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Abstract:

A study was undertaken, during the summer of 1988, to

det er m ne t he useful ness of a si npl e, cost-effective
bi ononitoring system for acquiring baseline water quality’Qata
for a reopening base netal mne, Margaritifera margaritifera

(Pel ecypoda: Margaritiferidae), Elliiptiocomplanata (Pelecypéda:
Uni oni dae) and _Nephelopsis obscura (Hrudinea: Erpobdellidae)
were transported and deployed in a northeastern New Brunsw ck

brook receiving netal laden run-off from mning wastes for
exposure periods from between 5 to 70 days at several [locations
downstream of the nmine site. Al | three species accunul ated

copper and zinc to levels in excess of that detected in anbient
water sanmpl es Margaritifera  margaritifers was the most
effective integrator of copper and zinc, but was |ess tolerant of

el evated ambi ent concentrations of trace netal s. At‘stations
influenced by the mine site, tissue concentrations of zinc were
significantly higher than at control 1locations. Sever a

interesting interstation trends were observed that may be related
to changes in the speciation and bioavailability of copper and
zi nc. Coincident nortality and rapid uptake of trace netals
emphasizes the need to further explore the relationship between
the rate of uptake of trace netals and toxicity.

In addition to the application of freshwater nolluscs and

leeches as biononitoring agents, epilithic al gal samples
collected at three |ocations downstream of the mne site reveal ed
high levels of copper and zinc. Caged fingerling brook trout
(Salvel inusfontinalis) were also deployed and observed over a

10-day period to delineate a zone of acute toxicity.
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Introduction :

Baseline data and environnmental nonitoring are essential
conponents of environnental i npact assessnment (EIA). Wi | e
baseline data provides information on specific environnenta
paranmeters prior to the devel opment phase of a project,
nonitoring attenpts to identify and quantify project inpacts
(States et al., 1978).

Since baseline information provides a benchmark against;
whi ch project inpacts can be neasured, it is (inperative that the
met hodol ogi es enpl oyed in baseline studies and project nonitoring
be consistent and their results amenabl e Lo compar ison.
Beanl ands (1988) identifies a lack of focus and inadequately

defined objectives as common problens plaguing baseline studies

as applied to ETA Beanl ands and Duinker (1983) further draw
attention to the fact +that inpact significance 1S =eldom
quantitatively defined in EA insufficient or inadequate

baseline information only serves to exacerbate this Latter
rroblem. Clearly, there is a need to sinplify and streanmine
baseline studies and ensure their relevance and applicability to
subsequent monitoring efforts,

The current study was undertaken to explore the useful ness
of a biomonitoring program in acquiring baseline water quality
data for the receiving waters of a reopening base netal mning
and mlling operation in northeastern New Brunsw ck . Because
levels of copper and zinc in Forty MIle Brook exceed background

concentrations, it is essential that base 1ine condit io ns be



established such that the effects on anbient water quality of

r enewed m ni ng activities and associ at ed water quality

recl amation plans can be quantitatively assessed. The freshwater

bi val ves, Margaritif ra mareg ritifera (Margaritiferidae)
(Linnaeus, 1758) and Elliptio complanata (Unionidae) (Lightfoot,
1786), and the | eech Nephelopsis cobscura (Erpobdelliidae) Verrill.

1872, were enpl oyed as biononitoring tools.

The potenti al value of aguatic organismsi.n attenuating
fluctuations in anbient levels of contamnants through their
integration in biological tissues over tinme is well docunmented in
the literature (Phillips. 1980; Cairns , 19384; Metcalfe et ali..
1984; Bradley and Sprague, 1985; ol dberg, 19886; Muuvet et al..
1986; Phillips, 1986: Memmert.. 1987: Vymazal, 1987; Lynch and
Popp, 1988; de Lurdes et al., 1989). Because of their size,
sedentary nature, and relative <tclerance to a wide range of
contam nants , bi val ves have been used extensively as
' bioaccumulators”. A very large literature exists docunenting
the use of marine bivalves , particularly the blue mussel (Mytilus

edulis) and oysters (Crassotrea =p.) in nonitor in3conservative

mari ne pollutants. In fre shwater Systens, however, t he
application of bivalves as bviomonitoring tools is nore recent and

less extensive . Much of the literature focuses on the ability of

freshwater pel ecypods, principally Elliptio complanatsa., to

o+

kbioaccumulate trace organic:: contaminants that may N
consistently appear at detectable levels in anbient water samples

