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To the extent that studies have been made, it would appear i
streams draining zinemining districts show an average of 05!
parts per million (ppm} of zine, In natural waters not subiect to
mine drainage or industrizl wastes zine concentralions iy
range to (L200 ppm. (Renn, et al, 1962)

Zinc is not highly toxic to humans. Data on dvinking wuters
compiled from 37 locations in the United States showed o meun
vilue of 0,136 ppit of zine. The United Stazes Poublic [lealih
Service recomnmends a maximum of 15 ppm ool zing Tor diinking
water standards.

!
i

Living organisms all require certain minimal amouns of
metals, Zinc and copper, {or exampie, are necessary for the fo
mation of certain enzymes. These constitute two of the vitills
necessary trace elements. Different groups of animaly viry i
their resistance to metals when these are Present in st
above the required physiological minimum. The moltusks, in
general, are the least resistant to overloads of heavy menaly
streams. (This is shared by the matacostracan crustaccans: i
oligochaete worms are the next least tolerant group) The mob
lusks would be the first animals eradicated when a strean: beeme
overloaded with metals. For this reason, these animals are of
particular importance when making field abservations on sticims
where metal overloading may oceur.

Once the mollusks are eliminated [rom an extensive sticais
stretch they are slow to re-invade the arei, and usually hecome
re-established only through downstream transport Irom an oy
stream area. Such transport, being adventitious, is fortiion.
Considerable time may clapse before the mollusk population i
again established. In the Vstwyth River in Wales, Jones (1ani
reported that 35 years after the closing of a lead wine the shess
was carrying 0.2 to 0.7 ppm of zinc, Although brown front wers
present the bottom organisms were almose entirely lithophitoe
insects,

On June 15, 1960, dewatering of a base-metal {Zn, I'h, (w
mine that had been closed was begun preparatory to rencwn
mining operations. This mine is in the drainage basin of the
‘Fomogonops River, a tributary of the Northwest Mivemi b
River, New Brunswick, Canada. The water pumped from
mine flowed about & miles before entering the Northwest Mirs
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michi River, The discharge water apparently eliminated the
motusk population in the Northwest Miramichi below  the
mouth of the Tomogonops River for a distance of at least 4
mifes (but not for as much as 17 milesy . In July, 1967, molusks
wore sl missing Irom this stream stregeh, although 77 species
of other maero-invertebrate animals were found, At the same
e, i the stream above the mouth of the Tomogonops River
87 species of mucro-invertebrate animals were found including 5
specics of motusks, Apparently within one year of the mine
dewatering incident, the stream had a normal populition except
for the mwrallusks,

I 19010 the Salmon Investigation Group (Department of Fish-
eries of Cunadiy had placed a cage of young salmon {parr) in the
Northwese Miramichi River where the fish were almost con-
Huuously in the flow of water from the Tomogonops River,
Twice within a period of 3 days in July, 1961, a specinien of
Helisoma anceps was 1aken from the feading [ace of this cage.
These snails had apparently been flushed downstream [rom a
popatation established in a quiescent stretch of the Northwest
Miamichi abous onehalf mile above the mouth of the Tomaog-
onops. Fhese two oceurrences are characteristic of the adventi-
tious distribution of aquatic snails, This species is not adapred
for survival in rapidiy flowing streams and would not be expected
o oeeur in the areas of the river eritically examined during the
survey. "Fhe average velocity at the stations studied on the North.
wost Miramichi was 1.85 feet per second during the time of the
survey  (which was conducted during a lIow-water period) . At
this velocity the stream was flowing one mile in 65 minutes, which
is ibout double the velocity of the lowland stretches of our Imajor
cast const vivers where Helisoma anceps is of common occurrence.
H.oameeps, and {ts eges, occurred in quicscent water 9 miles below
the mouth of the Tomogonops in July, 1962,

The motlusks found in the Northwest Miramichi River in 1961
ahove the mouth of the Tomogonops included: Margaritana
margavitifera, Pisidium casertanum, Ferrissia tarda, Plysa gyrina
wnd Helisoma anceps. In the Portage River, a slow-flowing trib-
utary of the Nerthwest Miramichi, which enters the main river
about two miles below the Tomogonops River, 5 mollusks also
aceurved. These were: M, margaritifera, Lampsilis radiata, Amni-
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eala timosa, P avrine and Cyraulus arcticus. Of 1the 5 SPeCies
found in this small tributary only two were shared with the
Northwest Miramichi. The Portage River is highty cutrophie and
Bad an average volocity of 0,85 feer per second. Within (he con

Chines of one station (i 100-lnot streteh) 92 Species of mnero-inve
tehrates were found. This is an uncommonly high speciey diversisy
e a small stream (width 86 feet with a low-water discharge of
4,000 gallons per minutc) .

