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SYNOPSIS OF THE NINTH ANNUAL AQUATIC TOXICITY WORKSHOP

Aguatic Toxicity Workshops have been held annually since 1974 when the first session was
hosted by the Freshwater Institute in Winnipeg., The Yorkshop has provided a forum for discussion
and information exchange in the disciplines composing the field of aguatic toxicology. It has
been the intent of the Natioral Steering Committee and the individual Werkshop Comittees, at the
request of the delegates, to keep the Workshop atmosphere informal. Provision of ample opportu-
nities to discuss relevant issues in aquatic toxicology with celleagues from government agencies,
industry, consultants and universities has been as important to the organizers as the sessions
themselves. These objectives were clearly accomplished at the Ninth Annual Workshop.

The Ninth Annual Aquatic Toxicity Workshop was held from November 1-5, 1982 at the Four
Seasons Hotel in Edmontor. The Workshop featured the following themes:

1} the role of aguatic toxicological research in the development of energy, resources and
cther large-scale industrial and municipal projects.

2) the advancement of aquatic toxicology as a scientific discipline.

3} the development and use of risk assessment and evaluation methods in setting criteria
te assure the protection of the environment. -

The Workshop was divided into two non-concurrent sessions, eleven concurrent sessions and
three workshop sessions. The non-ceoncurrent and concurrent sessions were divided into formal
papers (20 minutes) and informal papers (10 minutes). A total of thirty-two papers were
presented.

RESUME DU NEUVIEME ATELIER ANNUEL SUR LA TOXICITE EN MILIEU AQUATIQUE

Les ateliers sur la toxicité en milieu aquatique ont lieu chague année depuis 1974, date &
taguelle la premigre séance a été organisée par le Freshwater Institute de Winnipeg. Les ateliers
constituent un forum pour ia discussion et 1'é€change de données dans les disciplines qui composent
1'étude de la toxicité en milieu aguatique. A la demande des délégués, Te Comité directeur
national et les différents comités d'ateliers se sont toujours efforcds de faire en sorte que
t'ambiance des ateliers soit décontractée. Les crganisateurs ont touijours accordé une importance
ggale aux séances et aux possibilités de discuter aver des colldgues venant du gouvernement, de
1'industrie, des agences de consultation ou des universités. lLe neuvigme atelier a bien su allier
fes deux objectifs gue s'étaient Tixés les organisateurs.

L'ateiier s'est tenu du 1 au 5 novembre 1982 a 1'hOtel Guatre-Saisons d' Edmonton. On y a
aborde les themes suivants:

1} Le role de 1a recherche sur la toxicité en milieu aquatigue vis-a-vis du développement
des ressources énergétigues et des autres projets industriels et municipaux & grande
dcheile.

2} 1'avancement de la toxicologie en milieu aguatigue, comme discipline scientifique.

3} la mise au point et T'utilisation de methodes d'avaluation et d'estimation des risques
permettant de postuler des criteres gui pourraient assurer Ta protection de
1' envirgnnement.

L'atelier s’est subdiviseé en deux séances non parall2les, onze séances parallales et trois
séances d'atelier. Les sdances paralltles et non parall2les étaient consacrées a des conférences
(d'une durée de 20 minutes} ou a des présentations (10 minutes). On a fait, au total,
trente-deux exposés.
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EDITORS'S COMMENTS

The Ninth Annual Aquatic Toxicity Workshop has achieved international status.
These Praceedings include papers from five countries which deal with topics that
range from basic research through analysis of regulatory policies congerning the

quality of the aquatic environment.

The papers included here report onswork done in both freshwater and marine
environménts, the chemistry of & range of toxicants under various conditions, and the
effects of a variety of toxicants on a wide range of both plant and animal. A common
thread linking all papers is their relevance to practical problems being experienced
in maintaining the quality of aquatic environments. They represent & cross section

of the kind of work presently being done in aguatic toxicology.

Eighteen manuscripts were presented for publication in these Proceedings. All
were reviewed by at least two referees. One was accepted as submitted and the remainder

required major or minor revisions.
Program abstracts and extended abstracts are reproduced as received, except for
minor editorial alterations. Abstracts of two papers (Chang et al. and Garie et al.)

are included although the authors were unable to attend the workshop at the Tast minute.

The text of the talk of one of the workshop participants, M. Prior, is included,

because of the perspective he presents for aquatic toxicologists.

W. €. Mackay



UE FOR MEASURING ALGAL GROWTH INHIBITION
AQUATIC TOXICITY STUDIES
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{hristian Blaise, Richard Legault and Norman Bevmingham

Fnvironmental Profection Service, Environment Canada
Longueuil, Quebec

BLAISE, Christian, Richard LEGAULT and Norman BERMINGHAM. 1982, A simple microassay technique
for measuring algal growth inhitition (EC50's) in aquatic foxicity studies. Can. Tech.
Rep. Fish. Aguat. Sci. 11863.

A miniaturization of the conventional EC50 algal assay procedure utilized for aguatic
toxicity determinations was undertaken. This technique consists in injecting individual
waells of vigid disposabie styrene microplates with 10ul of algal inoculum (Selenastrum
capricornutum Prfntz) 10ul of a synthetic medium growth spike and 200 ul of the appropriate

serial dilution of the test sampie Comparison of the microassay and conventional technigues
following toxic evatuation of several industrial effluents suggests that the microplate
procedure could advantageously be substituted for the conventional tesi in conducting basic
algal bipassays. Other interesting features of the microassay technique include rand13ﬂg
ragidity, economy, space-saving convenience, and auvtomation potential.

Key Words: Growth inhibition, Selenastrum capricornutum, freshwater algae.

BLATSE, Christian, Richard LEGAULT and Horman BERMINGHAM. 1982, Mesure de E inhibition de

Yz croissance algale {QIFD} pour les etudes de toxicite aguatigue a 1'aide d'une
microtechnique simple. Can. Tech. Rep. Fish. Aquat. Sci. 1163.

Hous svons entrepris de miniaturiser la precddure conventionelle de bipanalyse utilisée
pour la mesure de la Cl_, avec a1gues afin d'édvaluer la toxicit€ aguatigue. Par cette technique,
on sm*r@dust dans chaqég nuits d'upe microp]aque faite de plastigue en styréne rigide {jetabie),
tes volumes suivants: 10ul d'une suspension d'algues de Selenastrum ¢ capricornutum Printz;
1 gﬁ d'un ajout de mziie& de croissance synthét1que 200 ul de Ta ditulion en série appropride
ge 1'échantilion & V'etude. Suite 2 %a comparaison des deux technigues {conventionnalle et avec
mic fss1uqua§ pu 1'évaiuation toxigue de plusieurs effluents industriels fut efFectaéeg il apparait
probable que la procédure avec microplague pourrait avantageusement remplacer le fest
conventionnel pour la rdalisation de bicessafs routiniers avec algues. FEn plus, cette
microtechnique se dﬂstﬂngue davantage par sa rapidité d'exdcution, son codt, son gconomie despace,
et son potentiel diautomatisation.

f.'L.. o



INTRODUCTION

The recognition of algae as biological iadica-
tors of envirvonmental guality is today a {4aif
accompli and their various modes of application
for assessment of aguatic pollutants are well
documentad {Couture, 1981; Rai and colleagues,
1987; USEPA, 1978). For toxicological and more
recently ecotoxicological evaluations of ef-
flyents, solid waste leachates, and other com-
plex mixtures, our iaboratory routinely deter-
mines 8-day EC50's utilizing the green alga
Selenastrum capricornutum Printz with a toxi-
city test procedure closely resembling that

of Keighan (1977} and incubation conditions
quite simitar to those of USEPA (1978). Such
widely used conventional testing methods using
flasks as culfure vessels, although basically
practical and reliable, are not without disad-
vantages. Filtering of samples across C.45u
membranes when cell densities are to be mea~
sured using electronic particle counters, for
instance, can be time consuming, particularly
if suspended materials are present in the sam-
ple. Also, test preparatory manipulations

such as dilution preparation and the pipetting
of macrovolumes {25 mb or more)} into indivi-
dual flasks can be more or less laborious
depending on laboratory set-up and practices.
Incubator space requirements can be another
potential disadvantage of using flasks. Again
the specific post-experimental washing pro-
cedure which must be applied to flasks reused
for aigal bicassays is critical and therefore
usually performed by the testers themselves,
resulting in a further jmposition of time and
effort. Fipally, continuous reuse of glass tes-
ting vessels can bring about changes in the
optical properties of certain flasks (due to
aging and scratching, for example), as well as
centamination and toxicity probiems - all of
which can Tead o data variability. Furtheremore,
in  service laboratories such as ours where
Timited personnel are required to undertake
muitipte indicator bioassays on a reguiar basis,
any time-consuming operation{s) will ultimate-
1y have a negative impact on overall producti-
vity output. Being able to perform aigal assays,
therefore, by means of a more easily-manageabie
test without the above incenveniences became a
desirable objective.

The idea that MicrotiterR plates, used extensi-
vely in the field of clinical microbiology and
for which applications are numerous (Handbook
of Microtiter Procedures, 1972), might success-
fully be exploited to develop a simplie minia-
turized algal toxicity test was thus tnvestiga-
ted. Environmental applications utilizing
microplates are not extensive. Jennett and
celleagues (1977 however, have developed a
guantitative bioaccumulation screening method
for unicellular and filamentous green and blue-
green algae with microplates. More recently,
Dive #1981) has utilized similar plates and

successfully developed a miniaturized viability
test for ecotoxicity evaluations with Colpidium
campylum, a ciliated protozoan. Our recent ef-
forts to develep a microplate toxicity assay with

the green alga 5. capricornutum and results ob-
tained thus far are the subject of this paper.

MATERIALS AND METHODS

Several types of microplates are available com-
mercially, basically differing in terms of plas-
tic composition and well shape, For our initial
experiments, we have arbitrarily chosen to work
with rigid polystyrene plastic plates with U-
shaped wells. The microassay technique develo-
ped thus far is as follows {Figure 1):

1. Serial dilutions of the sample are pre-
pared in test tubes (filtered sample
volume requirement is 10 wi),

2. With an Eppendorf repeating pipette,
200 ul of Millipore (Super ( water
system) control water are added to
gach of the eight wells of column 12
in each microplate that is to be used
for testing a specific water sample;
200 ul of the highest sample dilution
and succeeding smatler dilutions are
then respectively added to each well
of cotumns 11, 10, 9, and so on, down
o column 1.

3. A synthetic nutrient spike of AAP me-
dium {USEPA, 1978) is prepared and
added to an appropriate dilution of
algal cells such that dispensing 20 ub
of this mixture (again, with an Eppen-
derf repeating pipette) in each well
of the microplate will correspond to
a theoretical algal growth yield of
50 ppm and initial algal inoculum of
1000 cells/mL respectively.

4, Plate cover is put on top of the micro-
piate which is then placed in a trans-
parent plastic bag (heat-sealable pou-
ches, KAPAK Corporation) whose open end
is then heat sealed to prevent evapo-
ration.

5, Each plate is then incubated for 8 days
under conditions identical to those of
the conventional test.

6. Microplates are stirred for one minute
twice daily with a microplate stirrer
(Fisher Scientific Co. Minimix).

7. At day 8 (end of incubation period),
microplates are stirred thoroughly
with the microstirrer to resuspend
zlgal cells: 100 uL aliguots are then
removed from each well with a micro-
pipette and placed inte an accuvette
containing 9 mL of isoton electrolyte
sojution, Cell counts are determined
with a model TA II Coulter Counter ins-
trument with subsequent transfermation



to biomass {ppm) by means of a conversion for-
mula relating day-8 counts in control wells
with the theoretical algal biomass yleld of

the synthetic medium spike (50 ppm in our case).

RESULTS

An initial dnvestigation with the microplate
system was aimed at verifying sample volume
ioss dus to evaporation under experimental con-
ditions of sealing as described previously

isea Materials and Methods section and Figure
13 A volume of 220 ul of Millipore Super O
water was wicropipetted into each of the 96
wells of a microplate which was then sealed

and incubated for 8 days. The volume remaining
in one out of every two of the 96 wells of the
microplate was then rempved by micropipette
gnce more and determined by weighing on a sen-
sitive digital self-zeroing balance (Sarto-
rius Model 3705).

foncurrently, 24 conventional 125 ml test
flasks each containing 40 ml of Millipore Su-
per [ water were placed in the same incubator
to estimate sample volume Toss after 8 days.
Resuits indicated that the mean sample volu-
me loss for both methods was under 107 and
that differences between the two methods in
this respect were not sigpificant (Table 1},
The micropiate sealing technigue described
was thus amployed for future tests.

After having undertaken ensuing algal bicassays
of severa!l industrial effluent sampies to com-
para conventional and microplate technigues,
sufficient data became available to estimate
variabi1ity of the microassay technique. As
resuits show in Table 2, test varfability is
well under the 157 allowable variability index
recognized by USEPA for conventional algal bio-
assays {USEPA, 1971}, These vesults also indi-
cate that the micropipetting instruments and
techninue utitized to dispense microvelumes

are adequate and precise enough to ensure re-
producibility of data.

Although not yet fully validated, preliminary
investigations concerning various aspects of
the microplate technicue have indicated the
following:

1. Algal cell inocula of 5,000, 2,500, or
1,000/mL do not significantly change
the total count obtained after 8 days
of incubation. We have therefore kept
the 1000/ml a7gal cell inoculum used
for the conventional Tlask test.

2. The sample volume to experimental ves-
sel volume ratio used for the miero-
piate procedure described {i.e., 220
yb sample volume in a 300 ul capacity
well} is one of (.73, whereas USEPA
(1978) recommends that such a ratio
should not exceed 0.20 to avoid L0p
Timitation. Recent control growth
tests performed with ratios of 0.73,
0.50, 0.40, and 0.27, however, have

not shown signifigant differences in
cell counts/ml obtained after 8 days
{Table 3}. One possible explanation
15 that the plastic cover placed over
the micropiate s not afr tight. This
means that the experimental vassel vo-
Tume is theorsiically that volume con-
tained within the sealed plastic bag
covering the microplate and its cover,
in which case the above ratio would be
well below the (.20 value advocated by
USEPA {1978).

3. Maximum standing crop for controls ob-
tained after eight days of microplate
and flask incubation, as reflected in
cell counts/ml, 1s not significantly
different, This would seem to {ndicate
that the quality and intensity of light
reaching algal cells in the micreplate
wells for photosynthesis is similar to
that available to algal cells in glass
flasks. It appears, therefore, that
the micropiate sealing technique em-
ployed to control evaporation is not a
factor inhibiting aigal growth. This
assymption will be further verified as
comparative data between the micropiate
and flask techniques accumulate.

Very recent comparative microplate and flask
EC50 toxicity data have been obtained with se-
ven {7) industrial effluent samples. These are
shown in Table 4. Only one of the samples tes-
ted displayed a dissimilar EC50 concentration
range after being assaved hy both methods. This
is not particularly unusual, we feel, and can
be explained by the fact that the foxicity data
reported here result from cell densities obtained
with an electronic particle counter. Although
effluent samples subjected to our algal

assays are (.454¢ membrane-filtered prior to
testing, such a treatment will not ensure bac-
teria-steriie conditions in the ensuing fiite-
red samples. In fact, no particular effort

is made in attempting to maintain sample steri-
Tity since we do not utilize an axenic culture
of 3. capricornutym for inoculating purposes.
Hence, bacterial growth is Tikely to occur du-
ring the 8-day bioassay period. Such growth is
indeed a freguent occurrence in rulp and paper
effluent samples because of the presence of nu-
trients favorable for microbial growth. Signi-
ficant bacterial activity was confirmed for
sample 5 by microscopical observations in both
microplate and flask concentrations lying in
the vicinity of the EC50 value range. Various
clumpings of bacteria and algae were observed.
This would Tikely favor Coulter cell count va-
riability and probably explain the incompatible
comparative data obtained for sample 5. Simi-
lar shortcomings and others have been reported
for algal bicassays making use of electronic
particle counters {Rehnberg and colleaguss,
1982). This explains, to some sxtent, our
preference in comparing microplate and flask
procedure data by presenting EC50 concentration
ranges instead of calculated EC5D values.

Other reasons why reporting the range of EC50



values is preferabie to reporting absolute
ECS0 values have been given by Van Coillie and
colleagues (1982} and by Couture and collea-
gues (1982).

Lastly, an interesting comparative estimate
has been made between the microplate and flask
assay techniques with regards to manipulative
rapidity of sample preparation for incubation
{Table 5). Based on our current laboratory
set-up and practice for initiating flask bie-
assays, it appears that one sample could be
processed approximately 3 times faster using
the microplate technique,

DISCUSSION

Much additional investigative work still re-
mains to be performed with the microassay tech-
nigue before such a procedure can achieve va-
lidation for routine algal EC50 determinations
in aguatic toxicity studies. For one thing,
considerabie data generation comparing this
miniaturized microplate technigue with the con-
ventional flask bioassay wiil be reguired,.
Again, work of a more fundamental nature to be
undertaken in future method development will
attempt to yield information concerning the
foliowing:

1. selection of the most suitable micro-
piate plastic type {polystyrene, po-
lyvinyl, etc.), brand, and shape of
wells;

2. selection of the most suitable sample
volume to test vessel volume ratio;

3. selection of the most efficient micro-
ptate sealing technique;

4, selection of the most appropriate in-
cubation period {1, 4 or 8 days) for
EC50 determinations:

5. selection of a choice parameter in re-
porting toxicity effects {electronic
particle counter, ATP, A- fluores-
cence, etc. 7).

While such questions remain to be answered,
preliminary development and test results pre-
sented at this time are encouraging and appear
to indicate interesting possibilities for the
microplate technique. Apart from its simpie,
rapid, economic, and space-saving features,
this technique, if coupled with recent instru-
mentation technology designed around microplates
offers the added potential of virtually
complete automation. Based on the limited
knowledge available at this time, we neverthe-
less feel that this technigue could now be

used successfully for screening purposes and as
a preliminary test preceding a final assay
using a conventional flask procedure,
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TABLE 1: SAMPLE VOLUME LOSS DUE TO EVAPORATION
AFTER & - DAY INCUBATION PERIOD FOR
CONVENTIONAL FLASK ASSAY METHOD (CFAM)
AND MICROPLATE TECHNIQUE (MPT).

ASSAY METHOD n MEAN A% STANDARD
{FLASKS/WELLS) VOLUME LOSS DEVIATION
CFAM* 24 7.2 + 2.8
MpT*x 48 8.7 + 2.7

= 40 mL sample volume in 125 mL flask
*% 220 yl sample volume in a 300 ul capacity well,

TABLE 2: VARIABILITY OF THE ALGAL MICROASSAY
TECHNIQUE AS INDICATED BY COEFFICIENTS
OF VARIATION (£.V.} CALCULATED FROM
CONTROL WELLS CF 18 MICROPLATES

C.V.* VALUES OBTAINED MEAN C.V.

4.5, 5.4, 6.0, 6.2, 6.5, 6.9,

7.0, 7.2, 7.2, 7.3, 7.6, 8.1, 1:!:’

8.4, 9.3, 9.8, 11.3, 11.6, 13.8

* Calculated from modified Coulter Counter cell
numbers obtained at end of incubation periocd
{Day 8) (n « 8 for each C.V. value reported}.

£.V. « {Standard Deviation) X 10C

X

TABLE 3: SAMPLE VOLUME TO EXPERIMENTAL VESSEL VOLUME
RATIOS {S/EV} FOR MICROPLATE (M) AND FLASK
(F) PROCEDURES

PROCEDURE SAMPLE VOLUME VESSEL VOLUME S/EV
M 220 ul 300 ul 0.73 | 8 - DAY CELL COUNT
PER mL NOT SIGNI-

M 150 ut 300 ut C.50 | cIcANTLY DIFFERENT
M 120 uL 300 ul 0.40 | ACCORDING TO RE-
M 80 uL 300 ut 0.p7 | CENT TESTS

F (OUR LAB) 40 mL 125 L 0.32

F (EPA) 25 mi 125 i 0.20




TABLE 4: COMPARATIVE MICROPLATE (MP) AND
FLASK {F} EC50 TOXICITY DATA 0B-
TAINED WITH 7 INDUSTRIAL EFFLUENT

SAMPLES
EC50 CONCENTRATION RANGE
SAMPLE MP F
T (CPE) 0.050 - 0.10 0.06 - 0.13
2 (ppE) 0.39 - 0.78 0.39 - 0.78
3 (PPE) 0.78 - 1.56 0.78 - 1.56
4 {PPE) 1.56 - 3.13 1.56 - 3.13
5 {PPE) 6.25 - 12,8 3.13 ~ £.25
& {PPE) 2.5 - 25 12.5 - 25
7 {PPE) i2.5 - 25 12.5 - 25

CPE: CHEMICAL PIGMENT EFFLUENY
PPE: PULP AND PAPER EFFLUENT

TABLL 5: RELATIVE TIME SPENT IN ALGAL
BIOASSAY PREPARATION FOR THE
CONVENTIONAL FLASK TEST (CFT)
AND THE MICROPLATE TEST (MP)

TIME IN MINUTES

QPERATION CF? il
SERIAL DILUTION
PREPARATION AND 40 16

DISPENSING *

ADBITION OF
NUTRITIVE SPIKE 10 2
AND ALGAL INOCULUM

TOTAL TIME 50 18

* Based on the preparation of 11 different effiuent concentrations
and one control; in replicates of 5 for CFT and of 8 for MP.