{ Curry , 1978: Heit et al ., 1980: Kauss and Hamdy. 1985:; R ce and

\



Wiite, 1986: Metcalfe and Chariton, 1989). The uptake of netals
by freshwater bivalves has also been reported in the literature
(Foster and Bates, 1978; Jones and Wl ker, 1979; Graney et al.,
1883; Graney et al., 1984; Zadory, 1984; Bias and Karbe, 1985

Geen and Hnch', 1986, Hemelraad et al. , 1987; Hnch and

St ephenson, 1887), but few references exist documenting the use

of freshwat er bi val ves in monitoring changes in the
bi oavail ability of nmetals resulting from mining activ it ies
(Tessier et al., 1984; Czarnezki, 1987).

Di rect proportionality bet ween anbi ent envi ronmnent al

concentrations and tissue burdens should NnOot be assumed . In
addition to the influence of physico-chemical variables on uptake
ki netics, the partitioning Of contaminants between environmental

conpartments may also exert a significant influence on

[ =N
9]
ty

bi oaccumulation. Teszier et al. (1984 ) report that ingestion

sediments and suspended particulate material nmay provide an

i mpor t ant route of trace netal uptake by filter-feeding
freshwater relecypods. Predatory |eeches (Hirudinea), on the

other hand ., represent another <trorhic level and are presumed to

accurmul ate netals from different environnental conpartnments. The

use of | eeches as freshwater biomeonitors has only recently been
reported in the 1literature (Metcalfs et al 1984: Hal 1 and
Jacob, 1987; Metcalfe et al., 1987) however no reference to the

uptake Of trace metals by |eeches could be found.
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Site Description:

The site of the current study is Forty Mile Brook located in
the base metal nining district ©Of northeastern New Brunsw ck
(Fig. 2). Forty Mle Brook flows in a southerly direction sone
55 km from its source, 50 kmwest of Bathurst, to -its confl uence
with the Nepisiguit, a major Atlantic salnmon (galme salar) and
brook trout _(Salvelinus font-) river system Where it neets
the Nepisiguit, Forty Mle Brook can be classified as a fourth
order stream Avai | abl e hydrol ogi cal data report a second order

mean annual di scharge of 0.289 m®/s (Canada. Iniand Waters

Directorate, 18387 ) . Stream depth seldom exceeds 1.5 m and, at
its mouth, the brook is approximtely 10 min wdth. Except for
several snall ponded areas near the nid reaches of the brook,
stream velocity is noderate and swift in some stretches. The
water is only very slightly coloured (humic acid < 10),

moderately soft (hardness <« 50 mg/L) and possesses a |ow

alkalinity (total alkalinity < 30 mg/L) with a circumneutral pH

a
1

(Canada, Environmentai Protection Service, 1974 ; Canada. |nland

i

waters Directorate. 1983). Since the final effluent from
tailings ponds is lined, receiving water hardness, directly below
the mine site, tends to be significantly higher than further
downst r eam

The study area is quite renote and accessible only by
secondary resource roads . Although extensive clear cuts abound
in the general vicinity of the brook, its shorelines have not

recently been disturbed by logging practices. The cnl v d irect
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human inpacts on the brook are a result of past mning activities
| ocated near the headwaters.

The mining of pyritic ores rich in lead, zinc, copper and
silver has been a mmjor industrial activity in northeastern New
Brunswi ck since the early 1950°s. Figures 1 and 2 illustrate the
extent of mining operations and mneral deposits in this region.
The area also supports a significant recreational salmonid
fishery (New Brunswi ck. Departnent of Natural Resources,1387).

As a result of acid mne drainage, |eaching from tailings
and waste rock, t hi osal t generation from mlling process

effluents, and the fine grained ores and associated low water

recycling capabilities, certain local watercourses have been
stressed by acidification, siltation and netal _ | oadings (Mcntreal
Engi neering, 1973; Pollock et al., 1977; Hildebrand, 1384).