The Northwest Miramichi, with it comples of i,
diraing an wren charneterived by the sporadic oceurrence ol cant
Plex ores. Zine, lead and copper are found throughout the region,
and these minerals must have been leaching downstream oyer
many mullennia, A geochemical survey was conducted in this 1o
gion a few years ago while searching for ore bodies. In the strean
seiments of the headwaters ol the Tomogonops River and i
branches, vilues found lor zine ranged from 56 1o 800 Pk
for lead from 0 to 400 ppmy; for copper from 25 1o 75 P
This, of ctourse, represents the natural occurrence of these metals
in the stream sediments, The waters of this stream system mus
have heen carrying a heavy metals load throughout geologivad
time, Other tributary complexes of the Northwest Miramichi
must also have metals in the stream sediments. The Portage
River, for example, has a recorded value of 0.005 ppm of ziuc
for the stream water in that arca where 92 diflerent speeies of
bottom organisms were found. The Littde River, a tribucary of

“the Northwest Miramichi tntering above the mouth of he
'if‘omogonops, has a recorded value of 0.007 ppm of zine for the
stream: water, Water of the Sevogle River, a major tributary of
the Northwest Miramichi entering the main river abour 155
miles below the Tomogonops River, has a recorded value of
0.003 ppm of zine.

Mullican, et ai, (1960) found that an industrial waste carry-
ing 65 ppm of zinc acted as a biological depressant, They re-
ported that in the Nolichucky River {Tennessee) zinc at this
concentration reduced the resident pepulation from 2,931 indi
vidaals in 30 genera per square foot to 46 individuals in 99
genera per square foor.

Some time after the dewatering of the mine into g branch of
the Tomogonops River analyses* were begun and regularly

* Colorimetric determination b dithizone extraction.
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tidde on the amount of totl heavy metals (TTEM-zine, lead,
coppery i the water at the mouth of

the Tomogonops where it
ks the Northwest Miramichi,

‘Fhe highest values recorded up
tor Joly 51061, when the comprehensive hiologicat SUrVey wils
Loging, were 8. and 100 P TEHM on Oclober 2%, 1960,
Fuenty-four hiours biter 2.80 and 2221 ppm TH/M were recorded
AL Wayerton, about nine miles below the mouth of the
sonops, vatues of 0.52 and 0.57 ppm oof total heavy metals
wore recorded on Geroher 26eh. By November 12, 1960, the total
Doty mietnls

!

e,

154
H

tiig

content it the mourh ol (he Tomogonops had
LO ppm, and this was not exceeded subsequentiy,
Buoting the same period THM values at Wayerton did not exceed
0.2 ppr. Becruse the mouth of the Tomogonops is inaccessible
threughout the winter and into |

Lellon below

ate spring the measurements at
Wavertan ave important, From November 12, 1960, through July
TR the vecord THIR values ae ihis location fell between 0
A LY ppmoon 116 days, between 0.050 and 0.699 on 62 days,
ol henceen 010 and 019 on 99 days. At these concentrations
arvar i Smonth pericd the river below the mouth of the Tomaoy-
oueps supporied (or dcrv:.‘lopt‘d} a complete and diverse popula-
tion S macrodinvertebrate annmals except [or the moliusks. Dur-
g the comse of the comprehensive biological survey begun on
Fubv 51961, o tata) of 182 micro-invertebrate species was taken
from the Northwest Miramichi River. An additional 25 species
were found in the Portage River.

The toxicity of heavy metals in surface waters is affected by sev-
eral factors. Chief among these would be the hardness of the
water and its hydrogen-ion concentration {(pH). Calcium is an-
tagonistic to the metals. Alkaline water precipitate the metals in
the Torm of nsoluble, and harmless hydrates, Acid waters dis-
solve Dhydrates and bring the metals into solution,

The Northwest Miramichi is a soft-water stream with a total
hardness {as CaCOy) ranging from 17.5 to 24.8 ppm. During the
survey the pH orange was 7.8 1o 7.6. The Portage River had a
hardness of 155 ppem with pt 7.1, and the Tomogonops River
hid o handness of 499 ppm and a pil of 7.4 to 7.7. The hardness
of the '] 'nmogom_;ps River stemmed [rom the Himing technique
practiced by the mine to prevent stream pollution. This practice
also increased the hardness of the Northwest Miramichi jtself
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Table 1