CADMIUM COMPLEXATION BY HUMIC SUBSTANCES : CHEMICAL AND ECOTOXICOLOGICAL
STUDY WITH CILIATE PROTOZGAN COLPIDIUM CAMPYLUM

D. Dive, M. Pommery, M. Lalande and F. Erb

INSERM U, 146, Domaine du CERTIA B.P. 39
YILLENEUVE d'ASCO CEDEX, France

DIVE, D., N. POMMERY, M. LALANDE and F.ERB. 1982. Cadmium complexation by humic substances :
chemical and ecotoxicological study with ¢iliate protozoan Colpidium Campylium. Can. Tech.
Rep. Fish. Aquat. Sci. 1163,

The complexation of low concentrations of cadmium {9 to &0 pg.L-%) in the presence of two
different humic substances was studied in three different media; the toxicity of mixtures for
Celpidium Campyium {ciliate protozoan) was assessed by a factorial experimental design.

Results show that the chemical composition of the medium strikingly influences the complexation

of the metal and the ecotoxicity. The growth inhibition in each medium differs more in relation

to the medium compenents than in relation to free cadmium concentration even if the presence

of humic substances has arn antagonistic action on the metal toxicity. A medium has been selected
to compare commercial and natural humic substances. It appears that in this medium, complexation
abilities are different for the two types of humic substances and the response of (olpidium depends
essentially on free cadmium concentration in the medium.

Key Words: Cadmium, humic substances, protozoan, Colpidium Campylum, complexation, growth
inhibition.

DIVE, Do, N. POMMERY, M. LALANDE and F. ERB. 1982. Complexation du cadmium par les substances
humigques : etude chimique et ecotoxicologique a 1'aide du protozoaire cilie Colpidium
Campylum. Can. Tech. Rep. Fish. Aquat. Sci. i163.

La complexation de concentrations faibles de cadmium (0 & &0 pg.L—1} en présence de deux
types diffdrents de substances humiques a été étudige et la toxicite des mélanges pour
Colpidium Campylum {Protozoaire Ci17€) mesurde par des expériences factorielles. Les résultats
montrent gue la composition chimique du milieu exerce une influence nette sur la complexation
et Ta toxicité du métal. L'inhibition de croissance observéde dans chacun des milieux dépend plus
de Ta nature du milieu que de 1a concentration de cadmium Yibre, meme si la présence de substances
humiques exerce un effet détoxifiant. Un wilieu a €16 sélectionné pour comparer les substances
humigues commerciales et naturelies. 11 apparait que, dans un milieu donné, la complexation est
diffdrente selon 1'origine des substances humigues et que la réponse de Colpidium dépend alors
essentiellement de 1a concentration de cadmium 1ibre présenie dans le milieu.
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INTRODUCTION

Numerous studies have demonstrated the complexa-
tion of metals by natural Tigands present in
water {1-5). Several investigators have studied
the modification of toxicity and bioaccumulation
of metals in organs by complexing agents such as
EDTA, NTA, and DPTA {6, 7, B)

As concerns humic material, the amounts of com-
olexed metals are so limited in natural conditicons
that very sensitive methods are needed to detect
the difference 1n toxicity caused by the fraction
of metai bound to humic material. The observation
of sublethal effects on Daphnia Magna during 2]

to 30 days is a good, but very long method and the
detection threshold of short-term methods is
rarely sufficient for such studies.

Colpidium Campylum can be used as a model for the
avajuation of mineral and organic poliutants (9).

The purpose of the present study was fto evaluate
Colpidium Campylum as a Ciliate Protozoan model

for estimation of the effects of the complexing

action of humic material on cadmium toxicity.

MATERIAL AND METHODS

Humic Material

Humic materials used were commercial {€H) and
natuyral {NH).

Commercial humic material (FLUKA AG Buchs SG,
Switzerland) (85 to 90% purity) have a substan-
tial complexing effect on metals. They are com-
posed of 80% high melecular weight structures
(Md =300.000) which are well known to form very
stable complexes with metals (1;. The lightest
fractions (MW <5,000) ave proportionally able to
complex much more metal than the heaviest ones,
but complexes formed in the presence of low
molecular weight fraction are less stable (1).

Natural humic materials were extracted from pond
water {10) using Amberliite XAD 8 adsorbant resin.
The compesition of the NH material used during
this study, which was very similar to fulvic
acids, is:

My 50,000 nene
50,000 M 5.000 30 to 38%
5,000 My 500 50 to 54%
M 500 & to B%

Preparation of Samples and Measurement of Free
Cadmium Levels

Addition of cadmium to solutions of humic material
was performed from a 1 g-17' solution of Cd (N03)y,
three days before the experiment, to reach the
equitibrium between free and complexed cadmium
species (Erb et al. unpublishad results).

Free cadmium was measured, using differential
pulse ancdic stripping voltammetry (DPASV)
with an EG & G PARC polarograph (model 174 A).

Protozoan Test

Toxicity of cadmium for Colpidium Campylum
was performed, using the method previously
described by Dive and Leclerc (II) and
standardized according to the following
protocol:

flasks: plastic cylindrical screw

caped flasks 30 mL
cadmium - humic material sample in

medium concentration 1.25 X & mL
48 h cuiture of £. Campylum on

E. Colti s.a.f.(*)

5,000 cells

Dry E. Coli {EC si?ma} in
medium (5 mg-ml™7)

Madium

0.2 nl

s.a.f. (*) 5 mL

Each mixture was tested in triplicate. Popu-
Tations in flasks (N} were enumerated after
24 h incubation at 28%C with a Coulter Counter
{200 um aperture) and the number of generations
{NG) calculated by the relation:

NG =
T @) )

Three different media were used for the study.
They were selected on the basis of their
ability to promote monoxenic growth of
Ciliates.

Their composition {similar to regional sur-
face waters) and the absence of inorganic com
plexing agents. All media were made with

8 Mn de-ionized water.

Medium (1)
Ca(NG,) 1.2 107
MgS0, 1.7 107
Na(l 3.4 107
pH 6.2

This medium was used previously {2, 11} for
measurement of the mineral and organic pol-
Tutants toxicity on Colpidium Campylum.

{*) sufficient amount for.
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The maior drawbacks of this medium are the ab-
sence of buffering action and a pH which is too

tow for maintaining sufficiently stable compiexes.

Medium (2}

This medium had the same composition as
medium (1) but was buffered by 5. 10-% M Borate-
HCT buffer to reach pH 8.0,

Madium {(3; ({12}

catl, 0.65 1073 o
K&l 2.5 107 M
Raho 0.53 107w
Mgs0, 3.07 1074w
He,50, 2.78 107w
NeHCO 4 1.6 107w
oH  8.15

This medium 15 more representaiive of the local
surface water mineralization. It was previously
used for toxicity studies {12) and allows the
realization of Jong-term toxicity tests on
Daphnia Magna (reproduction tfests of 21 days).

Design of the Experiments

Factorial experiments were used for all these
studies:

- {opcentrations {{} of commercial and natural
hynic material {CH, NH) and cadmium used
were increased in arithmetical progression.

- For calcutation, reduced forms of {C) were
used and calculated by the relation

c=t20 ¢ being the mean of the arith-

£

metical progression of concentration. This
metrod gives orthogonal conditisns for
analysis and aliows weighting of the co-
efficients obtained for each factor.

- The data weve treated by a variance analysis;
a wathematical model with a corrected speci-
Fication {Tinear or quadratic eguation) was
calculated.

- The values of mean response surface and
confidence intervals were calculated and
the surface was represented graphically.

The design and statistical calculations were
achieved with a special computer program which
foliowed the methods of Snedecor and Cochran
{13}.

RESULTS

INFLUENCE OF THE MEDIUM ON TOXICITY OF
CADMIUM - HUMIC MATERIAL {£H) SCLUTIONS

Influence of the Medium on Global Toxicity

The mean response surface obtained in the
three media s illustrated in Fig. 1. The
numerical values for C. Campylum growth cal-
culated and the confidence intervals obtained
by the equation are represented in Table 1.
The whole data are, in the three media, the
results of three experiments in which each
combination of cadmium and humic material

was tested in triplicate.

Table 2 gives regression sguation coefficents
for the relationship between cadmium and humic
material their standard deviation and signi-
ficance in t. test.

When different media are used, the same con-
centrations of cadmium and commercial humic
material lead to various toxic effects.

In Table 1, one can note significant differ-
ences, even in the absence of humic materiail.

The examination of the regression coefficient
of Table 2 shows that cadmium toxicity in-
creases in the order: medium (1) < medium (3
< medium {23. A significant stimulation of
growth by humic material {s cbserved in tha
three media. There is a significant anta-
gonism between cadmium and humic material in
media {2} and (3). In medium (1), the toxic
threshold of cadmium is scarcely reached ?t
the highest tested concentration (60 ng-~'});
that is why no marked antagonism can be
found.

Influence on Cadmium Complexation by Commer-
cial Humi¢ Material

Fig. 2 shows the free cadmium found in the
three media in the presence of 7.5 mg-1~
of CH in relation to total cadmium added
initially.

It is obvious that in media (1) and {2},
there is less free cadmium than in medium (3)

We have tabulated in Fig.3 the growth of
Colpidium Campyium {in % of the control) as

a function of the concentration of free
cadmium in the medium. In medium (2}, the
presence of borate increases toxicity of
cadmium for folpidium Campylium at Cd concen-
trations above ¢6 pg-1-1. 1n medium (3},

the toxic threshold is found to be between 40
and 60 pg-!,

This preliminary study allowed the selection
of the experimental conditions for further
studies.
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Medium {(3) was selected because it had very
similar properties to surface water and 1t gave
good response surfaces data. The complexation
of cadmium, which was lower in this medium than
in medium (1} and (2) was probably more represen-
tative of environmental conditions.

COMPLEXATION AND TOXICITY OF CADMIUM IN RELATION
TO THE NATURE OF HUMIC MATERIAL

Polarographic Studies

Figure 4 represents the level of free cadmium in
various samples as a function of totai cadmium
added and concentration of humic material. One
can note that the natural humic matertal has a
higher complexing effect than did the commercial,

Ecotoxicity Studies

Table 3 gives the coefficients of surface res-

ponse chtained in the presence of the two hymic
materials, CH and NH (data from two experiments
in which each mixture was tested in triplicate).

The ccefficients show that cadmium is apparently
less toxic in the presence of NH than in presence
of CH., A stimulating effect in the absence of
cadmium more significant with CH than with NH

can again be observed.

The growth of Colpidium Campylum related to free
cadmium presert in the medium (Fig.5) shows that
the growth response of the ciliate is in divect

relation with the concentration of free cadmium

and not with the nature of humic material.

DISCUSSION

Influence of the Medium

The results of the present investigation show
that both toxicity and complexation of cadmium
are highly dependent on the compostiion of the
medium. In medium 1, which is not buffered and
has a low pH, cadmium is both more complexed and
Tess toxic. The results are guite in agreement
with previcus measurements by Dive and Leclerc.
if one takes into account the difference in ex-
perimental protocel (11}.

During the work, we studied the complexing capa-
city of humic material in different conditions of
water compusition and not the direct complexation
of cadwmium by the medium components.

Many causes can explain the difference of complexa-

tion capacity of humic material between media 1
and 3. The ionic strengths are 4.6 mOsm in medium
1 and 6 mGsm in medium 3.
6, 2 and 8, 15 respectively in medium 1 and 3.
The ionic composition of media can influence the
formation and stability of cadmium complexes, and
the cadmium complexation kinetic, which was stu-
died previously {unpubiished results).

The pH is very different,

In the present experimental conditions, it is
uniikely that precipitation of Cd can occur
in presence of high molecular weight humic
material because both cadmium and humic mate-
rial concentrations are very low and the con-
tact time and pH are not in the range which is
optimal to induce precipitation.

The difference of growth observed as a func-
tion of the free cadmnium concentration in
media 1 and 2 emphasizes clearly the synergis-
tic effect of borate on cadmium toxicity.

Influence of Humic Material

Humic materials are well known to have a com-
plexing action on metal ions. But the egco-
zoxicological results of the complexation of
heavy metals have not yet been studied exten-
sively. The toxicity of cadmium in Tong-term
exposure on Daphnia Magna decreases in the
presence of humic materials (Erb et al., un-
published results).

Our results clearty show that Colpidium
Campylum growth inhibition is directly related
to the concentration of free cadmium in the
medium,

Examination of eguaticn coefficients obtained
shows that the different effects chserved bet-
ween CH and NH are not present at the level of
the interaction coefficients (Cd*CH or Cd*NH)
which are very similar. On the contrary, the
coefficients Tinked to cadmium {Cd and Cd*Cd}
are strikingly lowered in the presence of
natural humic material. These results imply
that in the conditions of the experiment, the
major part of cadmium fixed on humic materiai
cannot be released into the medium. So the
coeffictent, Tinked to cadmium in the equation
does not correspond to a lower toxicity of
this metal, but to a smaller amount available
in medium to exert a toxic effect on Ciljates.

Ecological Consequences

In natural waters, the concentration of humic
material is highly dependent on the environ-
mental situation (forest ...) and on the nature
of aquatic systems (river, lake, or pond).

Mean values usually found are about 10 mg-1-1.
Even in poliuted waters, cadmium rarely

reaches very high concentrations. Anyway, it
is passible that in local conditions {indus-
trial wastes discharge) cadmium concentration
can rise to the levels used in this study.

in these conditions, 1t appears that Ciliate
Protozoa can he infiluenced both by cadmium
contamination and by complexation phenomena
which occurs in waters.

The ahove resuylts clearly demonstrate that
Colpidium Campylum can be considered as an
advantageous model because it can detect the
cadmium and compiexation phenomena in a range
of concentrations very close to natural con-
ditions, whereas no significant effect is ob-
served with the Daphnia test.
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CONCLUSTON

Toxicity tests using Colpidium Campyium with mix-

tures of cadmium and humic material are quite in
agreement with polarographic measurements and
show that Ciliate response is dirvectly propor-
tional to the concentration of free metal. In
addition, the Protozoan test has emphasized the
influence of the chemical composition of the
test water on the toxicity of cadmium. The use
of the Colpidiun test associated with factorial
axperiments looks very promising for the study
of ecotoxicelogical behaviour of metals in the
environmant. In natural conditions, Protozoan
populations are probably affected by local con-
centrations of cadwium except that other
metats are not present at significant levels.
Incdesd, the effect of metals associations on
Ciliates is not yel known, except in some
timited studies in the marine environment.

7.

The complexation of cadmium by humic material can

be significant not only in surface water aspects
of poliution but also inthe public health aspect
drinking water. During the purification process
of surface water, the fraction of smatlest mole-
cules of humic material persists in water at the
end of the trzatment.

Howsver, this fraction has the highest complexa-
tion capacity for metals.

Sp, in drinking water, cadmium micropollution can 9.

be rarried by these low weight molecules and
health consequences cannot yet, in any case, be
predicted. Complementary studies will permit an
appreciation of the hazard represented by water
micropoiiution resulting from heavy metals.
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HUMIC MATTERS MEDTUM CADMIUM CONCENTRATION {}zg.l_zl
CONCENTRATION
tmg. 17 h o 20 40 60
1 100.2 £ 3,9 101.4%2.9 98.6%2.9 91,6 + 3.9
0 2 108.4 £ 7.8 106.7%5.8 83.5t5.8 38.8 £ 7.8
3 100.2%4.1 97.3% 3.1 85.4 %3 64.6 % 4.1
1 105.3 £ 2.9 106.8 T 2.3 104.1 2.3 97.3 % 2.9
2,5 2 108.4 £ 5.8 109.4 4.6 88.9% 4.6 46.9 % 5.8
3 100.3 £ 3.1 99.8 T 2.4 %0.21% 2.4 71.7 & 3.1
3 109.1 % 2.9 110.8% 2.3 108.3%2.3 101.8% 2.88
5 2 109.8 £ 5.8 113.4 + 4.6  95.5 T 4.6 56.2 T 5.8
3 100.2 ¥ 3.1 1020 t2.4  94.8% 2.4 78.5 £ 3.1
1 13:.6 ¥ 3,9 1135 ¥ 288 1.3t 29 105, L3
7,5 2 112.5 T 7.8 118.7%5.8 103.5%5.8 66.6 * 7.8
3 99.6 t 4.1 103.9%f 3.1 98, I3 85.1 % 4.1

Nurerical values and

- TARLE I -

cenfidence intervals of surface responses of Colpidium Campylum

in presence of cadmium and humic matters in three different media.
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Fig. 5. Growth of Colpidium Campylum in function of free cadmium in
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REGULATING TOXIC EFFLUENTS BY ELECTROPLATING
INDUSTRIES IN ONTARIC: A CASE STUDY

1

0.P. Dwivedi™ and T.C. McIntyre2

1 Department of Political Studies, University of Gueiph
Guelph, Ontario

2 Environmental Protection Service, Environment Canada
Hull, Quebec

DWIVEDI, 0.P. and T.C. McINTYRE. 1982. Regulating toxic effluents by electroplating industries
in Ontario: A case study. Can. Tech. Rep. Fish. Agquat. Sci. 1163.

This paper examines the process by which the Government of Ontario both regulates and monitors
the production and use of effluents generated by electroplating industries in Gntario. The
paper discusses: nature and scope of the problem inciuding survey of the industry and effluent
produced with its impact on the environment; management strategy for effluent control; effective-
ness of the monitoring and surveillance system; and jurisdictional and international conflicts
affecting the regulatory process. It concludes by raising the broader issue of accountable
environmental management in Ontario.

Key Words: FElectroplating, regulatory process, environmental management, industrial effluent.

DWIVEDI, 0.P. and T.C. McINTYRE. 1982. Lla réglementation des effluents toxiques des industries
de galvanisation er Ontario -- Une étude de cas. Can. Tech. Rep. Fish., Aquat. Sci. 1163,

Cette présentation étudie le mécanisme au moyen duguel le gouvernement de 1'Ontario
réglemente et controle la production et 1'utilisation des effluents produits par les industries
de galvanisation en Ontario. VY sont discutds: ja nature et 1'ampleur du probigme, y compris
un axamen de 1'industrie et des effluents et leur effet sur 1’environnement; les méthodes de
gestion employées pour contrdler la production d'effluents; 1'efficacité du systiéme de
surveillance et de contrdie et les conflits Jjuridictionnels a 1'dchelle nationale et
internationale qui peuvent influer sur la réglementation. On invite, en terminant, a une gestion
responsable de 1'environnement en Ontario.
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INTRODUCTION

Effluents resulting from the metal finishing
activity of the electroplating industries have
leng been considered as one of the most serious
water pollution problems. The problem is not so
much of the volume of effluent discharged in the
body of water (either directly or through the
municipal sewage system), as it is the harmful
impact of the heavy metals and other chemicals
stich as cyanide on water courses. The metal
finishing process relates to the application of
a mechanical, physical, chemical, or electrochem-
ical operation to a metal surface to change its
physical appearance, and to make it resistant to
rust and corroding, It also applies to the ap-
piication of a metallic coatingto a non-metaliic
surface, such as plastic products. Included in
the above process are such operations as c¢leaning,
polishing, grinding, painting, phosphating, chrom-
ating, cyanide hardening, anodizing, electropla-
ting, and metal finish hardening. These opera-
tions require the use of many chemicals, heavy
metals, organic additives, solvents, oils and
inert solids. Table 1 provides a classification
of varicus types of these materials used in the
metal finishing process is quite significant.
But the most significant in terms of quantity
and associated polluting effects are the toxic
heavy metals, the toxic anions {such as cyanide)
acids and alkalis, oils and ¢il emulsions, and
biologically toxic or inhibitory complex-forming
agents [11.

In a naticnal survey done by Environment Canada

in 1975, approximately 340 electroplating plants
were identified [2]. Of these, about 865% were
located in the Provinge of Ontario. But in ferms
of volume of production, over 80% of the industry
was found to be in Ontario. The situation has

not significantly changed since 1975 as evident
from information one can obtain about the indus-
try from business 1isting of industries by Dumn
and Bradstreet Directory for the year 1981 [37.
(See Table 2) Within the Province of Gntario,
nearly all industries are discharging effiuents
which end up in one of the twe lakes - Ontario

and Erie. Thus, it is iwmportant to concentrate

on the study of toxic effluents by electroplating
industries in the Province of Ontario rather than
attempt a national study. Moreover, the Tar-
gest section of the electropiating industry serves
the needs of the automotive industry whose domes-
tic sector is concentrated again in Ontario. The
metal finishing operations are also required in
power transmission, aircraft industries, appiiance
and furniture industries which are greatly concen-
trated in the golden horseshoe area of Ontario.

