anodonte was dis-
tinguished by the lowest blood potassium
along with the other common cations, ex-
cept for caleium. During narcosis,
Anodonta (Bivalvia) and Lymnaes
{Gastropoda: Pulmonata) increase in
weight, and the principal ions become
diluted in the blood, except for potassium
which is released by cells at an even faster
rate than it is diluted {Robertson, 1964:
296}, Further studies are necessary to show
whether chronic sensitivity to potassium is
unique or general among aquatic life.
Such studies are underway in this
laboratory and the results to date show
that a freshwater fish. leech, and snail are
at least an order of magnitude less sensi-
tive to chronic potassium exposure than
the mussel.

Effects of other ions

Salanki (1962) found the common
cations K+, Nat, Mgt, Cat to affect
seriously the normal activity of glochidial
and adult Anodonte cygnea, at concentra-
tions which, relative to the actual econ-
centrations in streams, would be im-
portant only for the case of potassium in
real river conditions.

Although, it is well known that these
other cations may ameliorate the toxic
effects of potassium, [sodium for Artemia
(Stahl, 1967), and calcium for Tubifex
(Ringer, 1899), to cite representative ex-
amples}? the potassium was highly con-
centrated in such studies. There is little
reason to conclude that their addition
wauld protect organisms from potassium
at the low levels found to be chronicaily
lethal for mussels. Since KC1 was the
vehicle used to intraduce K+ in the pre-
sent studies, it is advisable to examine the
possibility that Cl™ contributed to the ob-
served toxicity. The report by Ellis (1937:
Table 7T) suggests that C1— is not the toxic
ion in KCI! hecause goldfish show mo
apparent injury after 25 days exposure to
the very high concentration of 5,000 ppmn
NaCl.

Evidence from data related to mussels,
that C17 is not the toxic ion in KCI, is in
the Water Quality Network data (1962)
which show chlorides to be much higher in
mussel producing streams than in KCI
solations which killed mussels in the lab-
oratery. Examples are the Allegheny (10-
46 ppm), Escambia (8-100 ppm), Illinois
{9-32, 14-40), Little Miami (9-30), Missis-
sippi (Cape Giradeau, Missouri) (9-21),
Ouachita (14-355), Potomac (8-18), St
Lawrence (17-36), Wabash (22-132}, and
Tombighee (4-58) Rivers. These are all
rivers specifically stated by Dr. Stanshery
(pers. comm., 1969) as having mussels.

Another line of evidence is the finding
that the threshold of NaCl effect on the
activity of Anodonta cygnea glochidia was
at 100 times greater concentrations than
the KC1 threshoid. Further, the effect of
NaCl was short lived (Labos & Saldnki,
1963)." The order of threshold concentra-
tion (based on molarity} was
K<Rb<Cs<Mg<li<Ca<Na as chlor-
ides, with K* being effective at the lowest
concentration, Only KC1 produced a
lasting effect compared to NaCl, MgCl,,
and CaCP even with very high concen-
trations of chloride (10"M NaCl). The
equivalent amount of chloride in 107M
NaCl would be found with KCl solutions
that vield 3910 ppm K. Incidently, since
sodium has been shown consistently to be
about 10 times less toxic than potassium in
the many reports of acute toxicity for
numerous organisms (McKee & Woll,
1963), it is possible that attention may
usefully be directed to industrial processes
where sodizm may simply be substituted
for potassium.

Mode of toxicity of potassium

The specific mode of toxicity of potas-
sium to fresh-water mussels is not known
at the present time. An indication as to
mode of toxicity is provided by the
demonstration by Salinki (1961) that
potassium acts directly upon the receptor

*Lithium, cesium, and rubidium incidently, had thresholds far greater than concentrations which might be

expected outside the laboratory.
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system of Anodonta cygnea since lesion of
siphonal nerves or their paralysis by
cocaine abolished the effects of slight
potassium addition on normal activity. He
found, furthermore, that the blood potas-
sium level increased with addition of KC1
but remained constant at the new level
regardless of closed or open phase of
activity rhythm. Since the closed phase
lasted many hours, the animal cannot rid
itself of potassium following any possible
shielding of itself from the environment by
closing. Anodontoides ferussacianus Lea
(Unionidae: Anodontinae) can prevent the
lowering of pH expected under anaerobic
conditivns by means of such a shielding
metheod (Biondi, 1928; Kraft, 1928),