Tim in ppm of Zinc Sulfate fer Physa heterestropha

Time Hard Water Sofy Water
24 hours 18 (4,07 ppm Zn}, 12,0 €271 ppm Za
48 hours 16 (3,62 ppm Zn) 6.3 (L.A8 pom Zn
72 hours 14 (3,16 ppm Zn) 4.9 (1011 ppm 2w
96 hours 14 (3.16 ppm Zn) 4.9 (1,10 ppm A
120 hours —— 4.9 (1,11 ppw dn
Table 2

TLm in ppm of Zinc Sulfaute for young Physa hetercsiropla

Time Hard Water Series Soft Water Scries
510F 5108
24 hours 4,20 {0.949 ppm Zn) 1.92 (0.434 ppm A
48 hours 1.92 (0,434 ppm Zn) 1.92 (0.434 ppm Zn
72 hours 1.92 (0.434 ppm Zn) 1.34 (0.303 ppu Zs
96 hours 1.92 (0.434 ppm Zn} 1,34 (0,303 ppm ¥a
559F L50F
24 hours 6.95 (1.57 ppm Zn) 2.37 (0,536 ppm #a
48 hours 6,17 (1,39 ppm Zn) 2,37 L0.536 ppm Za
72 hours 6,17 (1.39 ppm Zn) 2.37 (0,030 ppm Za
96 hours 6,17 (1.39 ppm Zn) 1.92 {0,434 ppm Zn
bLhor* HUOEF
24 hours 15,5 (3,50 ppm Zn) 2,95 (0,667 ppm Iy
4% hours 12.2 (2.76 ppm Zn) 2,37 (0.536 ppm i
72 hours 8.66 (1.96 ppm Zr) 1.92 (0.434 ppe o
96 hours 7.50 (1,70 ppm Zn} 1,92 (0,434 ppm “n
Q0°F (oF
24 hours 5,66 {1.20 ppm Zn) 2,65 (0,598 ppm d
44 hours 4,90 {1.11 ppm Znj 2.65 (0596 ppm v
T2 hours 4.90 (1.1 ppm Zn) 1,35 (0.350 pon in
96 hours 4.90 (1.11 ppm Zn} 1.55 (0.330 ppm 7

#*These bioassays were done with an organic substrate in ks
dilution water. The substrate material=0.1 gm uncooked
Wheatena in the 180 ml of material in the experimental ju
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below the mouth of the 'I_"()l]‘l()g()[‘l()i')s River.

Iy the l;ahm'nlm“y, bic):issnys were done using zinc sulfate,
IO RV TG (2269, Zn} | in both soft 20 ppm total hardness)
v hard (100 [t testad h:n'dncs.‘;) waters, ‘The pH of (hese two
waters was 7.3 and 7.8 respectively, The mollusk used as an
expernnental animal was (he pond snail, Physa heterostropha,
The bioassay is designed to establish the median tolerance limit
(‘E'l,m) , which iy that concentration of tested material that results
i 5007 ki1 and 5044 survival of the test animals. Table 1} pre-
seuts the bioassay resulty Jor tests done at F0x9°F using adule
siatls of 12 to 15 mm. total shel length,

St YOUng aninials are more susceptible o adverse influences
wleditional bivassays were done on snails of 3 to 6 mun. total shell
lesmth, The eflects of femperature was also measured in this SCrics
of tests, Table 2 suramarizes these data,

e addicon o Physa heterostropha, adult ramshorn saails,
Hedisona camipannlation, were subjected 1o bioassays with zine
sutlivie, These snails are characterized by the presence of hacmo-
globin in the cireutatory system rather than haemocyanin as is
the case in Plysa. Table 8 presents the results of these bioassays.

Table 3

TLm ie ppm of Zine Sulfate For Helisoma companulata

Time Hard Water Series Soft Water Series
5508 L 550F

24 hours 49.0 (11.07 ppm Zn) 49.0 (11,07 ppm Zn)

48 hours 45,0 (11.07 ppm Zn) 38,5 ( 4.70 ppm Zm)

72 hours 13,4 0 3,03 ppm Zn) 4.25 {0.96 ppm Zn)

94 hours 13,4 ( 3,03 ppm Zn) 3.85 (0,87 ppm Zn)
T30F T30F

21 hours 23,4 (5.29 ppm Zn) 36.0 (12,64 ppm Zn)

44 hours 23,4 (5.29 ppm Zn) 8.30 (1.88 ppm Zn)

72 hours S5.60 (1.27 ppm Zn) 6.53 (1.48 ppm Zn)

96 hours 3,60 (1.27 ppm Zn) 5.60 (1.27 ppm Zn)

I spite of the anomaly of 2 TLm of 56 ppm of zinc sulfate in
o howrs at 78°F, snadls cortaining haemoglobin evidently are
more tolerant of zine than those containing hacmocyanin, These
sidls apparently will withstand 48-hour surges of wastes bearing
hugh concenwations of zine,
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Copper is more toxic than zine, apparently being excecded
its toxicity only by mereury and silver among the metals, Bie
assays of copper sulfate, CuSO5H,0 (26507 Guy, weie dos
using Physa heterostropha as the test animal. The resulcs of e
tests, all done at 70-£2°F, are presented in Table 4.