Anaconda- - Cari bou Mines, located at the headwaters of Forty
M| e Brook, extracted copper rich ores from open pit mines
between Novenber, 18970 and Novenber. 1871 and from Sertember,
1973 to September , 1974 . During the summers of 1882 and 1933
some 80,000 tonnes of gossen material was heap | eached +o recover
gol d. Si nce t hat time, Anaconda- Cari bou has renai ned
i noperati ve, yet leaching from waste rock piles and tailings
ponds has posed a serious threat to the environnmental quality of
Forty M1l e Brook

Resources Exploration of Australia purchased all the rights
to the site from Anaconda Copper Limted in 1988, following the

completion of a series of economc, technical and environmental
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feasibility studies. This resulted in the creation of Caribou-
New Brunswi ck Mning Limited (CNBM) and preparations were

undertaken to revive a 2,000 tonne per day mne, producing

lead/zinc concentrate. The anticipated lifetinme of the m ne,
which entered production in Cctober , 1988, wll approach Z0
years. The new operation hats incorporated a two-fold reclamation

pl an which provides for the reclamation of disturbed lands and
the rehabilitation of Forty MIle Brook

To date, investigations on the environmental quality ofthe
brook have focused primarily on the analyses of grab water
samples for trace metals (Canada. Environmenta 1 Frctect iog
Service , 1974; Parker, 1988) and ecol ogical surveys of benthic
Fauna (Montreal Engineering, 1980). These surveys have beer:
restricted principally to the headwaters and nouth regions of
Forty Miie Brook . The results of these studies suggest that the
upper reaches , directly downstream of the mne site, are
contamnated with =zinc and copper.,rendering this portion of the
brook virtually devoid of aquatic lift;. Menbers of the local
trout anglers association, however , have observed the cccurrence
and upstream progression of brook trout near the confluence wth
the Nepisiguit (Arsenault. 1988).

Ne atudiezs have been undertaken to elucidate the downstream
gradi ent of metal contam nation, nor to delineate a zone of
toxicity for the sensitive and econom cal 1ly significant . endemic
salmonid popul ati ons. Such information, if effectively gathered .

would provide a more comprehensive assessment of the current
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basel i ne envi ronnent al condition of Forty Mle Brook.
Furt hernore, baseline studies would serveto establish reference
poi nts agai nst which future environmental nonitoring of changes
in water quality resulting from the new operations and

rehabilitation efforts could be contrasted.

On July 2 0p 1988 approximately 230 Marsaritifera
mérgaritifera specinens a large riverine pelecypod endenmc to
Atlantic Canada) were collected? 'by wading, fromthe middle St.
Andrews River, Colchester County, Nova Scotia. Sone 220 Elliptio
complanata individuals (a ubiquitous, slow water unionid bivalve
found throughout eastern North America) were also collected, by

snorkeling, from the northwest portion of Shubenacadie--G and

ake. Hants County. Nova Scotia. Speci mens were sel ected from

t"1

singl e popufations and care was taken to insure uniformity
size (E. ccmplanata - 7.5 cmto 9.5 cm and M. pargaritifera - 3.0
cmto 10.0 em). Shells were canserved and annual growt h rings
were later counted +to determine the age of the organisns (E.
complanata - 13 yrs to 24 yrs and M. margaritifera - 11 yrs to 20
vrs). There was little correlation between age and size.

The specinens were placed in contam nant-free polyethylene
bags filled with water from their honme environnents and placed on
ice. Wthin 24 hours, the clanms were deployed at =zix stations
within the Forty MIle Brook watershed, four downstream of the

mne site (stations 2,3,4, and 6), one upstream control ( stat ion

of
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1) and a second control (station 5) on the lower South Branch of
Forty Mle Brook (Fig. 3). One hundred per cent survival was
recorded during transportation and depl oynment.

The clanms were placed in plastic muffin trays enclosed wth
fine nylon squid netting and secured to the bottomw th plastic
pegs. Mninum contact with brook substratum was achieved by
containing clans in the plastic trays which also maintained the
animals inan upright filtering position. Six specimens of each
species were collected from station 3 following 5 10, 15. 20 and
70 days exposure to Forty Mile Brook. This same procedure was to
e repeatéd at =ztation 2. however, all M. marsaritifera were dead
after 5 days exposure and only six E. complanata survived an
exposure period of 10 days at station 2. At all other stations.
six individuals of each species were retrieved at exposure
reriocds of 20 nd 70 days. Upon recovery, whole clams were
shucked, placed in contaminant—-free polyethylene sample bags and
kept frozen, pendi ng anal ysi s. Because of the |arge nunber of
samples. the sectioning of each individual woul d not have been
f easi bl e.