Koshtoyants & Salanki (1958) pre-
sented evidence that functioning of por-
tions of the Krebs cycle may be related to
the effects of potassium, although Lukac-
sovies & Salanki (1964) found the effect of
KC1 on activity to be unrelated to tissue
respiration. Cholinergic transmission may
be related to potassium toxicity (Lébos, et
al., 1964).
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ZUSAMMENFASSUNG

BEDEUTUNG DER POTTASCHE FUR LEBEN UND VERBREITUNG VON
SUSSWASSERMUSCHELN

M. | Imlay

1. bm Laboratorium waren Pottasche-lonen fiir 4 Siisswassermuschelarten ein
todliches GHt. Elf Teile pro Million {T.p.M.} K titete 90% der Arten Actiononaios
caringta, Lampsilis radiota stliguoidea und Fusconeia flava innerhalb von 86-32 Tagen
und 7 T.p. M. K die beiden letzteren Arten in etwaz 8 Monaten. Amblema plicaia war fast
so emfindlich wie die {ibrigen Arten. Ahnliche Konzentrationen von K-lonen kommen
von Natur in vielen nordamerikanischen Fliissen vor,

2. Auf Grund der Daten des " National Water Qualily Network™ betr. Pottaschegehalt
und der obigen Untersuchungsergebnisse wurde geschlossen, dass gewisse Fliisse
Muscheln beherbergen und andere nicht. Die bekannte Verbreitung der Muschelr
wurde allgemein mit der vermuteten Verbreitung verglichen. Von 6 Filissen mit mehr als
7 T.p.M. K werden keine Muscheln angegeben. 1o 28 von 39 Flissen mit weniger als 4
T.p.M. K wurden Muscheln gemeldet, aber nur in 2 von 10 Flissen mit 4-7 T.p.M. K

3. Die Laboratoriums- und Celinde-Befunde zeigen, dass die meisten Siisswasser-
muscheln davernd nur in Gewlissen leben kéinnen, in denen der Pottaschegehalt nicht
tiher 4-10 T.p.M. steigt. Fs wird empfohlen, die Zunahme des Pottaschegehaltes in
muschelfithrenden Fliissen nicht zuzulassen, wenn die Konzentration mehr als 4 T.p.M.
betrigt.

HZ
RESUME

EFFETS DU POTASSIUM SUR LA SURVIE ET LA
DISTRIBUTION DES MOULES D'EAU DOUCE

M. J. Imnlay

1. Au laboratoire les ions potassium sont léthaux pour 4 especes de moules deau
douce. La dose de 7 ppm K a été léthale pour 90% des Actiononaias carinata, Lampsilis
racticia siliquoidea et Fusconaia flava apres 36-52 jours d exposition, la dose de 7 ppm K a
&té fatale aux 2 derni®res espces au bout de 8 mois environ. Amblema plicata est
presque aussi sensible gue les autres espiees. De telles concentrations dion K se
rencontrent dans les conditions naturelles dans beaucoup de rividres nord-américaines.

2. Sur ia base des données en concentrations de potassium de la National Water
Quality Network d'une part et des concentrations léthales &tablies au laboratoire d autre
part, on a pu prévoir gue certaines rivieres n’auralent pas de moules, tandis que d’autres
en auraient. La distribution connue des moules a généralement été en corrélation avec
les localisations prévues. Dans une étude sur 6 rivigres avec plus de 7 ppm K, aucune
n’avait de moules. Des moules furent trouvées dans 28 rivigres sur 39, ayant meins de 4
ppm K, mais seulement dans 2 sur 10 rividres ayant 4-7 ppm K.

3. Sur la base des données dans la sature et au laboratoire, le niveau maximum prévu
pour te maintien en vie de la plupart des moules d’eau douce est de 4-10 ppm K. 1] est
recommandé de ne pas laisser s'aceroitre la concentration de potassium dans Jes rividres
productrices de moules si cette concentration est inférieure 3 4 ppm.

AL
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EFFECTOS DEL POTASIO EN LA SOBREVIVENCIA Y
DISTRIBUCION DE ALMEJAS DE ACUA DULCE

M. J. Imlay

L. El efecte de potasio fué letal para 4 especies de almejas de agua dulce en el
laboratorio. Once ppm K fué letal para el 90% de Actinonanias carinata, Lampsilis
radiata siliquoidea y Fuscongia flava expuestas durante 36 a 52 dias, y 7 ppm K fué fatal
para los dos ultimas especies en 8 meses. Amblema plicata fué casi tan sensitiva como las
otras especies. Concentraciones similares de iones K se encuentran naturalmente en
muchos rios de Norte America.