Table 3 illustrates the consumption pattern of
chemicals by the industry in Canada as a whole
{aTthough this information pertains to the year
1977, the data are stil11 relevant}. Also illus-
trative, byt not so up to date is the information
given in Table 4 which indicates {as of 1977),

the amount of metal and cyanide loads as effluents
which could be expected from the electroplating

industry in Canada. However, such a loading
has been greatly reduced, especially in the
Province of Ontario as cyanide treatment is
raquired before discharge to sewage is made
{41, and pH control as specified by municipa’
bylaws 1s supposed to be implemented. Such
loadings give rise to sericus envirvonment
problems throughout the Province of Ontario
regarding their storage, handiing, transpori-
ing, and eventual disposal (both through the
municipal sewage system and through the dumping
sites). These concerns have been examined
below.

ENVIRONMENTAL IMPACT OF ELECTROPLATING
INDUSTRIES IN ONTARIO

This section focusses on the treatment of
wastewater and sludges resulting from the
metal finishing industiry, including the po-
tential toxicolegical effects of several of
the chemicals and heavy metals used in the
finishing industry.

1. Wastewaters from metal finishing plants
contain heavy metals, cyanides, and cther
inorganic substances. These constituents
enter the effluent stream mainly through
itlegal dumps, spillages, leaks and rinse
water, or from municipal sewage sludge ap-
plied incorrectly to Jand.

2. Dumps result from the disposal of spent
solutions and studges generated by the
normal operations of a metal finishing
plant. They may contain up to 200,000 mg/L
of contaminants.

3. Dumping is usually an off-shift operation.
Where generation 1s not practical., dumps
can be segregated, ireated or sent %o a
disposal facility.

4, Most of the chemical constituents, not
biodegradable, are persistent in the en-
vironment, and tend to accumulate through
the biological cycle.

5. Additional treatment methods have not yet
been sufficiently developed to improve the
guality of the effluent prior to discharge.

6. Hhile centralized treatment still appears
for disposal of spent baths and sludges,
there has been significant development in
this direction.

7. A1l but ¢ piants of the industry discharge
to municipal sewers of Ontario. The inef-
fectiveness of treatment as municipal
plants requires many such discharges to be
regarded as indirect discharges to water
bodies.

8. Some new piants are still being installed
in Canada with 1ittle or no consideration
given to pollution control (not, however,
in the Province of Ontario).

9. When discharge is made to municipal sewers,
there s considerable variation in the
quality of the eventual discharge to a
water body for a number of reasons:
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a) variation in removal of metals depending
on the operating condition of sewage
treatment plants and the particular metal
concernad.

b} passibiiity of by-passing sewage treat-
ment during heavy rainfall.

Sludge containing inert heavy metals as well as
cther by-products not dispersed into wastewater
alsc accounts for a fairly large percentage of
liguid industrial effluent generated in Ontario
as well as generated disposal problems [5].

Potential Environmental Impact and Deleterious
Nature of Wastes Produced by Metal Finishing

Industry

Several of the compounds used in the electroplating
industry pose difficult problems in disposal.

Many are classified as toxic wastes - "discarded
material or combinations of which cannot safely
and adequately be handled by existing waste manage-
ment facilities because they pose a substantial
present or potential hazard to human health, or
other 1iving organisms or the physical environ-
ment because of their chemical, biological, or
physical properties.” [61 These wastes can be
categorized under the following headings (each re-
quiring special handiing, storage, and disposal
methods): dignitable, corrpsive, reactive, toxic,
infectious, bicaccumulative, mutagenic, carcino-
genic, and teratogenic.

As a large percentage of metal finishing facili-
ties are discharging to the watershed of the
Ontario and Erie Takes, our analysis will shift
towards implications of this waste on the Great
Lakes ecosystem. Several difficulties prevent

the detection of impact on human health from

these sources of waste in the Great Lakes. Most
notabie of these are problems associated with epi-
demeological studies, data collection, interac-
tions of heavy metals, and multiple toxicity [7}.

The impact of hazardous substances discharged into
the Great Lakes depends not only on their toxicity
but also the ways in which they move through the
takes. Transport and fate pertains to how chem-
icals will move through the Takes, how they will
degrade, where they will reside for short and iong
periods, and how they will be removed from the
system. Various chemicals exhibit different
transport and fate characteristics as a result

of their individual physical-chemical properties.
These characteristics affect the surveiilance ap-
proach needed to monitor the chemicals; the load-
ing that results in various concentrations in
water, sediment and biota; the control programs
that are required; and the cost benefit ratios
that can be expected from control efforts [8].
There are several obstacles to an adequate assess-
ment of the relative importance of the various
pathways for these hazardous substances entering
into the Great Lakes. wWhich of the many thousands
of chemicals produced along with these wastes in
the basin should be considered? Which source
emissions are most significant? Which should be
given priority status? Are there adequate con-

centration data for the various services of
hazardous waste in the hasin upon which an
assessment can be made? It is noted by the
I.J.C. that estimates of hazardous substances
loadings using general or naticnal data bases
and extrapolating to the Great Lakes basin

are at best only first approximations. They
can indicate the need and direction for speci-
fic monitoring to confirm loadings to provide
& basts for requiatory or control programs [9].
Compounding the problems of assessing the load-
ing of the Great Lake basin by wastewater and
effiuent, are those difficulties in determin-
ing the quantity and source of atmospheric
emissions from the metal fimishing industry.

Toxicity to Humans

The potential for exposure to a number of com-
pounds used in the metal finishing process
alone, but as well in their treatment and dis-
posal. The manner in which these compounds
are disposed of often determines the source as
well as potential for deleterious effects to
humans - whether it be from drinking water,
contaminated fish, food from land treated with
sludge, or the atmosphere. If is well docu-
mented that some of the industrial pollutants
from the finishing industry are the major
causes of irreversible damage to the biosphere.
A recent issue of Lancer Research has empha-
sized this in a report of the International
Agency for Research in Cancer [IARC) [10].
This report indicates that 18 or 54 chemicals
used in industrial processes are human carcino-
gens. Inciuded in this list are nickel, chro-
mium, zinc, cadmium, and their compounds -

all commonly utilized in metal finishing pro-
cesses [11].

Chromium and various chromates have been known
to cause chromosomal aberrations inciuding
sister chromatid exchange and unscheduled DNA
synthesis in cultured mammalian cells, mutants
to microbial systems, and cancer to man and
animal [12]. MNickel dusts have been known to
cause lung cancer in refinery workers, and
nickel and chromium compounds have been impli-
cated as contributing agents in the induction
of cancer. Epidemiological studies have
demonstrated increased incidences of cancer

in the nasal cavity, lung, and possibiy larynx
in nickel workers [13]. Studies have sug-
gested that occupational exposure to cadmium
in some form increases the risk of prostate
cancer in humans. OFf critical importance is
the fact that most of the chemical consti-
tuents are not biodegradable, are persistent
in the environment, and tend to accumulate
through the biological cycle. This has impli-
cations not only for man but for all compo-
nents of the aquatic as well as the terrestrial
environment. The foregoing discussion indi-
cates the need for careful consideration in
the usage, treatment and dispesal of metal
finishing by-products into the environment.
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MANAGEMENT STRATEGY FOR EFFLUENT CONTROL

This section deals with some aspects of effluent
contrel strategy and guidelines which have been
formulated by the federal, provincial, and muni-
cipal authorities. Also included in the discus-
sign is a brief review of technology development
to contrel water polluytion, and the impact of re-
quiring abatement control on the finances of
metal industries.

The Federal Government Response

Federal effluent regulations and guidelines for
the industrial sector are based on the policy
that national effluent requirements represent a
minimum acceptabie baseline Tevel of effluent
quality development on the basis of best practic-
able technology. A1l the guidelines and regula-
tions under the Fisheries Act are developed by
task forces consisting of representatives from
Federal and Provincial governments and the indus-
tries concerned.

The Fisheries Act {Section 33 (2}} prohibits any-
one from permitting the deposit of a deleterious
substance in any place such that the deleterious
substance may enter any water frequented by fish.
Under the Canada-Ontario accord, Ontaric has
agreed to establish and enforce requirements at
least as stringent as the agreed Federal baseline
requirements and to conduct surveillance of ef-
fluents. The Federal effluent requirements will
be applied at new and expanded productien facili-
ties and will be applied as a minimum as rapidly
as possibie in all other cases. The Federal
Government has established effluent requirements
for a number of industrial categories [4].

A government/industry task force was established
in 1976 to study environmental aspects of the
industry and propose appropriate control measures.
The task force agreed that a combination of requ-
lations/guidelines could be the best managenment
strategy to control effluent of foxic wastes
arising out of the electroplating process. A
pational control requirement system was developed
which included the following items:

1."Explicity prohibit dumpting activities.

2. Encourage good housekeeping practices
te contain leaks, spillage, and acci-
dental lesses.

3. Limit the concentration of certain con-
trol parameters in the final effluent.

4, Provide adequate reporting procedures,
to ensure that the reguirements are met.”
[151.

Subsequently, national guidelines were formulated
under the title, Metal Finishing Liquid Effluent
Guidelines, and were pubiished in the Canada
Gazette on 5 November 1977 [16]. The guidelines
suggested effiuent should meet the following four
criteria:

1. Effluent: A composite sample should meet
have a pH between 6.0 and 9.5 and other
substances should be Timited as specified
below:

Maximum

Total

Concentration
Substance in mg/L
Total Suspended Matter 30.0
Cadmium 1.5
Chromium {total) 1.0
Copper 1.0
Lead 1.5
Zinc 2.0
Nickel 2.0
Cyanide (oxidizable) 0.1
Cyanide (total) 3.0

2. Concentrated residues containing emul-
sion cleaners and chiorinated hydro-
carbons, and effluent treatment siudges
should not be deposited with the ef-
fluent.

3. Other concentrated spent processing
solutions and residues should be treated
to meet the effluent objectives or
should be stored and disposed of in a
manney which the Minister may consider
acceptable.

In addition to these guidelines, a code of
geod housekeeping practices (EPSI-WP-77-5)
was formulated. Together, these two apply as
national baseline standards.

Provincial Guidelines

The Ontario provincial guidelines are laid
down in the QObjectives for the Control of
Industrial Waste Discharges in Ontario. They
are concerned with protection of receiving
waters, desirable effluent discharges, sus~
pended solids, toxic substances, methods of
disposal, and contaminants in drinking water -
to name a Tew {171. In regard to heavy metals,
the effluent concentration of component heavy
metais shall not exceed the following limit

as specified below:

Ma x 1 mum

Total

Concentration
Substance in mo/L
Cadmium 0.001
Chromium 1.0
Copper 1.0
l.ead 1.0
Mercury 0.001
Nickel 1.0
Tin 1.0
Zing 1.0

Compared to the suggested national guidelines,
the Province of Ontario has more stringent
requirements of toxic effluent control. These
guidelines, with the exception of about §
plants, are then enforced by the municipalities
under their specific bylaws. In the case of
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those plants which release their effluents
directly to streams and are beyond the jurisdic-
tion of municipal authorities, the Ministry of
tnyivonment is responsible for monitering, sur-
veillance, and enforcement.

Municipal Guidelines

In a survey conducted by Buffa and Coulter (1976),
it was estimated that in the Province of Ontavric,

only 70% of the metel Tinishing plants discharge
to municipal sewers. For other provinces, the
percentage reported was [187:

Atlantic Provinces 75%
{Quebec 60%
Prairie Provinces 45%
British Columbia 50%

However, since that survey was done, the situa-
tion in Ontario has greatly improved. As of
mid-1982, about 96% of electropiating incustries
discharge to municipal sanitary sewers [19].
(The remaining nine industries do discharge to
water courses, but under constant surveillance
of the OME.) And as sewage treatment facilities
have been constructed and are in operation for
all municipal areas which border the watershed
area of the lower Great lLakes, and as the Great
takes Water Quality Agreement specifically re-
quires such sewage treatment facilities, and as
about 96% of metal finishing industries are lo-
cated within such watershed area, direct dis-
charge to water courses is not evident. Very
stringent controls, through punicipal bylaws

as required by MOE, exist. Therefore, while the
possibility of indiscriminate discharge of un-
treated metal finishing waste may exist in other
nrovircial Jurisdictions, in Ontario the probiem
seems to be, by and large, under control. What
happens sometimesis that if an industry tries

to discharge a partially treated waste into the
municipal sewer, a warning is given, and then a
threat to close down the industry. As a matter
of fact, several electropiating industries have
gone out of business in the period of 1978-1981
partially because of slump in auto industry and
partially due to stringent water and air pollu-
tion controls,

With regard to municipal sewer bylaws it can
be said that these have been designed mostly to
veach a required Tevel of treatment rather than
to protect aquatic plants and fish.

Historically, sewer bylaws have been designed
to protect sewers and treatment plants, and not
to protect fish in waters receiving municipal
affluent [201. The effectiveness of municipal
treatment plants in the removal of metal finish-
ing wastes is contingent upon & number of fac-
tors:
with municipal sewage, and the types of sewage
disnosal plants in existence. Generally, it can

be said that a sewage treatment plant has a Timi-

ted ability to treat the wastes found in metal
finishing plant effluents - its effectiveness
may be high for the organic materials and much

characteristics of effluents, interactions

tower for metals dissolved in the effiuent.

Any analysis of effectiveness of any sewage
treatment plant in rewovai of metal finishing
wastes should be based on an analysis of the
wastas and on unigue technological capabiiities
of the sewage treatment plant.

1£ should be noted that while individual muni-
cipalities of Ontario have adhered to the
suggested provincial guidelines for effluent
control, thers may very well be a variation in
the enforcement technigue. For exampie, if a
new electroplating industry is being estab-
Tished in a municipal industrial area, chances
are, in some areas, that the industry may know
about effluent control guidelines after the
plant has become operative, Obviously, there
is a need not only to remove any variance in
municipal bylaws but alsc to standardize the
enforcement policies of municipal water pol-
Tution control programs. Consideration in
policy direction should be aimed towards the
reduction in several components of effluents
of the metal finishing industry in addition

to ungrading the effectiveness of several
treatment plants throughout the province. In
a survey conducted n 1978, it was found that,
in a sample of 57 municipalities in Ontario,
the electroplating related metals received
about 50% removal efficiency. Although major
improvements have since been made, it still
gives us an uncomfortable feeling about the
efficiency of municipal plants in Ontario in
toto, and gives cause for serious concern as
well as cailing for a complete evaluation of
existing treatment facilities. Arising out of
this discussion is the great need for the up-
grading of existing municipal treatment plants
in addition toc restricting the amounts of
effluents which can be released by the metal
finishing industry into the environment. The
first stez in the right direction are the new
1imits recommended by a joint commitiee of the
Ministry of the Environment and Ontario Muni-
cipal Engireers Association for the City of
Toronto. The new bylaw 2520 calls for con-
centration 1imits for heavy metals and other
substances as well as regulating the discharge
of wastewater. It is considered to be the most
up-to-date and most stringent of all industrial
waste control bylaws throughout the province.
This is indeed appropriate as the City of
Toronto and the greater Metro-Toronto area

are responsible for over 30% of all metal
finishing business (voiume) in Canada. The
new standards for discharge into both sanitary
sewers as well as storm sewers can be seen in
Tables 5 and 6. It is interesting te note
here the potential for a confrontation between
the metal finishing industry in Joronto ard
the Metropolitan Toronto Works Department,
particularly when one takes into account the
volume of waste generated in the area by this
industry. However, much will depend upon the
enforcement of this bylaw. In summary, con-
cern over the aspect of "equity" has been
expressed by the metal finishing industry in
Ontario. This “equity" consideration relates
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to the different degrees of severity in enforce~
ment of bylaws exercised by a number of munici-
palities throughout the province. Apparently,
the desire to either attract or discourage the
establishment of new metal finishing plants is
reflected in the stringency of the enforcement of
bylaws {211.

The above review of federal, provincial, and
municipal effluent control guidelines illustrates
the need to attack the problem from two direc-
tions. While stringent standards must be applied
at the same time the industry must be encouraged to
consider the loss of chemicals and metals to
sewers. Indusirieswould be more co-operative if
they are shown that in these days of hard econo-
mic times such a 1oss can be prevented: and by
applying "Best Practicable Technology", the indus-
try can still meet municipal requirements while
keeping itself out of financial trouble.

Technology Develepment to Control Toxicity from
Electroplating Process

The International Joint Commission, in its 1882
raport, observed that monitoring and research
functions are essential comporents of "maintain-
ing and restoring the physical, chemical, and
biological integrity of the Great Lakes Basin
Ecosystem...Research should be intensified to de-
termine the pathways, fate, and effects of toxic
substances aimed at the protection of human
health, fishery resources and wildiife of the
Great Lakes Basin Ecosystem.'"[221 The IJ{, in
the earlier report (1930) suggested that in order
to prevent pollution from the metal finishing in-
dustry, control alternatives should be considered
which can be grouped into five major options:
wise use, reuse, bhans, treatment technology, and
use of assimilative capacity [23]. Associated
with each one of these alfernatives is a corres-
ponding cost. Historically, the wastewater costs
were relatively modest and limited to: (1) cost
of water itself; (2) cost of chemicals lost to
wastewater; (3} occasionally, the cost of destroy-
ing or removing the morve spectacuiar toxics such
as cyanide and hexavalent chromium; and {4} where
so situated, the cost of municipal sewer service
[24]. Wastewater costs now include: (1) gener-
ally increased cost for the water itself; (2) the
cost of process chemicals lost to wastewater;

{3) the substantial investment cost for waste-
water control facilities; (4) the operating ex-
pense for wastewater contrgl - chemicals, labour,
power, and maintenance; {5} the cost of skilied,
technical supervision; and {6) where so situated,
the increased charges for discharge of treated
wastewater into a municipal sewer [25]. Equally
as important as the treatment of this wastewater
is the maintenance and prevention of accidental
spills of chemicals te the effluent stream. To
compound this situation, most of these accidental
dumps occur offshift when there is a minimum of
control in most installations in the handling of
their disposal when the treatment system is not
operating. Whether deliberate or accidental, the

potential for detrimental damage to the en-
vironment of these discharges is guite high.
In a repert by Buffa and Coulter {1976}, it
was found that concentrations in these dumps
and spitlages may vary from 200.000 or more
mg/L for chromic acid to 300 to 1000 mg/L for
metal in nitric and sulphuric acid solutions
[26]. In addition to the possibility of envi-
ronmenta? degradation, the obvious cost fac-
tors in chemical Tosses to the metal finishing
firms need to be considered. Regarding acci-
dental chemicals Tost, perhaps the industry
was not as concerned about it in the past;
however, during the late seventies, individual
metal finishing companies began "fo view the
Toss of chemicals and metals to sewers as an
economic disbenefit and have acted accord-
ingly.® [27] The rising costs of chemicals
and production have come as a boon in disguise
for the industry since it is now economically
beneficial to reduce chemical loss to sewers
to a winimum.

Success in the aveas of research and develop-
ment to recover chemicals and metals resulting
from finishing processes is contingent upon
maintenance of a cost Tow enough to make the
process economically viable, as well as the
availability of a market for the materials re-
covered. Some inroads, as reported in 1975,
which were considered good in the recovery of
chemicals and metals are the following: cya-
nide destruction, electrolytic destruction,
carbon absorption and catalytic oxidation,
chromium reduction and removal, and precipita-~
tion of metals as hyvdroxides [2B8]. Rarely

are any of these or the zforementionad methods
of recovery found alone but in combinations

of two or more systems. The determination of
the system used is dependent upon the various
cost factors of labour, materials, space. plus
the skill and knowledge of available personnet.
0f the above methods, metal precipitation can-
not now be considered a panacea mainly because
of increasing costs of chemicals and waste
sludge disposal.