Because of the difficulty of trapping |eeches, only snall
nunbers of the leesch (Nephelppesiseobswued) | ect ed from
Lucky Lake , a shallow marsh |ocated approximately 7 km northeast
of the mne site in a different watershed. Six Leeches were
placed in each of three cages consisting of 80 cm long by 10 cm
in dianeter PVC plastic cylinders which were capped at both ends

and had four large cpenings covered with nvlon screen. The cages
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Figure 3: Location of biomonitoring stations
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were depl oyed at stations 3, 4, 5 and 6. Because the cage
|ocated at station & was lost and Certain leeches appeared to be

distressed after 10 days exposure, all other cages were retrieved
at day 10.

Four specinens fromeach sanpling unit (a sanpling unit is
defined as a given species at a given station following a given
exposure period) were thawed, blotted to renove excess water and
mucus, homogenized using an autotron, subsampled, acid digested
twice via agua regia and analyzed on a plasnma emssion
spectrophotometer for 24 netals. Further subsamples were dried
for Z4 hours and weighed. Fresh weight/dry weight ratios were
t hen cal cul at ed.

Lobst er hepat opancreas honogenate prepared by the National
Research Council of Canada was used as a standard referenc
materi al to establish the accuracy of the procedure.

At the tinme of depl oynent speci mens of all three
biomonitoring species were retained as controls, (shucked),
frozen and analyzed as per above.

Sinple analysis of variance and, where necessary? mulitiple
range tests were applied to identify significant differences :n
copper and zinc accumulaticon between stations and between
exposure periods for each species of clam A "t" test was used
to establish the existence of a significant difference in
bioaccumulation between the two species of ¢ lams. Statistical
significance was assuned at the 5% level. (p<0.05).

Caged, hatchery reared. fingerling Dbrook trout{Salvelinus
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fontinalis) (averaging 2.5 g each) were deployed at all six
stations (10 fish per cage, 1 cage per station) and observations
on norbidity and nortality were recorded.

Two 1 L water sanples were collected at each station in
July, 1988 and repeated in October, 1988. One sample from each
| ocation was filtered using 0.45 u Millipore filters to provide a
measure of dissolved nmetal content in the sanple, Wwhile an
unfiltered one rrovided 8 measur e of the total metal
concentrations. Both sanples were acidified and plasma em ssion
spectroscopy was again enployed to analyze for trace netals.
Additional water =samples were taken and immediately analyzed for--
P-3, conductivity and acidimetric alkalinity (indicator end
point }.

An extensive analysis of the sedinments for trace metals was
not. performed, as the substratum O0f Ferty Mle Breok was
general |y conposed of sand arid gravel, or rocks. An algal mat of
varving thickness does, however, over lay the sediments and was
sampled, frozen, homogenized, digested and analyzed for trace

net al s.

Results and Discussion:

Following three replicate analyses of standard lobster

48

hepatopancreas homogenate, recovery of copper and zinc was
calculated to be 79% and 83%., respectively.
Both species of freshwater pelecypod (M. margaritifera and

E. complanata) and the leech (Nephelopsis obscura) displayed at



15
| east sone tendency to bioaccunul ate nost of the netals exam ned.
Certain metals, such as manganese, iron and aluminum, appeared in
high concentrations both in water and tissue sanples at all
stations and in the tissues of organisnms retained as controls.
Because of the absence of any significant interstation

differences and their relatively low toxicities and high

concentrations in natural waters, these netals are not considered
in this discussion. The results for lead and cadmum were

erratic, but concentrations were consistently low and often below

the detection limt (0.0001 ppm for =sample solutions). Only
copper and =zinc: appeared in appreciable concentra tionz and
exhi bi t ed statistically si gni fi cant di fferences in

biocaccumulation between stations and different exposure periods-

Figures 4 and 5 illustrate whole organism dry weight tissue
concentrations of zinc and copper . respectively, for both ¢ lam
species at exposure periods of 20 and 70 days. The results
indicate that, following70 days exposure, tissue levels of zinc
and <copper were significantly higher than after an exrosure
period of only 20 days. Tissue concentrations of =zinc and copper
between downstream stat ions (stations 3.4 and &) were rather
erratic and only the results for +the wuptake of =zinc by E.
complanata showed significant interstation differences_

The levels of zinc in station 6 E. compplanata specimens were
found to be =ignificantiv higher than at stations 3 and 4.
Station 6, however, is the experinmental station furthest

d owns tream from the mne and it would be expected tha t the
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results of tissue analyses for ?his station would be l[ower than

for stations 3 and 4. This sanme anonmaly was apparent for the

b

upt ake of copper by M. margaritifera and to a |esser extent E.
complanata at station 6 for both 20 and 70 day exposure periods
(Fig. 5). The statistical significance of this, however, cannot
be proven- Cearly, there was no increase in either dissolved or
total copper and zinc concentrations in water samples taken from

tation 8 (Fig. & and 7). Since the increases in the tisszue

4]

concentrations of copper and zinc at station 6 occur at exposure
periods of both 20 and 70 days, experi ment al error, or
differences in the size, wei ght, age, or reproduct ive state of
the individual organisns pooled for analysis are not Likely to
factor in the explanation of these results,.