Table 4

TLm in ppm of Copper Sulfate for Physa heterostrophs

Time Hard Water Soft Water

Adults

24 hours 0.56 (0.143 ppm Cu) -

44 hours 0.27 {0,009 ppm Cu) -

72 hours 0.27 (0,069 ppm Cu) -

96 hours 0.27 (0.069 ppm Cu). -
Younyg Young

24 hours 0.135 (0.034 ppm Cu) 010 (G040 ppm e

48 hours 0.03¢ (0.013 ppm Cu) 0.075 (0019

T2 hours 0.030 (0,013 ppm Cu) 0.G70 (0,000 ppm o

96 hours 0.050 (0,013 ppm Cu} 0,062 (0,016 ppm o
Young® Youny®

24 hours 0.56 (0,143 ppm Cu) .56 (0,343 ppw o

44 hours 0.207 (0,053 ppm Cu} 0.134 (0,034 ppes 1

72 hours C.2G7 (0.053 ppm Cu) 0,134 (0,004 ppe «

96 hours 0,207 (0.053 ppm Culy 0.134 (0,034 ppe -

*Cf. footnote of Table 2

The greater resistance of young snails to copper sullau
soft water as compared to those in hard wiiter, i the test Tk
an organic substrate, is a surprise. The opposite condition we
be expected. Repetitive testing has not been undertzken t 0o

The median tolerance Iimit value is wsed to derive o by
ically safe disposal rate for toxicants being introduced it
receiving stream. The disposal rate is hased upon several v
including the sensitivity of the experimental animal, the ..
imum potential discharge foad, the rate of loss of the foxic i
the potential minimum flow of the receiving stream, and o
Safe disposal rates must be determined for each specitu
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Ppes No ampivieal Factor can be properly applied to the pre-

ctding Than values to derive a geneval “rule” for the safe dis-

sontl b metals,
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By HAROLD E. and EMILY M. VOKES

BELECYPODS FROM BARRA DE NAVIDAD, MEyO

!;u-iv\hi\ Decensber, 1961, we had the oppo'rttmityyféollccting
for Emz!\?\m two on the beach at Barra de Nawidad, Jalisco,
4 ovitaee (m\j‘u; southeest coast of Mexico ;\,1-41‘0){&1'1;1!013} 30
vtk 11()1'!!1\\1‘5(\\\{ Manzmillo, Colima, Ag pI{E: name indicaces,
Barva de Navidad LS\ focated an a sand baryor spit, that exiends
ot the main shm'e‘xQn[hwa.r{l t(_)w;-n‘c:s/l/unta Hermosa, a large
sul vugeed headland \Q;med of metamorphic rocks of Pal-
covoie Py age, Separatingthe headland from the terminus of the
pif fs 0 narrow inket that Teads 16 a broad, mangrove-bordered
bigoon on the cast side of the\Bar, To the west is an open hay
connccting with the Pacific @lcein between several small rocky
wlets, The combination ;yl‘/(thcsc geographic [eatures aflords
widely diverse ecologic sipliations that result in an unusually rich
maluscan fhuna. The J;Xc:cnt c:ompietion\b(:' a paved highway con.
eecting with :\-I:em:%/rﬁllo and thence to i’hl:td:xiu_i:tru, and the
completion, in 'I)uﬁ;énhcr, 1960, of a [11'5L~('izlss\11t)Lcri near the vil-
Fige makes the aréa one of unusual attraction f(}r\fhﬁ collector.

Oy u-;llctce..i/mffns, made only on the beach :m(l\‘ngthin a very
short tine on’an advancing dde, include 87 differeng molluscan
SPLCics, 1'5!1“,15 coral fragments. The majority of the Z\“I‘?)\l_\]usczt are
lorms nopinal to the faina of the region as it is presentlyknown,
Fhere ;,r"r}:(:-, however, a [ew species among the pelecypoda 1}\.;
worth’special attention at this time. \

tLoare

I"{_rr"h:ips the most abundant shell on the western side of fh{;
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