With respect to the control of sludges, these
are generated in four ways in the metal finish-
ing industry: filter cleanouts, bath purifica-
tion, burnishing and barrel discharges, clean-
ing solutions, and metallic hydroxides from
chemical waste treatment processas [291. One
of the problems resulting from earlier men-
tioned treatment of metal finishing wastes is
the formation of relatively larce quantities
of residual sludge. The sludge presents dif-
ficulties in disposal, has limited value be-
cause of the relatively Jow concentrations of
useful materials it contains, and by the pro-
cesses which cause its formation, constitutes
an expense [3G}. Most of Ontario’s liguid in-
dustrial wastes are cuvrently treated and/or
disposed of by one or more of the following
methods [317
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(a} controlled discharge to municipal sewage sys-
tems; (b) co-disposal with solid wastes in some

20 to 25 landfills; (c) product recovery with in-
cineration of the residues; {d) export to facili-
ties in United States {es%. 500,000 gals/month);
{e} incineration of non-halogented organics at

the Trici] Ltd. plant near Corunna; (f) some
chemical fixation in Hamiiton, Ontario,by Frontenac
Chemicals Ltd.; and (g) some suspected illegal
dumping {quantity believed to be limited). Metal
finishing wastes alone accounted for approximately
3 million gallons of industrial waste generated

in the Province of Ontarioc in 1979,

Other developments in the field of research and
technology for pollution prevention and contrel
have been detailed by the Environment Canada in
its 1982 report [32]. A Wastewater Technology
Centre is being operated by the Environmental Pro-
tection Service of Environment (anada in Burling-
ton, Ontaric., Some specific companies have been
helped by EPS. Through a funding mechanism in
conducting research, some of these projects are
briefly described below {33].

1. The PARR System: It mekes extensive use of

automated reciprocating flow in exchange

units to recover chromic acid, nickel sulphate

and copper sulphate from process rinses. Eva-

porators are used either to concentrate the
product or to create space in the process
tanks to add the recovered product. At the
same time, the purified water is returned to
the rinse tanks for reuse. A small conven-
tional waste treatment system consisting of
chrome reduction, neutraiization, precipita-
tion clarification, and a filter press is
employed for treatment of residual wastewater
from the recovery units.

HSA Metal Recovery System: The HSA reactor

works on the principle of electro-chemical

recovery of metals on high surface area (HSA)
modules of carbon-fibres set in a patented
reactor design. It has been found that the
process has the capabitity of recovering cad-
mium from the plating bath as well as destroy-
ing cyanide. The process was tested by the
staff of the Wastewater Technology Centre,

Burlington, under both simulated and actual

operating conditions in an industry lecated

in Burlington.

3. Chrome - Napper System: In chrome plating
operations, up to 90% of the chrome added to
the plating baths may be lost to plant drains.
Therefore, the wastewater requives treatment
before discharge to city sewers. But through
the use of a new membrane technology called
the "chrome-Napper" system, chromium is re-
covered and can be reused, and there is vir-
tual elimination of chrome-bearing discharges to
sewers. The technology developed by the
Innova Corporation, Clearwater, Florida, con-
sists of an ion-transfer module which permits
the fonic transfer of chromates and sulphates
through a polyester-based membrane te an
anode compartment where the chemicals concen-
trate prior to return to the plating bath.

]

The membrane is enclosed in a stainless
steel mesh which acts as the cathode while
inside menbrane is a platinum-plated
titanium ancde. A DC current across the
cell electrodes encourages the passage of
ions through the membrane. The equipment
is being instalied in Canada in a metal
finishing industry specializing in nickel-
chrome piating.

4. 50p/Air Oxidation Process: INCO Research
has patented process for the destruction of
cyanide contained in wastewaters. The
process involves the oxidation of cyanide
with suiphur dioxide and air in the pres-
ence of a copper catalyst and seems to
destroy all cyanide forms including iron
cyanide complexes. The destruction of
metal cyanide complexes resultis in the for-
mation of metal hydroxides from which
precipitate are removed.

In addition to these research and technolo-
gical developments, efforts are being made, in
co-operation with the industry, to contrei
teaching of toxic chemicals through wastes.
Research efforis by the EPS Wastewater Tech-
nology Centre are commendable.

Present Waste Management Practices

Presently, most industrial wastes are removed
from metal finishing facilities by independent
truckers. However, fthis is expected to change
due to increases in haulage costs. The bulk
of Ontaric industrial wastes are generated in
the fellowing areas:

a) Windsor, Sarnia, London, and surrcunding
areas;

b} Kitchener-Guelph-Cambridge triangie; and

¢} the Golden Horseshoe from Oshawa to
Niagara Falls

The major concerns with the present
practice of waste disposal encompass
these parameters {34):

i}  Most of the province's industrial
wastes are co-disposed in a number
of sanitary landfills posing a
threat to local ground water re-
gimes.

ii) 10% of the province's waste 15 now
hauled across the border to Chio,
Michigan and New York for treat-
ment or disposal. There is no
guarantee that these borders will
remain open for any indefinite per-
riod.

ii1} There are no “"high temperature"
incinerators in Canada for destroy-
ing a variety of these wastes.

iy} For a variety of valid reasons, the
private sector has nct provided the
necessary range of facilities to
properly manage all wastes gene-
ated in the province.
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Apart from new technology required to store,
treat or destroy the wasies generated from the
metal finishing industry in Ontario, the follow-
ing facilities are felt to be urgently reguired
to ensure proper management of vuture wastes pro-
duced from this source [35]: (i) a secure land-
fi11 site for disposal of compounds plus residues
from poliuytion abatement facilities (particulariy
sludge and wastes that have been chemically fixed);
{91} a physical chemical treatment complex where
wastes can be neuiralized and/or destroyed;

{111 a high temperature incinerator with appro-
priate emission control devices; {iv) collection/
storage depots for Northern and Lastern Ontario.

A management strategy devised by the Ontario
government to both monitor and control existing
waste management disposal practices was announced
in October 1975. The program is to ensure that
the methods and faciiities used in transportation,
treatment and disposal of liguid industrial wastes
provide no threat to human health or the environ-
ment. However, in addition to the above, what is
needad now are “legislative patterns designed to
encourage this positive approach to pcellution
control, instead of present ones, which are in
the main merely restrictive in nature and always
potentially productive of schemes between the re-
gulatory authorities and industry." [36]

Financial Impact of Pollution Abatement of Metal
Finishing Industry in Ontario

No discussion of assessment of pelilution control
for the metal finishing industries would be com-
nlete without a note on the financial implications
it may incur. In response to the proposed Federal
Guidelines for the metal finishing industry, re-
presentatives of the industry expressed the fol-
Towing concerns [371:

a) OGovernment assistance should be avatlable
to help finance pollution control equip-
ment at less than commercial rates.

b} <Lontrols must be applied equally through-
out the industry. The necessity for
control was recognized but its lack of
unifors application in the past has caused
hardship to some companies,

c) MNew jobbing plants in the medium sized
category or smaller, would be discouraged
by the capital costs of waste treatment
indicated.

d) Alternatives to metal finishing, such as
powder plastics, or stainless steel, would
not seriously affect their ability to in-
crease prices to cover the cost of waste
treatment.

e} There has been one instance in the Toronto
area where the cost for waste treatment
was given as the reason for closing cut
an operation. {Similar instances have
occuyrred in other areas of Ontario in
1980 and 1981).

A number of factors were taken into account to
assess the pessibility of plant closures due fo
an economic inability of some plants to meet
stringent pollution control guidelines, and alsc
due to hard economic times.

It is certain that without government help,
the metal finishing industry cannot hope to
reach the level of federal and provincial
guidelines; otherwise, considering the highly
competitive nature of the industry and result-
ing increases in production cosis {dus to
instaliation ¢f new and costly pellution con-
trol equipment, which in turn will increase
prices) some plants may be closed and the
business could shift to outside of Ontario or
Canada.

CONCLUDING ORSERVATIONS

Attempts have been made in this paper to pre-
sent a brief overview of the metal finishing
industry in the Province of Ontaric. Diver-
gency in locations and size of plant operations,
diverse production processes, and the system
surveillance and enforcement of guidelines all
contribute te a number of problems facing this
industry today, particulerly in terms of envi-
ronmental profection. Policy directed towards
control and regulation of effluent from this
industry must be both "a rudder and a saiil”

in terms of the existing metal finishing indus-
try. There is an emergent need for all parties
concerned to help in developing and maintain-
ing a long-term perspective on the environmen-
tal quality, and the preservation and protec-
tion of the envivonment of Ontario. Toward
this end, 1f will be desirable to encourage a
non-adversarial attitude between those who
regulate and enforce measures and those who
manage the industry. At the same time, federa’
provincial co-operation, and co-ordinaticn in
standards-formulation and in the development

of technology for waste water and sludge con-
trol is extremely important. As noted by the
1JC, (although remavks were directed to the

two federal governments of Canada and USA},
overall management of toxic substances control
programs s not properly facilitated.

"... There has been insufficient co-ordination
of activities within programs. This fragmen-
tation has resulted in duplicate activities
in some cases, incompliete program coverage n
others, and a 1imited management capacity to
effectively address smerging complex problems.
[38]

]

Some recommendations are offered as a part
of our concluding remarks:

1. W®While the Ontario Ministry of Environment
and the municipalities have stepped up
their degree of enforcement {of control-
requirements), variations do exist. It
is necessary to have uniformity in regu-
latory activity. Toward this end, the
MOE should consider monitoring and spot-
checking options.

2. Increased emphasis should be placed on the
disposal of toxic wastes, including the
surveillance of transportation, dumping,
and removal of such wastes. Disposal
should include transportation of the waste,
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and should cover the movement inside Ontario,
as well as the cartage to some designated
dump-sites in the USA.

3. Control reguirements should be based or ex-
oressed as objectives for a 1imited amount
of time to give the parties involved suffi-
cient lead time to organize and meet these
standards.

4. Research and development efforts must be co-
ordinated between the federal and provincial
governments, and industry should be encouraged
to invest in such efforts.

5. There is a need for centralized waste facili-
ties to handle the sludge and spent chemicais
from the industry althcugh every effort should
be made to solve the problems of treatment
and dispesal at the source.

6. A task force composed of Federai/Provincial/
Municipat environmental representatives and
metal finishing industry representatives
should be established to study and report on
the issue.

7. There is a need to have a national depository
of information consisting of:

a) size, volume, and location of this industry
throughout the province to facilitate
legislative and maintenance processes; and

b} handling, storage, treatment, and removal
of hazardous and toxic substances which
result from these processes.

8. Companies should be required to supply evi-
dence of treatment either within the existing
facilities or outside the facilities, and
every effort should be made to record and
monitor the movement of effluent from this
industry to its final disposal site, along
every step of handling and transportation pro-
cesses.

G, The metal finishing industry in Canada needs
a voice to act as a responsible corporate
body. At present, there is no such organiza-
tion of the industry, although the Automotive
Parts Manufacturer's Association does try to
represent a specific segment of the industry.
Such an association of the metal finishing
industries in Canada should, then, establish
an advisory beard composed of industry mana-
gers and cutside independent researchers to
advise the industry on the question of appro-
priate technology, a code of conduct toward
reducing to the maximum extent practicahle
the discharge of toxic substances, and ways
and means to interact effectively with the
federal, provincial, and municipal authorities
in Canada.

These vrecommendations (not exhaustive at all} are
both initiative and responsibleto ameliorate some
of the problems facing the meta? finishing indus-
try in Ontario. By adhering to them, it is felt
that the industry can remain a viable one and
continue to operate with a minimum amount of eco-
nomic and envireonmental disruption.
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TABLE 1  CLASSIFICATION OF TYPES OF DISCHARGE FROM SURFACE
TREATMENT PROCESSES

TYPE

Acids

Alkalis

Heavy metais in
solution
Complex~forming
agents

Organic additives

Solvents

0ils, waxes, and
greases

Inert solids

EXAMPLES

HC1, HpS04, H3PO4 (and acid phosphates}, HF, H3BOs,
(often discharged with dissolved heavy meta?s present)

NaOH, NapC0O3 (frequently with phosphates, silicates

and éetergents, and often containing oils and oil emulsions)
¢d, Co, Cr, Cu, Fe, Mo, Mn, Ni, Pb, Sh, Sn, In.

CN~, amines, NH3, EDTA, NTA, citrate, tartrate, oxalate,
gluconate.

Aldehydes, ketones, alcohols, fatty and aromatic car-
boxylic acids, carbohydrates, sulphonic acids, dyes,

phenols.

Trichlorethylene, toluene, xylene, alcohols.

Sometimes discharged with detergents in emulsified form.

Grinding materials, (oxides, carborundum, etc.)

Source: Fisheries and Environment Canada {1977} "Recovery and Re-use of Metals
and Chemicals From Metal Finishing Wastes" in Waste Handling, Disposal
and Recovery in the Metal Finishing Industry, EPS-3-WP-77-3, p. 47.
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TABLE 3 CONSUMPTIGN OF CHEMICALS BY THE
METAL FINISHING INDUSTRY {kg/yr)

Cadmium Compounds {Including Cyanides) 11,612
Copper Compounds {including Cyanides) 201,852
HC1, Hz504 and Qther Acids 10,055,858
Chromic Acid and Miscellaneous Chromates . 779,738
Phosphoric Acid and Miscellaneous Phosphates 2,133,281
Nickel Compounds 568,361
Caustic Soda 1,148,969
Other Cyanides 526,630
Detergents 981,590
Chlorinated Hydrocarbons 2,540,160
Alkali Cleaners 276,696

TOTAL 19,224,347

Source: Coulter, K., R., {1977) “Geographical Distribution of Metal
Finishing Plants in Canada" in, Waste Handling, Disposal and
Recovery in the Metal Finishing Industry, Fisheries and
Environment Canada, EPS-3-WP-77-3. p. 114 (Quantities have
been converted into SI units, and as such are not exact to
original weight).
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TABLE 4 METAL AND CYANIDE IONS IN THE WASTE LOAD OF
ELECTROPLATING OPERATIONS IN CANADA

The chart below shows the total metal and cyanide ions loads thal can be
expected in the effiuents from the electroplating industry, based on the
consumption of the salts as reported in the survey of the industry.

Metal Ion Rinses {k Accidents Etc. (kg) Total {kg}
Copper 21,773 66,226 87,999
Nickel 35,381 81,648 117,029
Chromium 142,430 126,101 268,53
Zinc 36,868 46,267 83,235
Cadmium 3,178 4,082 7,257
Cyanide Ion 42,638 99,792 142,430

TOTAL 706,481

Source: Coulter, K. R., {1977) "Geographical Distribution of Metal Finishing
Piants in Canada", in Waste Handling, Disposal and Recovery in the
Metal Finishing Industry, Fisheries and Environment Canada, EPS-3-WP~
773, p. 117. (Quantiiies have been converted into 5I units, and as such
are not exact to original weight}.
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TABLE &

CITY OF TORONTO-PROPOSED NEW LIMITS FOR DISCHARGE INTO STORM SEWERS

MATTER EXPRESSED AS CONCENTRATION IN
MILLIGRAMS PER LITRE

Aluminum Al 1.0
Arsenic As 1.0
Barium Ba 1.0
Cadmium cd 0.1
Chlorine C12 1.0
Chromium Cr 1.0
Copper Cu 1.0
Cyanide HCN 0.1
Flouride F 2.0
Tron Fe 1.0
Lead Pb 1.0
Manganese Mn 1.0
Mercury Hg 0.601
Nickel Ri 1.0
Phenolic compounds 0.02
Phosphorus p 1.0
Suspended solids 15
Tin Sn 1.0
Zinc in 1.6

Source: City of Toronto By-law 2520, Engineering Department, Metropoiitan
Toronto, March 4, 1987,
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TABLE 6
CITY OF TORONTO-PROPOSED NEW LIMITS FOR DISCHARGE INTO SANITARY SEWERS

MATTER EXPRESSED AS CONCENTRATION IR
MILLIGRAMS PER LITRE

Aluminum Al 5C.
Arsenic As 1.0
Barium Ba 5.0
Cadmium cd 2.0
Chioride ¢l 1500,
Chromium Cr 5.0
fopper Cu 5.0
Cyanide HCN 2.0
Fluoride F 10.
Iron Fe 50.
Lead Pb 5.0
Mercury Hg 0.1
Nickel Ni 5.0
Phenolic compounds 1.0
Phosphorus p 10G.
Sulphate 5{14 1500.
Suliphide S 2.0
Tin . Sn 5.0
Zinc In 5.0

Source: City of Toronto By-Taw 2520, March 4, 1981.
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YALUE OF DYMAMIC TESTS IN ACUTE ECOTOXICITY ASSESSMENT IN ALGAE
J.F. Ferard, P. Vasseur and J.M. Jouany

Certre des Sciences de 1'Environnement
1, rue des Recollets 57000 Metz, France

FERARD, J.F., P. VASSEUR and J.M. JOUANY. 1982, Value of dynamic tests in acute ecotoxicity
assessment in algae. Can. Tech. Rep, Fish. Aquat. Sci. 1i63.

Sorption of toxic materials by algae should be important and occurs very guickly.
Thus, a decrease in the concentration of toxic materials in the experimental medium
used for static bicassays results in an under estimation of the toxicity. 1In this work,
two different methods of exposure of Chlorella vulgaris (static and pseudodynamic test) were
studied. Acute effects (biclogical and analytical effects) of inorganic compounds {copper,
cadmium, lead and chromium salts) were evaluated for 96-hour tests; in each case the IC50 wWas
Jower in the dynamic condition than in the static one. The accumulation of metals was
calculated for each IC.. value and it appears that this parameter is lower when testina by
the pseudodynamic methgg. These results point out the importance of the cinetic factor of toxic
distribution during the cell cycle and furthermore the value of pseudodynamic tests.

Key Words: Algae, Chlorella vulgaris, copper, cadmium, lead, chromium, pseudodynamic bioassays,
static bioassays.

FERARD, J.F., P.VASSEUR and J.M. JOUANY. 1982, Interet des tests dynamiques algals pour la
determination de ]'ecotoxicite aigue d'une substance. Can. Tech. Rep. Fish. Aquat.

Sci. 1163.

L'accumglation des toxiques par les algues ne doit pas etre négligde d'autant plus que ce
phénoméne est trés rapide. En effet dans les fests statiques la diminution des concentrations
toxiques ajoutdes dans le milieu conduit a sous-estimer fa toxicité du produit testé., Deux
methodologies {statigue et pseudodynamique) ont été étudides sur une algue Chlorella vulgaris.
Les effets aigus de 4 composés inorganiques (cadmium, chrome, cuivre et plomb] ont été envisagés
sous 1'angle biologique et analytique. La durée d'exposition est de 96 heures. Pour tous les
produits testes la CI50 est plus faible pour le test pseudodynamique que pour le test statique.
Pour chaque CI%0 obtenue, la quantité de métal accumuié a €ié calculée et, 14 aussi, i1 s'avere
que ce parametre est plus faible dans les conditions pseudodynamiques que dans les conditions
statiques. Ces divers résultats soulignent 1’importance d'abord des conditions d'apport du
toxigue en fonction du temps c'est-a-dire durant le cycle cellule, et ensuite 1'intérét des
tests pseudodynamiques.
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INTRODUCTION

Feotoxicological festing is aimed at determining
undesirable effects of foxicants and at estima-
ting the conceniration range of toxicants within
which these effects cccur. In this respect,
“dose-effect” relationships may be estimated by
determining the amount of the substance in the
test organisms. Bul more generally the "concen-
tration-effect” relationships ave evaluated and
sFfacts are exprassed by taking into account the
tevel of the toxicant in the test medium, which

is referved to as "eavivonmental concentrations”.

This is done particularly in aguatic ecotoxice-
Togical testing. This implies that during the
test period, concentrations of the foxicant are
controlled in the medium or are maintained
constant. This last condition s seldom veal-
ized in static aguatic tests because of the ab-
sarption of the foxicant of the species being
studied. As the concentration factor may be
high, toxicant depletion sccurs in the test
medium and,consenuently, yields erronesus re-
sults in the determination of the concentration-
sffact relationshin,

Some preliminary irials, relative to the effects
of copper on algas, indicated that absorption of
this metal by the alaal cells began very sariy,
in the first minutes following addition of cop-
per to the medium {Fig.1). Copper depletion in
the medium can reach 40% of the initial concen-
tration after 30 minutes of exposure. Such a
reduction in the swperimental concentrations re-

sutts in understated readings, at toxicity levels,

using this testing nrocedure. This led us to
compare four different methods of testing alcae.
These were:
pound 15 added to the medium at the beginning of
the test pericd, the medium is unchanged during
the experirent; (2) static test with an adjust-
ment of toxic concenirations [ST-ATC) to repair
copper depletion in the mediums (3) dymemic {or
continuous Flow) test {DT) in which the test
medium 15 supplied at a constant rate to algae
with the volume of the suspension remaining con-

stant:{4) pseudo-dynamic test {PDT) which differs

from the preceding one 1n that the volume of the
test medium increases with addition of test
medium since excess medium 13 not removed.

First, a preliminary test of the acute effects
of copper on Chlorella vuigaris was done to
evaluate the different results obtained with
these four methods.
ways of exposurs were selected and refined
studies carried out with copper, cadmium, lead
and chronium,

{1) static tesi {ST}: the toxic com-

Then the most characteristic

MATERIALS AND METHODS

MATERIALS

The biclogical material

The algae used was Chlorella vulgaris B.,
strain 211/11b-Chiorphycae obtained from the
Algae and Protozoa Center of Cambridge. They
are grown inlLefevre-Czarda medium (L-C), sup-
plemented with trace elements (AFNOR, 1980}.
Axenic cultures were produced in 500 m]
erienmeyer flasks fixed on a gyratory shaker
at 150 rpm, under 1,500 % 100 lux ang a 18/8
photoperiod. * C

Temperature was 20 = 1

{FERARD and MUGEL, 1978). Weekly subcultures
were produced by diluting a 7-dgy culture that
contained approximately 30 x 60° cellis/ml; with
fresh LC medium {10% ¥/V). Algal growth was
monitored by measurements of the optical den-
sity at 665 nm with a spectrophotometer
{Perkin-Elmer-Coleman 285-E} and by counting
algal cells using a Coulter Counter (ZB).