Har dness. alkalinity and pH are paraneters which are known
to influence the toxicity and uptake of trace netals { Cote, 1871:
Weatherleyvy et al., 1980; Spear, 1881; Graney et al., 1.984
Eradi ey and Sprague, 1985), but historical water chemistry data
for Forty Mile Brook show no significant variation in these
paraneters between station 6 and upstream sampling locations.
Conductiviiies at station 6 (7able 1) conformwell to a gradient
that decreases with increasing downstream distance fromthe mine
site.

One possible conclusion might be that a change in the
speciation of copper and zinc st station 6 resulted in an
increased bioavailability of these metals. Sedlacek et al.

(1989) report that the presence of humic acids often reduces the
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Tabl e 1: Physico-chemical neasurenments of Forty MIle Brook

station pH al kalinity conductivity dissolved tenperature
(mg/L) (umhos/cm) oxygen July 30, 1983
PA TA (mg/L) (eC)
1 7.1 0 12.8 85 5.85 13.5
2 6.9 0 32.0 230 9.90 17.5
3 6.8 0 11.2 93 9.40 21.5
4 7.1 0 6.4 ’ 74 3.24 20.7
5 7.2 0 9.6 42 8.50 20.2
6 7.3 o) 5.4 5151 8.32 Z20.9
upt ake of trace netals by aquatic organisms. Agai n historical

water chem stry data do NOt expose significant veriations in the
humic acid content of Forty Mle Brook between station 6 and
upstream sites (Canada. Environmental Protection Service. 1974).
A more in depth investigation of trace metal speciaticn in
Forty Mile Brook and the effects of different molecular weight
fractions of hunus on the traceetal upt ake ki netics of
freshwater pelecypods is required before the anomalous results

obtained for station & can be adegustelyexplaired,

Table 2: Concentrations of copper and zinc in control organi sns

(vg/g dry weight)

Elliptio complanata Margaritifera margaritifera
Copper Zinec Copper Zinc

[
o
T

1563 147 254




=0
Levels of copper i n the tissues of control organisnms were
high (Table 2) and exceeded tissue copperconcentrations from
animals exposed to Forty Mile Brook. In addition at contro
station 1, upstream of the mine site, bioaccunulation of copper
exceeded that at downstream |ocations. This m ght suggest that
copper, alone, is not a significant problemin Forty Mle Erook,
and might occur naturally in relatively high concentrations .At.
station 2, however. copper concentrations in ambient water
samples exceeded effluent guidelines (0.030 ppm) recomended by
the Northeastern New Brunswick Mne Water Quality Program
{(Montreal Bngineering, 1873) for base nmetal mines in the regi on .
In addition, all 30 M. margaritifera specimens deployed at
station 2 were dead within 5 days and only & of 30 E. complanata
survived 10 days exposure at station Z. Table 3 presents the

results of analyses performed on clams recovered dead from

station 2.

Table 3: Cc

n the tissues of
h

&
{(ug/2 dry weight)

9 [N

Elliptio complanat, Margaritifera margaritifera
Copper Zine Copper dipc
=

5d 10d 5d 10d 5d 5d

79.6 243 385 860 6511 2,865




Copper and .particularly zinc were rapidly accumulated at
station 2. Spear (1981) reports that it is difficult to directly
link zinc bioaccunmulation Wwth toxicity to aquatic organisns,
however, bioaccumulation may result in a toxic response if uptake
reaches a critical rate. At station 2 it would appear that such
a critical rate was attained and the affected organi sns' capacity

to sequester the toxic effects of trace metals was surpassed.