2. FEn base a los datos de Ia Red Nacional de Calidad del Agua sobre concentraciones
de potasio, v las concentraciones gue fueron letales a las almejas en el laboratorio, se
pronostic que ciertos rios pueden contener almejas y otros nd. La distribucién conocida
de las almejas, estaba generalmente correlacionada con los locales pronosticades, En un
estudio de 6 rios con mis de 7 ppm K no se registraron almejas, pero fueron encontradas
en 28 de los 39 rios con menos de 4 ppm K, pero sblo en 2 fuera de los 10 rios con 4-7 ppm
K.

3. Sobre la base de datos de laboratorio y en la naturaleza, ¢l pronéstico del nivel de
seguridad para la existencia continua de 1a mayoria de las especies de almeias, es 4-10
ppm potasio. Se recomienda que la concentracion de potasio no se permita aumentar, si
fa concentracion es superior a 4 ppm.

LIP

ABCTPAKT

BIWMAHKME KANMA HA BRHMBAHME WM PACHPOCTPAHEHWME NPECHOBOIHEX
JIBYCTROPYATHX MOJINICCKOB

M. DK, UMAER

”

4, B 3SKCHEPUMSHTE VOHH KaidMi SHIM IeTalbHEMM A8% 4 BMEOB DPEQELBRONHHX
ABYCTBODUATHR MORJINCKOE. i1.10"4% X OK&3aJUCEH NeTalpHHMA 408  90%
Actinonais cavinata, Lampsilis vadiata siliqguoidea ¥ Fusconaia flave npu SROTDINUNK
36-52 nua, a 7.107%% K sHepasy JeTalbhil WeXOX ¥ ABYX HCCASIHUX  BUHOB
apu SKCOOIULIMHK w8 MeoHes. Amblema plicata Gnja nouTH THE W
YYBECTEUTEJIbLHA, Kaxr ¥ Rpy e BHIH ., ECTECTESHHO, 4TQ  {IodO0SHHES
KOQHUEHTPpALUKM MoHa K 8CTpevalnTed BO MHOI'MX CeBepo-aMepPUHaHCKWX perax. Y

2. Ha ocropadMw nazawy HaupuoxHalnsHoHR Oprarusamsu oo Pa e Tpaumny ]
HaygeTea Boas {(National Water Quality Network) 1o KOHUEHTPRUMM KalMA W AaEHX
10 KOHUEHTPAUMSEM, OHAa3aBUNMCH JeTAUbHHMM AJAA ABYCTEBODYATHX MOJANKCKOB ODU
A20CPaATOPHEX 2HCOSPUMARTAX, OHIC NPEACKAIAHC, 4YTO B ONPEMCNSHHMX peKax
Bivalvia nOAXHN ¥UTE, & B APYIUX - Her. Pacopenenesue ABYCTBODUSTHX
MOIJKCKOR, WHMERIEEe MECTo B EeHCTBMTEABHOCTW, B OSWEM COOTBETCTHORANO
npexcKaizaddHoMy. B 1 McocleZoBAHMM NOIyYeHHE CBeAEHMSE, 4¥o B 6§ perax o
KoHEeHTpauueh H, Gonee, e 7.107 "%, Bivalvia He COHADYHEHE .,
IpycTBopUaTHE MoAdwcky Hallzens 3 28 us 39 pex ¢ xoHumesTpamwe# K Mmexsue,
ueM 4,107 %%, go mmem: 3 EBYX M3 10 pex c 4-7.407 %% K.

3. Ha OCHOB&EMK TONYYS HEBX B nad0paTopun M NORSRMX LaEHRX
NpeRcKA3AHHAY MEXCUMANBHAR HGHUSHTDAUMSE ANL NPOJCIEATEALHOM HOPMAILHOIO
CYILECTBOBRHNA  GONBUWHCTRA NEECHOBOMAREY IBYCTEOLIATHX MOJIBCKOE -
4—10.10‘4% K. Bucraiass NOKENAHW I HE@RONYCTUMOCTH  [IOBHUEEHWSA YyPROEHRA
HOHUSHTDaUMM K B perax, collepxamiX Bivalvia, ecCilM KORIHeHTpaLAd =00 TaM
BHIE 4.10‘4%. :

Z,A.F.