The tested compounds

A11 the experimental compounds used were from
PROLABO (Normapur guality):

Cu S04, BH20

Cd {NU3)2, 4 HEG

Ph (NQB) {When testing Pb (NO3) the algal
culturé %edium was Lc-medium, without phos-
phates)

Crz 07K2

METHODS

General methodology of the experiment

One wl of a 7-day basic culture, in which the
cells had been resuspended in fresh culture
medium (1L.C), after centrifugation and washing,
was diluted with 9ml of LC medium, with or
without the tested compound, in order to ob-
tain various concentrations of the metal. At
the start of the test, the algal content of
each tube was the same,about 1.5 to 3 x 10
ceils/ml. Three replicates of each concentra-
tion were tested simultaneously in the growth
conditions described in Fig.2: Tight

2,200 T 50 lux, agitation 220 rpm. Tempera-
ture and photoperiod were the same as for the
basic culture.

Several parameters wers studied during the
test period:
~ cuiture cell number



- opacimetric measurements: transmission per-
centages of each suspension (T% at 666 nm) are
converted to optical density (OD)

- biomass (dry weight determinations)

- metal accunulation by algae and amount left
in the supernatent medium.

[C5q was determined graphically, taking into
account the 0D values of the cultures contain-
ing toxicant and their corresponding contrels.

Detailed methodology of the four different
experimental conditions

Static test (ST): Experiments were done in
glass test tubes (18/180 mm) set in a support
of a gyratory shaker {Fig.3). Twenty tubes can
be tested at the same time.

Static test with periodic adjusiment of the
toxic concentrations {ST-ATC): The apparatus
is the same as with the static test. Metal
concentrations in the medium were adjusted
after 21, 32, and 76 hours of exposure. An
aliguot from each different culture was
filtered and the amount of toxicant evaluated.
Then the toxic compound was added to the tubes,
in which a depletion occurred, so as to obtain
the initial concentration of toxicant {Fig.4}.

Dynamic test {DT): The cell culiures received
continuous flow of toxic medium through poly-
athylene catheters inside diameter 0.30 mm, and
a flow rate o¢f 10 m1/24 hours. As the supply
of medium has to be delivered equally to each
test tube, two capiliary siphons in series were
used. As indicated in Fig.3, an overflow of
the test tubes allowed elimination of excess
medium, with constant volume (30 w1} maintained
for the complete period of the testing. Agita-
tion insured homogeneity of the aigal cultures,
but may also result in a decreasing number of
chlorellae cells in the test medium, because a
fraction of the algal biomass was eliminated
with the excess suspension.

Pseudo-dynamic test {PDT): The methodology
differs from the dynamic ons in that test tubes
are not provided with an overfiow. 5o the
volume of the algal suspension increased as
toxic medium was added. For this test, Targe
test tubes were used (24 x 220 mm) to insure
adequate capacity. Moreover as it was diffi-
cult to provide an equal flow rate of medium

to each tube during the test, so medium was
added to the tubes periodically. Thus, the
fresh medium was delivered manually with an
automatic pipette, five timer per day (1 ml

in each tube every three hours: at 7, 10, 13,
16, and 19h}. This technique was easier to

use than the dynamic test, since the whole
atgal biomass was kept for analysis and each
tube contained the same volume of culture which
facilitated comparison of 9D values.
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Analytical metal determination

An aliquot of an alga? culture was filtered
through a Millipore membrane (0.45 u)} and
washed twice with double distilled water. The
filter was mineralized according to the tech-
nique of Boudene et ail. (1976). Metal deter-
minations were done by atomic absorption
spectrophotometer using a Perking-Elmer 306 B,
fit cut with an HGA-76 furnace and an automatic
injection system. The analytical conditions
are summarized in Table 1.

RESULTS

COMPARISON OF THE FOUR DIFFERENT TESTS WITH
COPPER

The various concentrations of copper tested
using the four different techniques previously
mentioned were: G, 50, 100G, 150, 200, 250,
300, 350, 500 ug/1 of algal suspension.
Determination of the ICgp values for 72 and

96 hours of exposure are given in Table 2.
Toxicity of copper appears to be greatest in
the dynamic conditions, when the toxic medium
is introduced during the test. Toxicity is
respectively two and four times higher in

the dynamic and pseudodynamic tests than in

the station one, which givesthe most optimistic
result. No significant difference can be
detected between 72 and 96 h of exposure.
amount of copper in the algae was measured.
Table 3 shows that accumulation increased when
copper was supplied during the test period.

We define the concentration factor (FC} as
follows:

The

Concentration of Cd in algae at £t = 96 h
{in mg/kg dry weight)
Concentration of Cd added in medium at t=0
{in mg/1)

Fig. 5 shows that the concentration factor is
nearly three times higher in the pseudodynamic
test than in the static fest and increases
tenfold when copper concentration is adjusted
(in the medium}. It can be noticed that FC

is correiated with the metal concentration in
the medium. No analytical determination could
be done with the dynamic test, since the biomass
was much toc small. Therefore we did not

select this method of exposure of the Chlorellae
in the main study, nor did we use the test with
an adjustment of toxic concentration, which is
never carried out in algal ecotoxicity testing
secause of the too time consuming and expensive
methodology that it implies. Nevertheless,

it was interesting in a preliminary investiga-
tion to compare these two methods of exposure
with the pseudedynamic cne. The pseudo-
dynamic test requires no specific

FC
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apparatus, and no difficult procedures. Even if
the increase in toxicity that it reflects 1is not
50 high as the true dynamic test, the difference
in results compared to the static conditions is
important enough to be pointed out.

COMPARISON OF THE STATIC AND PSEUDO-DYMAMIC TEST
WITH COPPER, CADMIUM, LEAD AND CHROMIUM

In the following trials, the acute reflects of
the four tested metals have been compared using
the static and pseudo-dynamic methods of expo-
sure of the Chloreilae. Each compound was tested
four times (n = 4). Biological effects were
evaluated after 72 and 06 h (Table 4}.

Resuits are the same as previously; in every
case IC.. values are Tower in the pseudo-dynamic
test thgg in the static one. After 96 h the
percentages of decrease defined as:

ICSO ST - ICgg POT

TCsp ST x 100

are respectively 58, 55, 74, and 73% for copper,
cadmium, lead, and chromium respectively. The
decreases in Ifgy are nearly the same after 72h
of exposure. S0, as in the preliminary assays,
there is no significant difference in toxicity
between these two periods of exposure. The
amounts of toxicant accumulated in the algae and
remaining in the supernatent fluid were evaluated
at the end of each assay. The average results
for the four tested metals are given in Tables
5, &, 7, and 8. The concentrations of toxicant
ieft in the supernatents after 96 h are very

Tow for every compound in both the pseudo-
dynamic and static tests. In the case of copper
{Table 5} the concentration in the supernatent
was lower in the pseudo-dynamic test {medium
value = 37%) than in the static method of expo-
sure (60%). This may be correlated with the
higher accumuiation of metal by algae in the
pseudo-dynamic test. The concentration factors
in the pseudc-dynamic test was about three times
higher than in the static test, as in the pre-
liminary assay (Table 5, Fig.6). Results are
different with cadmium (Table 6, Fig.6) where
the levels founa in Chicorellae are of the same
order of magnitude in the two conditions. The
mean vaiue of {F was nearly 4.000 in both cases.
On the contrary, the concentrations of this metal
in the static supernatent were small (average
percentage = 19%/static and 32%/pseudo-dynamic).
The same vemark can be made for lead (8%/static
and 12%/pseudo~dynamic). In this last test the
quantities of lead found in algae are at least
twice as high in the pseudo-dynamic exposure.
The mean values of the concentration factorcor-
raborate this {Table 7, Fig.6). As for chronium,
no significant difference was found at the same
concentrations of this toxic in the medium with
these two methods of exposure. CF did not ex-
ceed 1.000 in any assay {Table 8).

DISCUSSION - CONCLUSION

When looking at the results of the static
tests, it appears that biological effects of
the experimental compounds are similar to the
results found in other works. Thus IC 50-96 h
values are of the same order of magnitude as
the results found for copper {Young and Lisk
1972; Gea 1980) cadmium {Ferard and Mugel
1978; Truhaut et al. 1980) lead (Kee and Wolg
1963) and chromium {frcha, 1981; Vasseur et
al, 1982). nNo bibliographic data exist for
dynamic conditions. The lower ICgy vaiues in
the dynamic tests show that Chlorellae are
more strongly affected with such an exposure.
This increase of toxicity may be correlated
with an higher concentration factor of metai.
for copper and Tead. We considered the dose-
effect relationship to determine the amounts
of metal really accumulated in algae which
were responsible for the 50% decrease of algal
growth. Thus the levels of toxicant in these
organisms have been calculated, for an exposure
corrgsponding to each IC 50-96 h concentration.
it appears {Table 9) that the same biological
effects occur for an accumulation of toxicant
of a Tower concentration in the pseudodynamic
exposure than in the static one. Except for
copper, the amount of metal accumulated is
nearly twice as low in the pseudo-dynamic as
in the static test. Such results mean that
parameters other than the absolute level of
toxicant in algae is responsible for the ob-
served toxicity. It may be the kinetics of
distribution of the toxic substance which is
delivered continuously throughout the cell
cycle in the dynamic test. Senmsitivity to
some toxics is influenced hy the state of the
cells, in particular the phases of their
cycles (WRIGHT, 1981}. As in the aguatic eco-
system, algae are exposed to toxicants under
dynamic conditions in the test, hence it would
be fair in ecotoxicity assessment to take into
account this important parameter because

this series of experiments shows that static
tests give optimistic resuits and understate
toxicity. Dynamic tests are difficult to
carry out and an important fraction of the
algal biomass is Tast with the overflow. This
implies reguiar and identical discharge of
rmedium from every flask, if the 00 criterion
is to used to evaluate algal growth. This
fact may explain, first,why algal tesis are
generatly done with static exposure and,
second, that toxicity to fishis usually
evaluated with dynamic tests where this kind
of problem doesnot occcur { Pickering and Gast
1972; 1.5.0., 1980; 0.E.C.D., 1981). 1In this
context, it would be best to choose a pseudo-
dynamic method of exposure, which is very

easy to use for representative assessment of
toxicity in algae.
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TapLe 1 : OPERATING CONDITIONS FOR FLAMELESS ATOMIC
ABSORPTION SPECTROPHOTOMETER DETERMINATIONS OF METALS

COPPER [CCADMIUM | LEAD |CHROMIUM

WAVELENGTH (NM) | 3247 | 228.8 | 283.3 358

SLIT SETTING 0.7 0.7 0.7 0.7
(NM)

ARGON PRESSURE 3 3 2.2 2.2
(BARS)

PRIMARY PHASE 105°C [ 100°C | 100°C | 1i60°C
(DRYING) 50 sec, 20 sec, |20 sec, 30 sEec,

SECONDARY PHASE | 350°C | 700°C | 700°C |1350°C
(MATRIX DESTR.) 20 sec, 15 sec. (15 sec. |20 sec,

TERTIARY PHASE |1800°C |2450°C 12450°C | 2650°C
(ATOMIZATION)  [10 sec. |5 sec, |5 sec. |5 sec.

TaBLE 2 & 1C50 VALUES OF COPPER
AFTER A 72 AND 6 HOURS GROWING
PERIOD OF CHLORLLLA CULTURES IN

VARIOUS CONDITIONS OF EXPOSURE
(EXPRESSED IN ue/1)

. XPOSURE Time |

(HOURS)

72 | g

TEST

STATIC 240 265
STATIC WITH
ADJUSTMENT OF TOXIC 85 105
CONCENTRATIONS
DYNAMIC - 65 b2

PSEUDO-DYNAMIC 164 164
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Tas e 3 : DISTRIBUTION OF COPPER IN CHLORELLAE CULTURES AFTER

A 96 HOURS GROWING PERIOD 1N DIFFERENT CONDITIONS

INITIAL COPPER

CONCENTRATION 50 100 150 | 200 | 300 | 500
I ue/L

COPPLR CONCEN- .
cecpuareyr  POT 18 22 %6 0 37 ) 46 8
U wory ST 46 s3 [ 112 138 | 180 505
COPPER CONCEN- g7 | 4o | 110 | 173 | 315 | 750 | 3200
TRATION INAL- ppr | g0 | 296 | 600 | 829 | 1273 | 3000
RAE (MG/KG DRY gr_ptc) 245 | 584 | 1711 | 3240 | 3750 | 4300

HE IGHT)
concenTRaTioy ST | 800 | 1100 1150 | 1575 1 2500 | 8400
CACTOR POT | 1600 | 2960 | 4000 | 4145 | 4143 | §00O
ST-ATC| 4300 | 5840 | 11400 | 16200 | 12500 | 8600

ST = STATIC TEST
POT = PSEUDODYNAMIC TEST
ST-ATC = STATIC TEST WITH ADJUSTMEMT OF TOXIC CONCENTRATION



Tamie 4 ¢ COMPARISON OF [Csn VALUES (me/r) IN STATIC AND
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PSEUDODYNAMIC CORDITIONS FDRhijF?ERENT MINERAL COMPCUNDS AND

1
1
|
\
t
3
|
J
|

!
CoMPOUND |
i COPPER | CADMIUM LEAD CHROMIUM
TEsT | ; ‘
72 0.23*0.08 /1,210,201 1.83:0.21 0.3710.165
STATIC 5

96

$.27+0.07

1.2240.19

2.20t0.31

0.59+0.26

PSEUDODYNAMIC
%

0.10:0.06

0.11%0.06

10,657 0.09

10.5510.05

0.53+0.20

0.57%0.26/0.16% 0,01

0.12%0.011
|

72
2 REDUCTION OF ICey
%

57 %

58 7

4 7

55 %

71 %

LR S

1
mr

75 %




F ST

CORPER COKCE
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Tase 5 : DISTRIBUTION OF COPPER IN CHLORELLAE CULTURES AFTER A 95 HOIRS
GROWING PERIOD IN STATIC AND PSEUDGDYRAMIC CONDITIONS (N = &)

TRATICHN

ADRED 1 BED UM 50 75 100 150 200 250 300
QL ITEVIR,

COPPER COMCEN- ﬁ
Saation n ST s7:i2 ' 85121 | 16027 | 10117 153143 | 18813
SUPERNATENT |
TN se/L) POT | 43116 4516 B7£34 | 71%19 9125 R
COPPER CONCEN- - | |
TRATION IN AL- ST | 119%45 . 26571120 | 482£257 | 7631300 9581480 10112392
GLE (IN MG/KG ) wannl s L s
RV EIGHTy | FDT | 161:48 | 387¢140 | 9552320 | 1386885 | 15452700, 5
(CONCENTRATION ST | 2380 . 2650 | 3210 15 3830 3370
FACTOR POT | 3200 5160 9550 9240 7725 S B

o= RO DATA
o= ong DATA

CONCENTRATION NCT TESTED
CONCENTRATION NOT TESTED. FOR IT IS TOO MUCH TOXIC IN PSEUDO DYNAMIC CONDITIONS



Tapig B

DISTRIBUTION OF CADMIUM
SROWING PERICE IN STATIL B

47

360

34120

59

T

[
[

Ry
L
fow)
>

LIRS

564 * 298

1168 £ 168 1 15151 342

= 4 #

[
ol
N
[e.e]

i+

pvs
[e4]
A

2021t

)
2
iny
i
o]
jie]
i)

25851 1087 4557 ¢

(43

"
20!

!

I-

1

9700 £ 2220 12820 * 3684

43 o

4450 4047

3880 5973

4300
i /
LOan ; v H L0330 4 3 W #
-!,ugu i 5}@/ c -ngu
CONCENTRATION NOT TESTED, FOR 1T I8 100 MYLZH TOXIC IN PSEUDRO DYNAMIC COHDITIONS
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DISTRIBUTION OF LEAD TN CHLORELLAE CULTURES AFTER A 96 HOURS

GROWING PERIOD- IN STATIC AND PSEUDOLYNAMIC CONDITIONS (N = 4)

I
i

|LEAD CONCENTRATION |

ADDED 1 REDIUM 500 750 100 1500 2000 2500 2000
(ug/L}
LEAD CORCEN- o7+ 4515 . 5623 | 9815 1018 | 217140 | 402 £330
TRATION ADDED | | | !
IN MEDILH 0T | 50:15 | 62015 | 14esi | 122:30 | 1920 | 390+ 38 !
(ue/L) 1 ! i
| |
'z |
%gi?légﬂgiw' ST | 7711870 * 1670 + 1030] 3050 * 1580 | 5680 * 4300 6300 * 4160 | §345 1 4710
Tt i : : g ‘
ALGRE (MG/KG  ppr | 1510 2520 1 21802 805 | 3764 2 2300, 7765 * 2500 12516+ 8210 * 1326345020
DRY WEIGHT) ! ; .
CONCERTRATION ST | 1540 . 1670 2035 2840 | 2520 2780
FACTOR pOT 2300 2906 3760 5175 8260 . * 4420

*

FOND DATA

CONCENTRATION NOT TESTED
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Tape 8 : DISTRIBUTION CF CHROMIUM IN CHLORELLAE CULTURES AFTER A 96 HOURS
GRCWING PERIOD IN STATIC AND PSEUDONYNAMIC CONDITIONS (N = &)

j CHROM LU : | : ;
: ﬁlﬁf;%?ﬁm 100 200 ¢ W0 L 8O0 | g0 | 800 !
LG/ ) | |

CHROMIUM CONCEN- L 5 :
S4%6 | 139%1 | 304117 525118 0 675 (L) | 6AIT110)

TRATION 1§
SUPERARTENT pp7) 71%7 | 162t | 35616 | 551 (L) S
(ue/:) : ; ;
CHROMIUM CONCE- | ; crer | sere o |
TRATION 1N 5T B4 5 158 £ 15 245156 g 701101 765t 156 ? 890 1 2“0;
ALGAE {MGfKG i 1 -+ | 1 x* ¥ § € i
gﬁgy WE?GHT) 755 15111 | 3661 114 415190 3 !
S ; . |
CONCENTRATION 8T 840 780 ¢ 812 618 956 988
FACTOR POT| 750 755 0 915 1 692 - M
| ‘ | |

#3 = MO LATA 5 CONCENTRATION NOT TESTED FOR IT (4% TO0 HUCH TOXIC IN PSEUDRO DYNAMIC CORLITIONS

{1} = wiTHOUT STANDARD ERROR BECAUSE W = 2
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TasLe O 1 EVALUATION OF CUMULATED METAL [N ALGAE

A 95 HOURS-PERI0D OF EXPOSURL TO_THE IC 5p CONCENTRATION

CoMPOUNDS TESTED
|
Coprer | Capmium tean ChRoMIUM
i
ST 0.27 1.22 2.20 (.59
[CBG_SG H {mMa/L) .
POT .11 0.55 0.57 0.1s
CONCENTRATION IN 3T 1030 5000 5450 484
ALGAE {MG/KG DRY
| WE1GHT) PDT 772 2522 1935 130
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Cd++‘

Mg ft

5001

4004

3001

2001 \

100 4 s

0 : v v -
minutes

FIGURE t : KINETICS OF DECREASE OF COPPER CONCENTRATIONS
IN SUPERNATENTS OF CHLORELLAE SUSPENSIONS
5
(1.3 X109 CELLS/ML) EXPOSED TO DIFFERENT COPPER

CONCENTRATIONS FOR 1,4 AND 30 MINUTES.,
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concentration
factor i
x 10° d
, -:-:
\ R NN
\ri'i
51 NG [T} 008 mg/
N o §;f'§ \Q g.zs —
"t \;'.;J' bt . -
2
] AN Cu 02 —
0 N i"" —
5" o] 0.3 mg/i
. m 05 -
++ T —
Cd 15 —
4] -
e ] 0.5 mg/!
57 =N M. —
1 E =15 —
=5 *e*e’s 2 —
; = = PL"" it 25 —
{ - =) o
0 § =t =K -~
5 e 0.1 ma/!
0.2 w
&+ b 04 —
Sl
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FIGURE 6 : CONCENTRATION FACTOR OF SOME INORGANIC COMPOUNDS

-iIN CHLORELLAE AFTER 96 HOURS OF EXPOSURE IN STATIC

OR PSEUDO-DYNAMIC CONDITIONS
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ASSESSING INDUSTRIAL WASTEWATER WITH A CONTINUQUS AND AUTOMATED
ON-LINE TOXICITY MONITORING SYSTEM

David Gruber and W. Roscoe Miller 111

Biological Menitoring Inc., Blacksburg, Virginia U.S.A.