Figures & and @ illustrate the rates of =zinc and copper

bi oaccunul ati on for both E. complanata and M. margaritifera over
the 70 day exposure period at station 3. Marearitifera

margaritifera accumulated significantly higher concentrations of
both copper and zinc at all exposure times. Clearly, M.
margaritifera is a much more effective integrator of trace metale
than is E. complanata. however, the former species was found tq
be less tolerant of higher concentrations of trace metals in
ambient water. Survival of E. complanata at stations 2 and 3
exceeded that of M. margaritifera. The results seem to indicate
that threshold body burdens of zine and copper were not attained
for either species of clam after 70 days exposure.

It would seem evident from the results that there is merit
in pursuing the notion of a mathematical relationship between
trace metal toxicities and rates of uptake. Based on limited

i

results, rates of uptake at station 2 avpeared to be gquite rapid

and the toxic effects pronounced, whereas at station 3, rates of

uptake were more moderate and toxicity was greatly reduced.
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Results for the uptake of copper and zinc by the leech

(Nephelopsis cbacura) are presented in Figure 10. Because of the

difficuities in |ocating and capturing sizeable nunbers of
| eeches , .was only possible to deploy a limted nunber of |eech
cages, namely at stations 3,4,5 and 6. The cage at station 6 was
di sturbed by vandals and could not be recovered. A lack of
vigour was observed in many of the |eeches exposed to Forty Mile

Rrook following 10 days exposure. This pronpted a decision to

. retrieve the three remaini ng cages after-10 days.

The lack of vigour exhibited by exposed | eeches nay have



been a result of low concentrations of dissolved salts and high
water temperatures. Reynoldson and Davies (1980) observed that
optimum survival of N. gbscura occurred at conductivities ranging

between 1584 and 5584 umhos/cm and high mortality at

sl - L2 L "
T :

conductivities below 84 umhos/cm.
Brock (17.5 oC - 21.5 =C) approached the upper tolerance limit
for this species (Linton et al., 1983). Furthermcre, the life

ke ~ -

cycle of N. obscura is thought to be aprroximately 2 years, wi

adult animals becoming clitellate in June and July {(Peterson.
19873). Following derosition of cocoons, post reproductive

eaches become lan;

UQ

uid and soon die. Although oli
were not observed amongst those captured and no  cocoons were

deposited in sither the leech trars or cages. larger sSpecimens

cem —-10 om in Jength) may have been poat reproductive. All these
Factors may have corntributed to the apparent distress of lesches

exposed to Forty Mile Brook.

The results of this study demonstrate that expesriments with

caged leeches are indeed feasibls. Care should bhe taken,

srganisms are not used and thst water gquality parameters arve
compatible with the reguirements of the organism.
After an exposure periocd oI

accumulated significant amounts cf zZinc at stations 3 and 4, even

though levels of zinc were oomparitively high in  the control
organisms. Copper, on the other hand. was not acocumilated to

levels significantly in excess of those feound in  the tissuss of
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copper and zino in the tisgaes of control orszanisms L

not far froem the mine site, wouid lend further

(¢1]

shallow lak
support to the notion that ambient levels of trace metals are

is vegion as a rs=sult of the

0

naturally high in the waters of th

metallifercus geclogy. The resuits, however, do indicate N.
chacura is a potentially effective integrator of Traze metals.
tut its telerance to wide variations In water paramsbars

is Jimited.

e I P i = o e e ) ey Tl PR S 4T . - s Y e oy
Large proportion of the total metal content of wather samnp.es and

Pyt FE A A = - =t = 5 A = R I S T SRS SR
bhecause of insufficient dsata, it was not pessivle DO doternins

and 3 cowper and zine conceatrations revorted i unit
peroentages. Algse have proven Lo Le effesctive integrators

- P - ¥ P 1007 . . . v ¥y o

tyrace mehals  (Vvmazal, 1387; de Lurdes et ) ET

biomagnify and bilcaccumalation  tends teo  decreaze with ecach
Tnorease in trophic  level. The use of

Hhismonitors of race metal contamination in mining districts

would be further investigated.




Tabl e 4: Concentrations of capper and zinc in epilithic al gae
from Forty Mle Brook (ug/g dry weight x 1000)

station copper Zi nc
2 15.6 18.8
§ 1.73 12.0
6 0.401 4.94

Finally, observations on the morbidity and mortality of

fingerling brook trout (Salvelinus fontinalls) are presented in
Tahle 5. Death was defined as complete absence of opercular

movement and lack of response to tactile stimulation (prodding).
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Table 5: 8. fontinalis norbidity and nortality in Forty Mle

Br ook
station tine observati ons

1 10 days - 100% survival, active at bottom of cage,
heal thy, responsive to vibration.

2 2 hours - all specimens exhibited severe distress,
gills gaping and red, 70% were at surface
experiencing |oss of eguilibriunm.
unresponsive to -tactile stimulation, 3C%
noti onl ess on bottom of cage.

2.5 hours - 100% nortality.

3 3 hours - largest specinen denonstrated icss of
equi li brium and swam violently in spirals.

4 hours - all specinmens inactive, gills red and
gapi ng.

6 hours - 10% nortality, several spec imens exhibited
loss of equilibrium.

24 hours - 40% nortality, one individual upside down,
gills red and gapi ng-

4 days - 80% nortality, 2Zofthe small est specinens
apreared to have regai ned vigour and
eguilibrium.

10 days - 1.00% nortality .

4 4 days -100% survival, heal thy, active, responsi ve_

10 days - cage dislodged, fish escaped.

5 10 days - 100% survival, healthy, active, responsive.

as

10 days - 100% survival, healthy, active, responsive.
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Conclusions:

The primary objectives of this study were to determne
whether a sinple, cost-effective bionmonitoring system would
provide an ef f ect ual approach to establ i shing Dbaseline
environmental conditions for Forty Mle Brook and to assist in-
delineating zones of acute and sub-acute toxicity. The
moni toring technique enployed in this study was Dbased on the
accunul ation of trace netals in the tissues of aquatic organisns.
In this manner, nonitoring organisns were expected to act as
surrogates for direct water chemstry analyses, anplifying neta
concentrations found in anbient water sanples andattenuat ing
t enpor al fluctuations triggered by accidental spills and
met eor ol ogi cal events.

Unlike the results obtained for the analysis of copper and
zinc in anbient water samples, accunulation of these metals in
the tISSUES of the nonitoring organisms did not elucidate a

decreasi ng downstream gradient_ This undoubtedly underscores

n

the need to refine the approach taken in this study . It i

herein recommended that:

el

1) biononitoring organisms be carefully selected from
uncont am nated waters, mnimzing differences in age
size and reproductive status;

2) the analysis of specific tissues where netals may be
sequestered be investigated; and

3) sanpling wunit replication be increased to improve the
anmenabi lity of +the data to statistical =znalysis and to
reduce variance.

The erratic interstation results may alsorearesultof

changes in the bicavallability of wmetals 1o the biomonitoring
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or gani sns. Actual anbient water concentrations of certain netals
may decline with increasing downstream distance from the mne
site, but the bioavailability of these contam nants may increase
due to changes in their speciation. The inplications of this may
be of inportance in the prescription of site specific effluent
gui delines or regulations. Furthermors,such downstream effects
coul d not be detected through water chemi stry anal ysis al one..

Lethal toxicity was observed at only two sanpling stations
(stations 2 and 3).,where nortality was recorded in both species

of peiecypods enployed as biomoniteors and in caged brook trout

was obhserved

w

fingerl ings. A rapid rate of uptake of trace metal
at. these stations, particulary anobngst pel ecypod specinens which
wer e recovered dead. This |ends support to the idea of a

relationship between toxicity and rate of uptake. Labor at ory

h

urther investigate and develop

houid be initiated to

(:}_

stud ie

[41]

this concept
The results of this study do not conclusively denonstrate
the usefulness of a kiomonitoring system in acquiring baseline

water guality data, However, conclusions drawn or inferred from

jie}

this work confirm that +the nethods enployed nerit; further
attention and with sone refinement would vyield additional
i nformati on.

Cost-effective nmethods for i ntegrating and compar ing
base 1 ine and follow-up monitoring data, as applied to EIA, must

be pur sued. 3eanl ands and Duinker (1983) suggest that one of the

reasons environments 1 impact prediction has not achieved its full



30
potential as a management tool s because of the absence of
essential feedback nechanisns. All toco often baseline data and
the results of post project evaluation and conpliance nonitoring
are incongruous. At present baseline studies are undertaken Wi th
the objective of providing a foundation for prescribing
environmental permits, while followup effects monitoring is nobst
often considered in the context of aasuring conpliance with
ezstablished permts. The okjectives of these two essential
conponents of EIA should be further developed to ensure their
greater interrelationship. This would allow practitioners and
managers alike to benefit more fully f£from past experience and

woul d serve to enhance the predictive accuracy of ETA.
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