GRUBER, David and W. Roscoe MILLER III. 1982. Assessing industrial wastewater with a
continuous and automated on-line toxicity monitoring system. Can. Tech. Rep. Fish.
Aquat. Sci. 1183,

A unique on-line Biological Menitoring Facility (BMF) has been developed to
automatically and continucusly monitor complex effluents at a U.S. Army Ammunition Plant. The
BMF assesses wastewater gquality by monitoring the ventilatory behavior of fish and several
physiochemical parameters, with an on-line minicomputer system. This BMF is housed
within a 10 x 4 m trailer. If a number of fish simultaneously breathe abnormally, or if the
physiochemical parameters drift outside of the user-inputted acceptable range, an alarm
routine automatically generates both audible and visual signals and then places several
telephone calls to notify the proper personnel of an alarm condition. Biological alarms
trigger within 20 minutes after the introduction of a diluted effiuent.

Key Words: Biological Monitoring Facility, wastewater quality, fish, ventilatory rate.

GRUBER, David and W. Roscoe MILLER III. 1982. Evaluation des eaux résiduaires industrielles
a 1'aide d'un systeme en direct de surveillance continue de la toxicité. <Lan. Tech. Rep.
Fish. Aquat. Sci. 1163.

Ure dnstallation unique de surveillance biologique en direct est mise au point en vue
de permettre le conirdle automatique et continu des effluents complexes d'une usine de
munitions des Forces armdes américaines. L'installation analyse Ta qualité des eaux résiduaires
d'apres le rythme respiratoire de poissons et divers paramdtires bigchimiques, grace & un
mini-ordinateur fonctionnant en direct. Elle est logée dans une remorgque de 10 m sur 4 m.
Des qu'un certain nombre de poissons respirent de facon anormale ou que les parameires biochimiques
débordent la plage acceptable fixée par 1'utilisateur, un programme d'alerte actionne
automatiquement des signaux sonores et visuels et établit des communicatiens téléphoniques
oour en aviser le personnel compétent. L'alerte est déclenchée dans ies vingt minutes qui
suivent 1'introduction d'un effiuent dilué.



INTRODUCTION

The feasibility of using fish ventilatory
rates to assess toxicity has beer well docu-
mented, and numerous laboratory studies have
illustrated the sensitivity of fish ventilatory
behavior to a variety of compounds (1-38). The
field verification of the use of fish breathing
patterns as a biological monitoring tco? has
been scantly researched as Tew systems have
been transferred from the Taboratory te an
industrial setting. Research by van der
Schalie {39) reported on a fish ventilatory
monitoring station at an industrial site. This
first generetion biomonitoring system did not
verify the field application of this approach.

Research by Gruber et al. (7-10) on a
second generation biomonitoring system has been
presented, Recentiy this system was interfaced
to a 1.25 MGD rotating biological contactor
(RBC} piant designed to treat a complex fndus-
trial effluent.

The purpose of this study was t¢ examine
the relationships betweer acute toxicity (96-hr
LCRO) and the ventilatory response of fish
sensors, These data were then used to present
a case for the application of a Biological
Monitoring Facility (BMF) as the primary means
of on-iine monftoring of toxic substances.

MATERIALS AND METHODS

The BMF was interfaced to the RBC plant
such that wastewater could be collected from
three points in the treatment system. The
first sampling point was a pretreated influent
to an eqgualization basin. The second sampling
point was the influent to the RBL units., The
third sampling point was the final eftluent to
the receiving system.

Principal components of the BMF were a
dituter system, ventitatory tanks and module,
electronics to amplify the ventilatory signal,
and & minicomputer system used to count, store
and assess the ventilatory rates of twelve
bluegill (Lepomis macrochirus). Other compo-

nents ¢f the system included: a biocassay
diluter, an automatic water sampler, and a
water quality analyzer ({interfaced to the

miricomputer) for monitoring DO, temperature,

pH, and conductivity. These components have

?een } more  thoroughly described elsewhere
7-10}.

Bluegill used in the ventilatory system

were obtained from a commercial hatchery and
were 6-10 cm.  Bluegill wused in the acute
biocassay diluter were 2.5 %o 3.8 cm. ATl
arganisms were maintained under flow-through
conditions wusing receiving system dilution
water obtained upstream from the plant.

An experiment was started by first intro-
ducing wastewater, from one of the three
sampling points, into the biocassay diluter.
This was done at least 24-hr prior to the
introduction of the organisms. Before intro-
ducing the organisms, DO, temperature, and pH
were recorded and subsequently at 24-hr in-
tervals for the remainder of the 86-hr experi-
mental period. At the beginning of a bioassay,
10 randomly selected bluegill were introduced
into each of twelve containers. A logarithmic
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dilution series of the wastewater was used. At
each concentration there was one replicate.
Ninety-six - hour LC50 values were calculated
ysing probit and Spearman-Karber technigues

(40,41).
Ventilatory rate data were recorded from

tweive bluegill, During wastewater exposure
four biuegill were exposed exclusively to
diluent {i.e., upstream dilution water). The

remaining eight bluegill were exposed to a
metered dilution of the wastewater. Ventilatory
rate data were collected in ten-minute dinter-
vals. & sequential moving average approach was
used to determine if any of the twelve bluegill
significantly altered its veniilatory rate over
time. A computer algorithm provided a user
option for determining how many fish had to
begin breathing abnormally before an alarm was
triggered.

Basically, twe Tlevels of alarms were
provided. One, when a user-optioned number of
wastewater -exposed fish began breathing abnor-
mally. The second alarm was triggered when a
combination of wastewater exposed and diluent
exposed fish began breathing abrormally. These
alarms were classified intc a high and a Tow
priority alarm, respectively.

RESULTS

Data from six 98-hr bioassays and simul-
taneous ventilatory rate experiments are pro-
yided in Table 1. The 96-hr LC50's ranged from
a low of 29% (most toxic) to 58% {least toxic).
The frequency of high priority alarms prior to
affluent introduction (a false alarm) was quite
low. From a total of 39,910 minutes of pre- and
post-gxposure ventilatory monitoring, one high
priority alarm was recorded (i.e., a false alarm
rate of 0.025%). During four (A,C,D, and E} of
the six experiments the animals in the ventila-
tory apparatus were exposed to a dilution of the
wastewater which was 1.4 to 1.7 times the 96-hr
LC50. During the remaining twe (B and F)
experiments the animals were exposed to 0.52 (B)
and 0.86 (F) of the 96-hr LCAO.

The number of high and low priority alarms
along with the time (minutes) to alarm is also
provided “in  Table 1. The variables which
appeared to best correlate with the abserved
g6-hr LC50 seguence was the time to the first
high prierity alarm. The LC50 data ordered from
most toxic to Teast toxic were - E>C>D>F=A>B.
Based on time to first high priority alarm the
sequence was E>[>C>A>F>B. Considering the small
differences in LL5G’s between experiments A,C,D
and F these data correiate quite well.

An  illustration of the types of data
collected from a ventilatory experiment is
presentad in Figures 1 to 3 for Experiment A.
Data for four (4, control fish{0 te 3) and eight
(8) wastewater exposed fish {4 to 11} are
presented. The wastewater was introduced begin-
ring at hour 19.3 and turned off at hour 21. At
Teast five aspects of fish ventilatory behavior
are evident from these data. One, fish breathe
at different rates. All fish were held under
identical conditions and all were of the same
age ciass. However, some Tish breathe at a
retatively constant rate (e.g., fish 0} while
others are more erratic {e.g., fish 2). Two,



warnings {individual statistical departure from
a previously user-optioned set of variables)
were generated by control animals and during
pre-exposure conditions. Three, the typical
response to wastewater exposure was a simul-
taneous decrease fn  ventilatory frequency
coupled with an increase in the varfability of
the ventilatery data. Four, warnings occurring
prior to effluent introduction were dealt with
via the <c¢ritical Timits vrecalculation sub-
routine, and did not contribute to a faise
alarm, Five, the number of warnirgs for this
experiment fincreased 2.4 times following ef-
fluent introduction,

An analysis of the data from aill six
experiments revealed what appeared to be a
logarithmic relationship between the time to
high priority alarm and what percentage of the
.C50 the ventilatory monitors were exposed to.
Using the logarithmic model

¢ = b LESO
cOne
where :
t = time to high priority alarm

LCS5G/cone = 96 hr LC50/ventilatory exposure
concentration

e = hase of the natural iogarithms

o, = constants

a linear regression was performed on the log
transformed data points, yielding:

LC5G
cone

£ = 0.679&'42

The relationship had a correlation coeffi-
cient of 0.95; thus, the model was assumed to
apply. The results are shown in Figure 4.

DISCUSSION

The major thrust of these experiments was
the field verification of the BMF., Even though
the 96-hr LL50 fluctuated from 29% to 58%
wastewater, the ventilatory system responded
quickly to toxic thresholds at 0.52 to 1.72
times the 96-hr LC50., These data have indica-
ted that a BMF could be used to continuously
monitor effluent toxicity.

The present BMF has or will incorporate
several other features which should enhance its
field utility. One, an automatic water sampler
is currently interfaced to the computer such
that a wastewater sample is automatically
collected upon alarm generation. Consequently,
a wastewater samplie is provided at the time &
toxicity threshold 1is exceeded.  Subseguent
analyses of this sample could help identify
process peints  causing the cobserved toxic
response and suggest possible treatment activi-
ties necessary to reduce effiuent toxicity.
Second, an automated telephone message genera-
ting system will be interfaced to the computer.
This will enable the communication of an alarm
condition to plant perscnnel. In this marner,
plant personnel can check the computer for the
alarm prierity, pick up the automatically
collected wastewater sample, and initiate the
required analysis. Third, the alarm signal
could be interfaced to an electronic valve such
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that the final eftiuent could be diverted to a
holding pond or recycled to the headworks of the
treatment system. These events have been
summarized in Figure 5.

MNotice that if the effluent is approved for
discharge, no permit (NPDES) testing would be
warranted. However, several conditions should
be met prior to pursuing this course of action.
Cne, the ventilatory system must be calibrated
on-site to acute biocassay results. lwo, the
plant's treatment must be of sufficient reli-
ability such that the treatment of conventional
pollutants are of secondary importance to the
toxics present, Three, well trained personnel
must be available to make decisions based on the
BMF's output (i.e., divert the wastewater,
additional treatment needed, recycle the waste-
water, etc.).

An  important guestion din the ultimate
functioning of biomoritoring systems at indus-
trial sites is - what dilution of eftiuent
should the sensors be exposed te? It is un-
reasonable to expect that 100% effluent would
not illicit a ventilatory response. It is also
unreasonable to expose the sensors to the pre-
viously determined 96~hr LC50 since this may
also present the sensors with an unrealistically
high exposure. It could be suggested that the

sensors be exposed to the Jin-stream waste
concentration (IWC) as determined by the
equation:
T ar = Qw
THC (%) = T X 100
where:
Qw = effluent flow (MGD)

i on

Qr = 7010 {7 day, 10 year low flow of

recefying system in MGD)

For exampie, the piant that the BMF is
currently interfaced to has a final eftluent
flow (Ow) = 1.5 MGD. The 7Q10 {as determined by
USES records} at a point several miles above the

plant is 43.3 MGD. Consequently, the IWC by
calcutation equats 3.35 percent. Appropriate
application facters can be incorporated into

this figure which could partially account for
differences between persistent and non-persis-
tent pollutants and toxicity 1in and arpund a
mixing zone.

Alternatively, a relationship simifar to
that depicted in Figure 4 could be used to
predict the exposure concantration. The selec-
tion of the exposure concentration could be
based on a 96-hr LC50 and the sensitivity (time
to alarm) desired.

WHY BIOLOGICAL VERSUS PHYSIGCHEMICAL MONITORING?

The technologfes of physiochemical moni-
toring have experienced tremendous growth and
sophistication over the past three decades. As
a consequence, chemical and physical monitors
have traditionaily been used for assessing water
quality. However, there are seven distinct
disadvantages to this approach, Ore, monitering
physiochemical characteristics cannot be used to
directly determine toxicity. Two, chemical and
physical moritors cannot determine synergistic,
additive, or antagonistic effects. Three,
physiochemical monitors are alse very specific,



monitoring only 2 small percentage of poten-
tially harmful substances. Four, chemical
substances may have adverse bioTogical effects
at concentrations below present analytic
capabilities, Five, few systems can be used
continuously and automatically and most chemi-
cal analyses incorporate expensive, time
consuming and elaborate technologies requiring
skilled fechnicians, Six, many of the more
elaborate analytical techniques are subject to
interferences making data interpretation
difficult., Seven, the time to collect, ana-
lyze, and report physiochemical test results
often preclude prompt pollution abatement
action.

In  contrast to the physiochemical
approach, biological menitoring systems utilize
a living sensor to integrate the myriad bio-
togical, chemical, and physical factors which
taken together determine toxicity. The fish
ventilatory system presented here has been
shown to be directly correlated to the 96-hr
LL50, a value that to a large extent determines
affluent and stream standards. Consequently,
this system provides a direct means of continu-
ously and autematically monitoring effluent or
in-stream toxicity.

VALUES AND LIMITATIONS OF AUTCMATED

BIOMONITGRING
liastewater dischargers, have effluent
1imitations (e.g., kg day of COD) which

require that wastewater samples be collected at
regu?gr intervals {typicaily once day = or once
week ~). At many facitities, expenditures for
these requirements make up a significant
portion of the funds marked for multimedia
environmental control. To reduce these expen-
ditures, a continuocus and automated biological
monitering system could be used to dictate the
frequency of required wastewazter sampling for
chemical monitoring, thus reflecting substan-
tial cost savings for meonitoring requirements.
The Office of Water Enforcement of the
U.S. EPA has formally indicated that a fish
ventilatory system, such as the one described
in this paper, may be used to determine when

wastewater samples should be <collected and
analyzed. Upon generation of a prigrity alarm,
the BMF automatically cecllects wastewater

samples and notifies the proper plant person-
nel. The collected eftluent samples could then
be analyzed, the constituents{s) causing the
alarm identified, and steps initiated to locate
the probiem area{s) within the production or
treatment process. Once problem areas are
Jocated and corrective measures taken the
frequency of subsequent alarms would decrease,
thereby reducing the number of chemical
analyses reguired. Since the operation and
maintenance of a continuous and automated BMF
requires about one-half of a man year at the
technician level, tremendous cost savings for
an industry may be reslized over a relatively
short time.
There are several other advantages to
using a BMF, First, the system offers continu-
ous monitoring protection. Second, the com-
puter makes an objective decision regarding
water or wastewater quality. Third, the BMF
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could detect a hazardous discharge prior to it
entering a receiving system or it couid detect
when a drinking water supply has been contami-
nated. Ultimately, the use of a BMF would
gnhance the public's confidence in a treatment
plant's operation.

There are several potentfal disadvantages
to using the present BMF, First, only a single
species is monitored. Whether this approach
extends protection to cther species remains to
he seen. The Titerature does suggest, however,
that the single species test with a sensitive
1ife stage of fish may be a valuable component
of an overail hazard assessment strategy.
Second, it is difticult to determine the ecolo-
gical significance of a fish changing its
ventilatory rate. Although ventitatory rates
change prior to acute mortality in the labora-
tory, the same may not be true in the field,

A third disadvantage is the initial capital
oytTay. {osts for the system's compcnents, as
described here, approach $65,000 (although the
equipment may be phased in to reduce financial

burdens). However, the potential for chemical
monitoring trade-offs, coupled with a small
operational budget, should make this approach

cost-effective,

The fourth disadvantage to this automated
ard continuocus monitoring approach is its
experimental nature. To date, only Biological
Monitoring, Inc.'s system is computer based and
operated on-line. Several non-computer based
systems are in operation at industrial sites and
as research tools., However, most researchers
have concluded that computers must be used to
assess the large volumes of data. Some computer
based systems were utflized for research pur-

poses only.
Conceptually, the types of data provided by
hiological monitoring systems offer a more

direct approach than physiochemical systems at
predicting effluent toexicity. This study has
iliustrated the efficacy of this biological
monitoring approach. The widespread acceptance
of this approach, however, awaits regulatory
approval at both the state and federal levels.
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BIDACCUMULATION OF MERCURY IN AQUATIC ECOSYSTEMS
U. Theodore Hammer, P.M. Huang and W. Liaw

University of Saskatchewan, Saskatoon, Sask.

HAMMER, U. Theodore, P.M. HUANG and W. LIAW. 1882. Bicaccumulation of mercury in aquatic
acosystems. Can. Tech. Rep. Fish. Aguat. Sci. 1163.

The study was designed to determine the extent to which aquatic fauna and flora accumulated
mercury and the relationship to mercury occurrence in sediments where organisms reside. This
would form the basis for determining the bioiocgical role of mercury cycling in aguatic ecosystems.
Benthic samples were taken by dredge throughout the upper portion of the Qu'fAppelle River system.
Littoral sampies were also taken and seine hauls of small fish were made. Organisms and sediments
were analyzed for mercury conient subsequentiy. Every organism sample analyzed contained mercury.
Conmcentrations over Iug Hg.g ° dry weight were found in Chironomus plumosus, Hvallela azteca,
Corixidae and Gastropoda. Somewhat Tower values were recorded for other organisms including small
Tish, aquatic macrophytes and filamentous algae. No relationship to sediment mercury content
was found. Biomagnification of mercury in the food chain was not apparent.

Key Words: Mercury, Chrionomus plumosus, Hyallela azeteca, Corixidae, Gastiropoda, benthic inverte-
brates, fish.

HAMMER, U. Theodore, P.M. HUANG and ¥. LIAW. 1982. Bioaccumulation de mercure dans les écosystémes
aquatigques. Can. Tech. Rep. Fish. Aguat. Sci. 1183.

L'¢tude vise & déterminer dans queile mesure la faune et la flore aquatiques accumulent le
mevrcure ainsi gue Te rapport entre cette accumulation et la présence de mercure dans les sdédiments
oli résident les organismes en question. Les résulfats obtenus permettent de déterminer le rdle
biologique du mercure dans les écosystémes aquatiques. 0On tire des €chantillons benthigues de
la partie supérieure du réseau Fluvial Qu'Appelle au moyen d'une drague. Cn prélave aussi des
gchantillons Je Tong du Tittoral et 1'on peche des quantités de pefits poissons a 1a seine. On
anaiyse les organismes et les sédiments ainsi recueillis afin d'en établir la teneur en mercure.
Tous les échantillons analysés contiennent du mercure. On relve des concentrations de plus de
1 pg Ho.g * de matiére séche dans les spécimens de Chironomus plumosus, d'Hyallela azteca, de
corisidés et de gastéropodes. Les autres organismes, y compris les petits poissons, les
macrophytes aguatigues et Tes algues filamenteuses, ont des concentrations Iég2rement inférieures.
On ne peut démontrer aucun rapport entre la concentration de mercure dans les sédiments et la
teneur en mercure des biotes. Il ne semble pas y avoir amplification de ta concentration lorsgu’on
remonte la chaine alimentaire.
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INTRODUCTION

Mercury became recognized as an environmental
problem in Japan in the 1950s and subsequenily
in Sweden in the 13960s. The problem became a
North Americar one when Wobeser et al. (1970)
found high mercury levels in fish of the
Saskatchewan River system. Subsequently mercury
of varying levels was found ir food fish through-
out Saskatchewan and North America. Maximum Te-
vels for human consumption were set at 0.5 ppm
Hg. In some cases this resulted in the banning
of #ishing for commercial purposes. The Fish
for Fun program was instituted in some
Saskatchewan waters where mercury concentration
in fish exceeded the 1imit. OUne of the systems
affected was that of the Qu'Appelie River.

The Qu'Appelle basin includes 50,000 km2 in
southern Saskatchewan and one-third of the pro-
vincial population {Hammer, 1973). Lakes in the
basin have multiple usage. Buffalo Pound Lake
provides water for Moose Jaw and Regina. ATI
the lakes have intensive recreational use includ-
ing game fishing for walleye (Stizostedion
vitreum) and northern pike (Esox lucius). The
mercury content of these fish has often exceeded
0.5 ppm Hg since the early 1970s although other
fish species have contained Tower amounts. What
is the source of the mercury?

tanada and Saskatchewan Departments of the Envi-
ronment investigated stream sediments {(Gummer and
Fast, 1579) and found variations from 0.1 to

0.3 ppm total Hg (near background) to 38 ppm in
stream sediments to 89 ppm in sediments along
stream banks. The nhighest values occurred in the
tower reaches of Thunder Creek and downstream in
the Moose Jaw River. Few methyl mercury analyses
were conducted but a range of 21 to 52 ppb was
measured.

Gumer (1980) investigated Hg movement during
spring runoff in 1979, Maximum suspended total
Hg (0.13 g Ha/L water) occurred at peak fiow
and maximum suspended sediments and particulate
carbon levels. But the maximum in suspended
sediment {G.58 ppm Hg) occurred when the clay and
silt ratic was 1 which was prior to peak dis-
charge. Otherwise the level was 0.15 ppm Hg.
Loading of mercury ranged from 92 g day {April 16
at the start of runoff to 745 g Hg/day at peak
discharge (April 24) to 42 g/day at runoff ter-
mination (May 22).

Munro and Gusmer (1980) investigated biological
uptake in Thunder Creek in a high mercury zone
and 2.5 km upstream. There was a significant
difference in mercury content between the two
sites in the crayfish, Orconectes virilis (0.22
and 0.08 mg Ha/kg wet weight), the brook sticie-
back {Culaea inconstans) (0.15 and 0.09 mg Hg/kg),
and pearl dace (semotilus margarita} (0.07 and
0.03 mg Hg/kg). ATl of these species serve as
nrey for game fish, birds (e.g., great blue heron)
and mammals {e.g., mink).

Rogers et al. {1981) showed that Qu'Appelie
River system sediments sorbed and desorbed
total mercury according to multiple first
order kinetics. They found that these sedi-
ments have a high sovption capacity for Hg
while the desorption process is relatively
slow.

The ohjectives of our survey were to:

1. determine the distribution of mercury in
sediments of the upper Qu'Appelle system.

2. -determine the bicaccumulation of mercury
in fayna and flora.

3. determine the relationship between sedi-
ment mercury and the amounts accumulated
in the aquatic food chain.

METHODS

Sediment samples were collected from lakes

and streams of the Qu'Appelle River system,
During a preliminary survey in July 1978,
sediments were collected from a broad spectrum
of stream sites some of which are shown in
Fig.t.

Subsequently sediments were collected in
October 1980 from Buffalo Pound Lake (stations
1 and 2) near the east end of the lake and
from the Moose Jaw River {stations 27 and 32).
In May 1981 samples were collected from selec-
ted sites in part depicted in Fig.2. During
September 1981, further sampies were collected
from Buffalo Pound, Pasqua and Katepwa lakes
and at the Wascana-Qu'Appelle junction.
Organisms were sieved from the sediments and
identified. Organisms were also collected
from the Tittoral even when the substrate
there consisted of stones and coarse gravel.

A seine was used to collect small fish:

Sediments from four sites, two in eastern
Buffalo Pound Lake (BPL 1 and 2) and two in
the Moose Jaw River (station 27 just above and
station 32 just below Moose Jaw), were used in
a laboratory experiment to determine the
toxicity of sediments to Chironomus plusmosus
Tarvae. Sediments were placed in pint jars
and covered with distilled water. Chironomids
from Buffalo Pound Lake containing 1.1 (BPL 1)
and 0.58 {BPL 2) wg Hg/g dry weight were used
in the experiments. Two control replicates
were run with each of the native sediments
{BPL 1 and 2) and four replicates each of
sediments from Moose Jaw River stations 27 and
32 were established., Thirty to forty chirono-
mids from efther BPL 1 or BP1 2 were placed in
each replicate. The experiments were run at
4°C {winter sediment temperature) for 120 days.
Samples were examined at 40-day intervals to
determine survivorship. Mercury analysis of
the survivors was performed at the end of the
experiments.
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Sediments were stored at 4°C. Prior to chemical
analysis sediments were thoroughly mixed. Analy-
sis for total Hg was carried out with a UV _mer-
cury analyser {at the wavelength of 2.537 &)
utilizing the cold vapour technigue for total Hg
determination (Bishop, 1977%; USEPA, 1974). Toal
organic carbon was also determined for the 1878
samples {Liaw and Huang, 1979).

RESULTS

Figure 1 11luystrates the downstream variations

of total mercury in sediments during July 1978.
The highest values were in Wascana Creek below
Regina but above the sewage disposal point source
{1.381 ug Hg/g) dry weight of sediments), 0.501
ug/g in the Moose Jaw River below Moose Jaw and
0.314 ug/g in the Qu'Appelle River bhelow its con-
fluence with tha Moose Jaw River. The lowest
mercury levels were below Katepwa Lake (0.004),
above Pasgua Lake {0.0711), immediately below
Buffalo Pound Lake {0.028), in Wascana Creek above
Regina {0.027), and in the Moose Jaw River above
Moose Jaw (D.034 ug Hg/g)l. The organic carbon
content ¢of these stream sediments ranged from
(.29 to 4.75%. There was a highly significant
correTation between total mercury and organic
carbon percent content of the sediments, r =0.664
{0.05, 25 d.f.}.

Table 1 gives the variations in mercury content
of sediments fauna and flora during 1980-87.
Sediment mercury ranged from 0.08% {Buffalo Pound
Lake off the provincial park) to 4.6 ug/g sediment
dry weight at 13 m depth in the channel off
Katepwa Point, Katepwa Lake. Concentrations in
invertebrates ranged from <0.05% (Sphaerium) to
2.0 ug/g Ho/g dry weight (Corixidae}. In fish
muscle mevrcury concentrations varied from <0.05
(several species) to a maximum of 0.87 ug/g in
Culaea inconstans. Macrophyvies ranged between
0.G3 (Myriopnyllum} and 0.53 wgfg (Scirpus) while
filamentous algae varied from 0.05 fo (.65 ug
Ho/g {Cladophora}. The correlation coefficient
of the relationship between faunal and sediment
mercury was 0.022 {0.0%, 26 ¢.f.) while that for
aquatic plants and sediment mercury was 0.723
{0.05, 3 4.f.). Neither relationship was sig-
nificant. Only organisms directly associated
with the sediments where mercury was measured
were used in the correlations. Siwmilarly cor-
relations between Chirenomus plumosus and
Corixidae and sediment Tercury proved non-
significant. The variance for C. plumosus was
0.31 ug Hg/g {n = 6) while that Tor Corixidae

was .37 .g Hg/g {n = &).

Figure 2 shows some selecied comparisons with
respect to fauna and sediment mercury in the
Qu'Appele system. The highest Taunal mercury
concentrations were in Hyalells azteca (1.40)
and Corixidae {2.0) at Sandy Beach, Katepwa Lake,
and in Chironomus plumosus {1.1 pg/g) in Buffalo
Pound Lake in sedimenis with the lowest Hg con-
centration (0.088). Figure 3 shows scattergrams

of the mercury concentrations in organisms
corpared with those of associated sediments.

Resulis for the laboratory experiment are
given in Table 2 and Figs. 4 and 5. Figure 4
11lustrates the differesnces in survival of
chivonwids from Buffalo Pound Lake {(BPL 1)
over 120 days in sediments from BPL 1 and
Moose Jaw River sites 27 and 32. BPL 1 sedi-
ments served as a control. The use of a
paired test showed that the numbers of sur-
vivors in sediments from the Moose Jaw River
sites differed significantly from numbers in
control replicates. The LB$0 for site 32
averaged 92 days while LDgp™s for chironomids
in the other two sediment types were not
reached before the experiment was terminated.
Figure 5 shows the trend for survival of
chironomids from BPL 2 in sediments from

BPL 2, site 27 and site 32. There was no
significant difference in numbers of survi-
vors in BPL 2 and site 27 sediments after the
first 40 days. A1l other comparisons showed
a significant difference between the controls
(BPL 2} and experimental replicates for sites
27 and 32. LDsp's were reached after 88 days
in site 32 sediments and in 102 days in site
27 sediments but not in the control BPL 2
sediments during the 120 day experiment.
There was a significant difference in chirono-
mid survival between sites 27 and 32 with
chivonomids from BPL 1 but no significant dif-
fereace with chironomids from BPL 2. There
was no significant difference between sites
BPL 1 and BPL Z regarding chironomid survival.

of the chirgnomids varied in the
sediments. In Buffalo Pound Lake
they tunnelled throughout the sedi-
ments and rarely appeared on the surface. The
Moose Jaw River sediments were coarser {sand).
In site 27 sediments there was some tumnelling
but larvae tended ¢ vemain on the surface. In
site 32 sediments 1ittie tunneliling was ob-
served so larvae remained on the surface.

Behaviour
different
sediments

Lake and stream sediments were very fine grained
{find si1t and ciay). The exceptions were sites
27 and 32 in the Moose Jaw River which contained
some sand and the Sandy Bay, Katepwa Lake, 18 m
deep site which had many mollusc shells inter-
persed with sediments. Oscarson et al. {1981)
discuss the structure of these sediments in
greater detail.

DISCUSSION

No overall downstream trend is evident with
respect to total mercury concentration in
Qu'hppelie River system sediments (Fig.1,

Table 1). Headwater streams have Tow concen-
trations but these concentrations are higher
than those above Pasqua and below Katepwa lakes.
Yery high concentrations of mercury are present
below Moose Jaw and Regina impiicating these
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cities as mercury sources. In part this has
recently been verified as a Targe bed of concen-
trated mercury sediments has been located and
excavated from the Moose Jaw River in Moose Jaw
(D.7. Waite, pers. comn.}. To date, no specific
highly concentrated mercury beds have been found
in the Regina area.

Jackson and Woychuk (1981) found 0.35 to 66 ug
Ha/g in sediments of the Wabigoon River, Ontario,
with an exponantial decrease of total mercury
downstream from the original source. In the
Qu'Appelle River system there is also a decrease
in mercury downstream in the lotic system below
the cities. However, much higher concentrations
occur in the downstream lakes (e.g., Pasqua,
Katepwa [Table 1]). The lakes act as sinks for
total mercury. Rogers et al. (1981} have shown
that these take sediments have a high capacity
for the sorption of mercury. The presence of
organic matter in Katepwa and Pasqua lake sedi-
ments increases their mercury absorptive capacity
{Jackson, 1978). The significant corretation bet-
ween pevcent organic carbon and mercury in sedi-
ments supports this, although adsorption would
also take place to stream sediments, periodic
flushing, particularly during spring runcffs,
would erode mercury and sediments downstream.
Jackson and Woychuk (1981)found that the solution
of methyl mercury accelerated the loss of mercury
from the sediments in streams.

The concentration of chloride in water may also
have some influence regarding the sorption of
mevcury. Ramamoorthyand Rust (1978) found that

a 10-% M Nacl solution at neutral pH completely
bound H92+ and sorbed most of the mercury from
the sediments. Concentrations of chioride are
much higher than this in the Qu’Appelle River
Takes fe.g., 48 pom in Buffalo Pound Lake, 161 ppm
in Pasqua Lake) {Hammer, 1971). Concentrations

of chloride in the streams would tend to be still
higher below Moose Jaw and Regina (Warwick, 1966).
Thus the binding qualities of the sediments must
prevent the leaching of mercury from the sediments
by the high chloride concentration in the agueous
medium,

Thomas (1974) found a range of 0.004 to 8.5 ppu
total Hg in sediments of the Great Lakes with a
mean of 0.347 ppm. He considered 0.083 ppm as
mean background in Lake Superior. This is a
greater range than we found in the Qu®Appelle
River lakes.

Of particular interest is the considerable varia-
tion in mercury content in lake sediments between
years and between seasons. For example, values
in Buffalo Pound Lake were 0.089 and G.12 in
October 1980 and 0.39 and 0.57 ug Hg/g in May
1981 at stations 1 and 2, respectively, and 1.7
19 Ho/g at a nearby third site in September 14981.
The sediments wers located at aboui the same
depth (ca. 2-3 m) on a relatively flat lake plain
and appeared to be fairly similar in structure.
If there are seasonal changes, we might expect
the September sample to be more similar to the
October concentrations rather than higher in
mercury than any of the sites. On a flat lake

plain, we might expect mercury to be distri-
huted fairly evenly. In the channel off
Katepwa Point in Katepwa Lake at a depth of
19 mm, mercury content of sediments was 1.0

in May and 4.6 ug/g in September 1981. Since
the channei is relatively narrow (about 300 m)
it is to be expected that currents may be of
considerable importance in distributing heavy
metals in sediments as occcurs in streams
(Gummer and Fast, 1979). 1In any case, it is
almost certain that the source of mercury in
these lake sediments is from outside the
lakes themselves.

Temperature has been shown to affect the rate
of mercury sorption and desorption {Rogers et
al., 1981)., However, bottom temperatures at
the three periods of collection would vary
1ittle in Buffalo Pound Lake (8 to ?20C) but
could be _much colder in Katepwa Lake in deep
water {6°C) where stratification cccurs
{Hammer, 1971).

Considerabie variations in mercury content of
organisms occurred in the system {Table 1,
Figs. 2 and 3). Rooted aguatic vegetation
accumulated <0.05 to 0.53 ug Hg/g dry weight.
Myriophyllum exalbescens, Potamogeton crispus,
and Scirpus validus accumulated maxima of 0.35
to3.53 ug Ho/g This contrasts sharply with
Potter et al. (1975} who found that rooted
plants accumulated relatively Tittle mercury.
We did not investigate whether the mercury was
adsorbed on plant tissues from the water or
transiocated from the rocots. Bretelier et.
al.(1981) found that Spartina alternifoclia
accumulated mercury at the highest concentra-
tions in the roots. The accumulations they
found growing on mercury treated sediments
were similar te those we found in natural
sediments. We did not determine mercury con-
tent of plant roots. Filamentous algae grow-
ing as Aufwuchs contained from <0.05 to

0.65 ug Hg/g. Presumably these algae would

be more comparable to higher plants associated
with the sediments than with phytoplankton.
Potter et al. {1975) found similar values to
the above in algae {28 ppm) and leaves (34 ppm)
jn Lake Powell, a desert reservoir. Philips
{1977) summarized data showing accumulation in
marine macroalgae of up to 20 ppm Hg. Blinn
et al. (1977) found that photosynthesis of
phytoplankton was inhibited when mercury

> 0.06 ppm was added to contained subsystems of
[ake Powell water and plankton.

Although the correlation between mercury in
aguatic piants and associated sediments was not
significant, the value r = 0,723 is fairly high,
The low number of samples {n = 5) mitigated
against a significant relationship. Brateler
et al. (1981) found the plants tended to ac-
cumulate more mercury when the sediment content
of mercury (artificially added) increased.

Most of the invertebrates analyzed for mercury
content {Table 1) feed on plant material
{(1iving or dead). The clams (Anodonta,
Sphaerium) are filter feeders in close associa-
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tion with sediments so that some of their food

is probably associated with the sediment surface.
Yet their flesh mercury content 1s only in the
range of <4.05 to 0.2% wqg/g. This corroborates
the findings of Potter et al. {1975). Shells of
Ancdonta did not accumuiate significantly more
even though one might expect tissues to clear
mercury more readily than wouild be likely with
calcium carbonata shells. The accumylation rate
for the shell is probahly lower. This is Tikely
true for gastropods as well. Kavbe et al. (1975)
found the largest mercury accumulation in clams
ana mussels in the Elbe River when oxygen was
highest. In the Qu'Appelie sysiem oxygen CONCEn-
trations may be Tow only in deep waters of
Katepwa Lake in the swmmer {Hammer, 1971},

Sediment feeders such as chironomids and oligo-
chaetes accumulated considerable amounts of
mercury f.2., 0.34 to 1.7 ug/g) Their diet con-
sists of organic material in the sediment and
organic matier has been vreported to accumuiate
relatively farge amounts of mercury {Jackson
1979; Potter et al., 1975). However, organisns
which do not feed on sediment per se such as
amphipods and croxids have even higher mercury
accumulations at times (Table T, Figs. Z and 3).
Maximum values were between 1.4 and 2.0 ug H/g.
These organisms feed on plant material on the
surface of the sediments. In contrast to
Armstrong and Hamilton {19?3}% the highest con-
centrations {2.0 ag Ha/g) occurred in Tittoral
dwelling covixids remote from any fine sediments
U.e., on a sand-gravel-rock beach in Katepwa Lakel
The amphipod Hyaleila alss had the highest con-
centrations {1.40 nug Ho/g) at this site. Pro-
fundal sediments nearby {300 m} at 18 m depth
only contained 0.27 wo Hog/o.

Secondary consumers {small fish} for the rost
part had relatively Jow concentrations of mer-
cury {i.e., <0.05 to 0.25). The only exception
was for Culasa inconstans (0.87 g Hg/g cellected
from Wascana Creek where the sediments contained
2.0 ug He/a). Crayfish {Orconecies) generally
had higher or as much as the maximum of the fish
they associated with. The biggest mercury con-
centration {Table 1) was in a large crayfish
collected at Katepwa Point, May 1981. In
September at the same location mercury concentra-
tions 1n crayfish weve the same as in small pike
and perch and the amphipod Hyaleila (i.e.,

0.26 vo/gi. The same levels were recorded for
Orconectes and a 15 om burbot {Lota lota} in
Pasqua Lake. In contrast, in Buffaioc Pound Lake
at that time Orconectes contained 0.49 ug Hg/g,

a pondweed Potamogeton crispus 0.46 ug/g while
perch and two minnows (Pimephales. N. atherinoides)
onty had 0.05 wpg Hg/g. It would therefore appear
that crayfish contain at least as much mercury as
do fish. Armstrong and Hamilton (1973} suggested
this comparison between crayfish and pike mevcury
accumulation. Crayfish and fish are quite mobile
and may thus be exposed to a broad spectrum of
mercury concentrations if such exist in the eco-
system in which they live. 3Since crayfish per-
force ltive on the sediments they may acquire mere
by mere proximity. tants and most of the other

invertebrates fend to have rather limited
rangaes from which they can accumulate mer-
cury. Thus it might be expected that they
wight have concentrations of mercury much
move closely related to thelr immediate
environment than that of Fish and crayfish
to the environment In which they are caught.

Figure 3 iilustrates the relationship between
mercury concentrations of organisms with that
of the sediments with which they were asso-
ciated. HNo trend is ebvious and this is borne
out by non-significant correlation coefficients
of 0.022 between faunz and 0.723 with flora
and sediment mercury, respectively. Philips
(1977) cites the inability of investigators

to correlate metal concentrations in water or
biota with those in sediments. With respect
to health risks, the bicavailabiiity of metals,
in this case mercury, is the primary concern.
It is genevally accepted that most of the mer-
cury present in organisms is in the form of
methyl mercury and that it is mostly accumu-
lated in this form {Bishop and Neary, 1974:
Huckabee et al., 1975: de Freitas et al.,
1974). Inorganic sediment mercury may be
ingested divectly if it is adsorbed to food
items. It may, however, be converted by bac-
teria to methyl mercury {Jensen and Jermelov,
1969) which may then become available via the
water to organisms. Philips and Buhler (1578)
found that rainbow trout accumulated methyl
mercury from both food and water. Johnels

at al. (1987} found the pike accumulated mer-
cury accerding to length, weight and age.
Variations within other species according to

a variefy of parameters probably occur.
Philips [1977) emphasizes the concentration
of a metal in the sediment provide no data on
the ampunt of the meial available to biota.
fogers et al. [19871) state that a number of
factors influence the vraite of mercury desorp-
tion including temperature, the specific
minerals making up the sediments and the
charges on the particles. Ramamoorthy and
Rust (1978} stress the importance of the
presence of strong Teaching agents in order

to mobilize heavy metals o any extent.
Brateler et al. {1981) found that sediments
with a high organic content allowed almost no
bipaccumulation for vresident biota. Thus a
great number of variables associated with both
the sediments and the organisms play roles in
the final deterwination of mercury concentra-
tion in a specific organism.

There is no evidence of biomagnification of
mercury in the food chain in the Qu'Appelle
River system nor is thers an increase in mer-
cury concentration at higher trophic levels.
The variations in esach of the trophic levels
tends to be fairiy similar. In fact primary
consumers have the nighest mercury levels.
suggests that dirvect accumulation from the
environment rather than through the food chain
1s probably the most important pathway for mer-
cury bicaccumuiation. Huckabee et al. (1975)
showed that Daphnis pulex accumulated only 15%

This



of its mercury load from its food while Phitips
and Bunler {1978} found that rainbow trout ac-
cumulated methyl mercury from both food and
water.

Potter ot al. (1875) claimed that bicamplifica-
tion of mercury in the food chain occurred in
take Powell. There is little evidence for this
other than that consumers contained higher con-
centrations of mercury than producers. They do
not include any information on invertebrates
other than crayfish which are not primary con-
sumers. Their finding that increaased mercury
concentrations weve associated with greater body
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weight was not borne out between different species

in our study. Experimental work wmust be carried
out in order to assess mercury bioaccumulation
in the food chain as natural systems are too
complex to draw any precise conclusions.
bisaccumulation involves both the food chain and
the environment.

Experimental results showed that Chironomus

However,

plumosus continued fo increase their mercury con-

centration with time in each of the microosms
{Tahle 2). The anly source of mercury was from
the sediments. This could be obtained directly
through ingestion of organic material where mer-
cury tends to be concentrated (Reimers et al.,
1974) or through gills and other body surfaces.

In each case the concentration by the chironomids

is higher than the original sediment concentra-
tion. The degree of concentration was less from
sediments with higher original mercury centent

(i.e., Moose Jaw River) but this may be attributed

t0 a lower degree of tunnelling and, perhaps,
feeding.

With respect to survival, the original habitat
sediments (Buffale Pound Lake) ensured the high-
est survival rate {Figs. & and 5). These sedi-
ments also had the lowest initial mercury con-
ceptration. In spite of this,mercury concentra-
tion was highest in chironemids which survived
120 days in the sediments from Buffalo Pound
take (8.8 ng/g) while mercury concentrations in
the otner cultures were much lower {Table 2).
This may indicate that mercury per Se was not
responsible for the chirenomic mortaiity but
rather a cowbination of other factors inherent
in the sediments. It may also indicate that
other substances in the sediments may be anta-
gonistic to Hg toxicity. Although selenium has
been suggested it was as high or nigher in the
other sediments.

This study has done 1ittle to clarify the roie
of the food chain in the bicaccumulation of mer-
cury at the various trophic Jevels. A follow-
up study is being conducted to ascertain this
role particularly regarding the final accumula-
tion of mercury by fish. It must also be es-
tablished as to which mercury fractions are
heing accumulated at each step of the food chain
although it appears likely that methyl mercury
is the major component.

CONCLUSTONS

1. No overall downstream trends in sediment
total mercury are apparent.

2. There is considerable variability from
season to season and year to year in sedi-
ment mercury at similar sites.

3. A11 species examined accumylated mercury
but concentration rates differed within and
between species.

4. Theve was no relationship between sediment

and organismal total mercury-

. Biomagnification of mercury in the food

chain was not apparent.
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Tebie 1. Range of concentrations of Hg, (ug/g dry weight) in faunal and floral species and
sediments of the upper Qu'Appelle River system.
Hg Hg
invertebrates Flors
Gammarus lacustris «(y, 10-0. 2020.04 Cladophora crispata <}, 05+0.56520
Hyalella azteca <(. 251, 40 Entercomprpha intestinal’s 0.44x0.05
<0, 25-0.93+0.05 Ulothrix sp. 0.48+0.03

Orcopectes - flesh
~ shell

Sphaerium

Anodonta —~ flesh

- shell

Gastropoda - flesh
-~ shell

Hirudinea

Oligochacta

Corixidae

Chironomus anthracinus

Chironomus plumosus

Notonectldae

Trichoptera

Fiah
Lulaes Inconstans

Esox jucius - flesh
— hones

Etheostoma exile

Lota lota -~ flesh
~ bones

Motropis atherinoides

- flesh

-~ bones

Notropis hudsonius

~flesh
~hones

Perca flavescens

- flesh
- bones

Pupgitius pumgitius

<0.10+0.4820.03
<0.05

0.3020,01
0.73:0.02
0.32-2.0+0.2
0.735+0.05-0.63
0.3420.05-1.1
.32

0.39

0.05:0+0. 2520
0.11£0.01

<{.10
<(.25

<0, 05+0.26+0.02
0.2+3.02

<{(3.05+0. 31440

0,300

Myriophyllum exalbescens

Potamogeton crispus

Pptamogeton pectinatus

P, richardsonii

Scirpus validus

Sediments

Buffalo Pound Lake Oct. 80 May 81  Sept. 51
Station 1 3.08% 0.39 -
Station 2 0.12 0.57 -
Station 3 - B 1.70

Moose Jaw River 1.1-1. G.51 -

Ou'Appelle River - 0.43 -

Wascana Creek
Station 1 - 2.020.1 -
Station 2 - S.4x001 -

Pasqua Lake )

Station 1 - 2.6:0.1 -
Station ¢ - 2.2x0.1 -

Pasgua-Echo Channel - 1.2%0 -

Katepwa Lake
Sandy Beach - 0.,27 -
Hatepwa Point - 1.026.2 4.6+0.2

0.03£6.01~0. 3520.05
0.4630

<.05

0.31026.03
0.32+0,02+0.5320.04
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Tahle 2. Stations as source of experimental sediments and mercury concen-—
trations (ug Hg/g dry weight) in sediments and Chircnomus plumosus
) ’ when the experiment was terminated.

Station Sediments Chironomus plumosus Terminal
Buffalo Pound Lake 1 0.089 8.8
Buffalo Pound Lake 2 0.12 1.6
Moose Jaw River 27 1.1 APL 1 1.5

BPL 2 2.4
Moose Jaw River 32 1.5 BPL 1 1.6
RPL 2 2.0

List of Figures

Figure 1. Map of the study area. The numbers represent micrograms total
mercury per kilogram sediments.

Figure 2. Concentrations of total mercury {ug/g dry weight) in the
Qu'Appelle River system.

Figure 3. The relationships of organismal and sediment total mercury in
the Qu'Appelle River system. Fig., A ~ fauna:

b - - . .
AS - Anodonta (flesh, shell), Co-Corixidae, Ca~Chironomus anthracinus

Cp=- €. plumosus, Gl-Gammarus, Ha-Hyalelia

G

L]

Pc-Potamogeton crispus, Fp — T. pectinatus, Pr - P. richardsonii
§ - Sclrpus
Figure 4. The survival time of chironomids from Buffalo Pound Lake Staticn
1 in sediments from that station and in sediments from Stations
27 and 32 in the Moose Jaw River. 1 represents the range of
organism numbeyrs still alive on the specific date.
Figure 5. The survival time of chironomids from Buffalo Pound Lake Station
2 in sediments from that station and in sediments from Stations
27 and 32 in the Moose Jaw River; I represents the range of

organism numbers still alive on the specific date.
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PHYSICAL AND BICLOGICAL DYNAMICS OF CRUDE OTiL AND ITS COMPONENTS
o1 2 . 2 2 2
R.J. Higgins , W.L. Lockhart™, B.N. Billeck™, R. Danall and D.A.J. Murray

ICanada Department of Fisheries and Oceans, Freshwater Institute
’ Winnipey, Manitcba

2Department of Zoology, University of Manitoba, Winnipeg, Manitoba

HIGGINS, R.J., W.L. LOCKHART, B.N. BILLECK, R. DANELL and D.A.J. MURRAY. 1882. Physical and
biological dynamics of crude oil and its components. Can. Tech. Rep. Fish. Agquat. Sci. 1163.

The water soluble fraction {WSF) of Dome Nektoralik crude oil was studied. Volatilization
Josses of the WSF components mixed with varying concentrations of Corexit 9527 {Esso} were
analyzed by gas chromatography. Uptake and clearance of the WSF was determined in rainbow trout
(Satmo gairdneri]) and toxicity assayed in cisco {Coreganus artedii} and duckweed {Lempa minor).
The WSF components volatilized guickly from water and Corexit had no effect on volatilization.
Rainbow trout accumulated the lighter aromatic compenents of the WSF. The 86 hr. LC-50 for cisco
was 1.5 to 2 pom. Duckweed growth was unaffected by the 011 unless an oil slick was present.

Key Words: Crude oil, water soluble fraction, Corexit 3527, uptake, clearance, rainbow trout,
cisco, duckweed, growth, Coregonus artedii, Salmo gairdneri, Lemna minor.

HIGGINS, R.J., W.L. LOCKHART, B.N. BILLECK, R. DANELL and D.A.J. MURRAY. 198Z2. la dynamigue
shysique et biologigue du pétrole brut et de ses composantes.

On a étudié la fraction hydroscluble {F H §) du pétrole brut du Dome Nektoralik. Les pertes
par volatilisation des composantes de la F H S mélangées & diverses concentrations de Corexit 9527
(Esso) ont &té analysées par chromatographie en phase gazeuse. On a déterminé 1*absorption et
T'élimination de la F H S chez la truite arc-en-ciel {Salmo gairdneri) et la toxicité chez le cisco
{(Coreganus artedii) et la lentille d'eau (Lemna minor). Les composantes de la FHS se
voTatiiisatent rapidement de 1'eau et le Corexit n'avait pas d'effet sur ce processus. Les
composantes aromatiques les plus légéres de la F H 5 se concentraient chez la truite arc-en-ciel.
La CL 0 de 96 h chez le cisco se situait entre 1,5 et 2 ppm. Le pétrole brut n'avait pas d'effets
zur}1g croissance de la Jentille d7eau a moins qu'il se forme dne nappe de pétrole a la surface
e aau.




IHTRODUCTION

The exposure of aguatic ecosystems to crude
oilss refined petrcleum products and refinery
effluents hes led to a weaith of data pertaining
te the foxicoiogy of oil components to various
organisms. Less work has Dbeen pevformed
utitizing the compiele water soluble
Fraction{W5F] to which pelagic and benthi

organisms are exposed in the enviromment. 1t is
the objective of this paper to investigate some

effects of the water soluble fraction of a
Beaufort Seaz oil on boih animals and 2 plant in
laboratory tests and to study the chemical and
biological effects of the interaction of an o1l
dispersant with the WSF

METHODS AND MATERIALS
PREPARATION OF THE WSF

The Beaufort Sea crude oi? was cobtained in
a tinted four litre glass container lacking any
headspace. This  sample was kept at room
temperature prior to use. The water soluble
frachéaanSFﬁ of Beaufort Sea oil was prepared
by vigorpusly shaking the crude oil with waLer
dechiorinated by ultra-violet light in a 1 Titre
separatory  furnel for 10 minutes and then
atlowing the mixture fo stand for at  least 48
hours before drawing off the aqueous phase.
Varying amounts of ol 1{1-50m1) were mixed with
one litre of water to determine the minimum
amount of 211 reayired to saturate the aguesus
phasea.

ANBLYSIS OF THE WSF

Gas  chromatographic determination of the
hydrocarbon composition of the WSF was performed
ing a microextraction technique (Murray and
Lockhart ,1981) on  either a Hewlett-Packard gas
chromatographiGC) using an SP 2100 fused silica
WCOT column and a Flame-ionization detector or a
Perkin-Elmer 900 60 with similar column and
detector. Gas chromatographic headspace
analysis was also performed by eguilibrating
equal volumes of exiract and nitrogen for two
minutes in a gas tight syringe. The headspace
was then injected onto a 5% Daxsil column.

DISPERSANT AND THE WSF

The effect of the oil dispersant Corexit
3627 (Esso} on  the WSF was determined by adding
varying amounts of  the  dispersant  during
preparation of the WSF. Analysis of the WSF and
dispersant mixture by the microextraction and
headspace technique were performed over three
days.

UPTAKE BY RATMBOW TROUT

Rainbow trout{ Salmeo gairaneri Richardson}
were exposed to a Fifty percent saturated WSF in
? 1itre glass tamks open to the air at 10
degrees Celsius. Trout were sacrificed at
intervals over two days and tissue extracts wers

anglysis as described by Murray

prepared  Tor i
and Lockhart 1

FISd TORICITY

& 9&-hour  izthal toxigity
nerformed  on 0.27 gram cisco{ Coreqpn
Lesuer) fry. A wmultiple chasnel
pump was uged to o gen
pipassay in 2 -Titre o

tubing tanks and cove
WSF concentrations
daily by  heads g
nydrocarbons, Both
procegure and 3 Prab=
calculate the %6-hour

PHYTOTOXICITY

The WSF toxicity to duckweed{ Lemna minor )
was tested by mixing varying dilubions ‘of the
WSF  and Corexit 9577 with the Stewart’s growth
medium {iuc&ﬂdf, and Blouw, 1973, Duckweed
frond counts were made at varying intervals g
a2 peripd of 728 days. In another experiment the
nlants were exposed to a surface stick of the
crude o1l as well as the WEF.

RESULTS AND DISCUSSION

R

331 researchers have long heen aware
necessity of studyving the water solubl

of crude oils in order to assess theis
to aguatic organisms. Unfortunatly no :
method of opreparing the HWSF  has d@ve oped.
Variations in Df&pa?ausa" range  from an

oil-water ratic of 1.8 1 a mixing tise of
twelve hours and a separstion time
hours{Boylan and  Tripp.19713tc 3

il:water ratio with a2 ten-wminute wmixiy i
and the use of itrifugation for
seperatécn{Kagpeéer and Wuhrmann 1978). The

effectiveness of the fen-minute mixing time used
in this study is evidenced by total hydrocarbon
analysis{Fig.l)which shows & saturated ageocus
phase. Unpublished work &t our lab  has
indicated that after allowing 72 hours for
seperation all particulate hydrocarbons have
seperated out of fhe aqueous phase. The minimum
seperation time used in our study was 48 hours.
Thus smati guantities ! pafaicuiaﬁe
hydrocarbons may have been precen+ in  some
assays but not  at  levels which would have 2
significant affect.

As the Beaufort Sea oi] was Timifed fin
volume it was necessary to delerming fhe minimum
amount reguired o generate @ saturated water
solubie *rac*isn Headspace anaiysis of fhe WEF

prepared after using between 1 to 50 ml of oid
in ong litre

of water indicated fhat volumss
greagter than 10 ml of oif fa1§ed to  contribule
significantly to the total hydrocarbom in the
water{Fig.1). A1l water soluble fractions used

gt



in this report were therfore prepared using 10
ml of crude oil in one litre of water.
300,000+
o
o
% 200,000
3 0o
L]
10,000

30
mis/litre

Fig.l1 Integrator counts of oil components in the

water phase after mixing varying quantities of
0il with water and allowing the layers to
separate.

As it was impossible to  assess any
alterations of the crude o0il that may have

occurred during shipping, a gas chromatograph was

prepared prier to use of the oil{Fig.2a}. In
this way we cuantified the nature of the o7l
recaived.

Gas chromatographic  analysis of  the
Beaufort crude 0i1{Fig.2a) revealed the
hydrocarbon profile of a mixed-base ¢il typical

of Alaskian crudes{Payne 198%). The  WSF
prepared from this crude{(Fig.2b} is rich in the
more soluble low molecular weight alkanes and
aromatics but almost totally lacking the heavier
insolubie hydrocarbons bayond the
dimethyinapthalenes. This correlates well with
GC analysis of other WSF's prepared from similar
crudes (Zurcher and Thuer,1978:Payne 1981).

e WETETL NS TIALENE

A

Fig. of Beaufort Sea

2{a} Gas
crude oil {1 200 dilution}

chromatograph
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O RTLENE
i

NBFHTHAL ENE
1. METHYL  HAPHTHALENE

Fig 2(b) Gas chromatograph of the water soluble
fraction of Beaufort Sea crude oil{prepared by
microextraction).

The addition of Corexit 9527 at
concentrations ranging from G.1 to 10 ppm had
Tittle effect on losses of either volatile or
non-volatile hydrocarbons{Table 1). This
contrasts with the findings of Shaw and
Reidy(1979) who reported a three-to seven-fold
increase in emulsified hydrocarbons after the
addition of Corexit 9527. We believe that our
findings are the result of both the Tow
concentrations of  dispersant used and the
decreased effectiveness of Corexit 9527 in
freshwater as reported by Esso Chemicals{in

Lonning and Hagstrom,1976). It should be noted
however that Scott et al.(1979) were successful
in using Corexit 9527 in freshwater to 1increase

the amount of ¢il 1in water when using a 1:6
ratic of dispersant to oil (™70 parts per
thousand).  Unfortunatly Shaw and Reidy(1579)
neglected to report the amount of dispersant
used in  their salt water tests, making
comparisons impossible.
;é % FisM 4 2 Days
TSRS S R D S
: FisH 2 1 DAY
[ =i L N
o e vom e
) FISH ¢ 5 Hrs
i Lér' l . )“J_,f I ST I SR O S | O R
Fig. 3 Hydrocarbons fourd in fish exposed to

water soluble fraction of Beaufort Sea crude

oil.



Bnalysis of tissus extracts from rainbow
trout exposed Lo the WS for periods ranging
from five hours to two days indicated an uplake
of the light aromaiics ranging from  the
xylienss,toiuenes.and ethiybenzenes o the
dimethlynapthalenesi{Fig.3}. This is similar <o
the experience of Kuhnhold et al, 1978. Greater
concentrations of the alkliyated smaller
aromatics were recovered after five hours than
after two days. This may be due to selective
depuration of these toxic hydrocarbons with
time.

The L£-50 for cisco fry exposed to the WSF
ranging in concentration from 1.5 to 6.4 ppn
total hydrocarbons{Fig.4) was calculated by both
the Litchfield-Wilcoxan procedure and Probit
analysis. The  96-hour LC-50  wusing  the
Litchfield modification of the Probit analysis
was 1.54 ppm{Fig.5}. Thas 96-hour LC-50 based on
a standard Probit analysis was 1.99 ppm with
Fiducial limits of 1.48-2.55 ppm. These results
compare favourably with literature regarding
other oils(Craddock, 1977;Rice et al.,197%; Moles
et al.,1579).

OOE“«‘
05~
Q-
o2 /

/
05 feapom |TOTAL HYDRCCAREON)
!

; 238ppm
7] x

L 5d aom

PERCENT SURVIVAL

¥ T Ty T T T T T T T
4 85§ 7890 20 F0 40 5080 80 100

TIME {HRS}

=z

i 2

Fig. 4 Mean survival times of cisco fry exposed
to measured concentrations of the water soluble
fractien of Beaufort Sea crude oil.

Headspace analysis for total hydrocarbons
revealed considerabie variation in  the
concentration of the WSF during the c¢isco fry
figw-through bioassay {Fig.6). This illustrates
the difficulties encountered when running a
flow-through system with such a complex mixture
of hydrocarbons. Great care must be taken t0
minimize contact of the solution with adsorbtive
syrfaces and any headspace which will allow loss
of volatiles. Such Tosses would alter the
hydocarbon profile and thus affect our
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knowledge of  the  hydrocarbons present  in
exposures.
98 HR LG 50 1S 154 ppm
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Fig. 5 Derivation of 96~hour LC-5C for cisce fry
exposed to water soluble fraction of Beaufort
Sea crude 5i1(MST=Mean Survival Time)
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Fig. & Measured quantities of hydrocarbens in

bicassay water during exposure of cisco fry to
varying dilutions of the water soluble fraction
of Beaufort Sea crude oil.

Fxposure of duckweed to mixtures of the
Nektoralik WSF and Corexit dispersant failted to
indicate significant toxicity over the 30-day
experiment (Fig. 7} wunless an actual slick was
present. Although very little work has been
done on aquatic flora(especially macrophytes)
that work completed has shown 2 great diversity

in species  response(Snow.1979}. Dur  work
indicates duckweed to be an oil tolerant
species. The growth  inhibition that was
ohserved when an oil stick was present i3
thought to represent a physical rather than
chemical response as the same results were

obtained using "Crisco” cooking oil.
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Fig

Volitile hydrocarbons remaining in
water{ppb)

Table 1

{(determined by headspace analysis for volatiles)

TIME AFTER

ADDING 0 PPM 0.1 PPM 1.0 PPM 10 PPM
COREXIT COREXIT COREXIT  COREXIT  COREXIT
0 Hr 1129 1195 1343 1128
2 Hr 955 1042 952 863
4 Hr 807 839 785 758
24 Hr 235 195 216G 217
48 Hr 3 35 4z 52
12 Hr 15 21 29 14
{determined by microextraction for nonvolatiles)
0 Hr 1480 1085 1085 905
27 Hr 127 95 74 65
50 Hr a8 22 2 30

WSF Corexit

2 4 & B 1012 1416 18 2022 24 76 28 30
t (days}

WSF Corexit

Sat 9] S

Sgt Ippm —=- e
Sat ICpem - /‘/"-' Ry

Sat 100ppm —— Ry

2 46 8 D12 1416 B 2052 24 86 28 30
t {days}

7 Growth curvas for duckweed clones exposed to mixtures of the water soiuble fraction{WsF)of
Beaufort Sea crude oil and Corexit 9527 dispersant.
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INFLUENCE OF pH UPON ACUTE LETHALITY OF OLEIC AND LINCLEIC ACID
TO RAINBOW TROUT

Steve E. Hrudeyg and Siri Toekwinasz

ESept. of Civil Engineering, University of Alberta, Edmonton

2Satan Fisheries Station, LA~NGY, Satun, THAILAND

HRUDEY, Steve E. and Siri TOOKWINAS. 1982. Influence of pH upon acute lethality of oleic and
linoleic acid to rainbow trout. Can. Tech. Rep. Fish Aquat. Sci. 1163.

Possible implications of sample pH upon regulatory bioassay monitoring of food processing
industries were assessed by studying the acute lethality of two long chain unsaturated fatty
acids: oleic and lingelic acid. While the sensitivity of contaminants such as cyanide and
ammonia to pH influence on their toxicity is well known, such effects are not well documented
for fatty acids. Fach of the compounds was tested in replicate with Rainbow trout (Salmo
gairdneri) at each of three nominal pH values (8.5, 7.0 and 6.5). Corresponding geometric mean
LCECG vaiue (5 replicates) decreased from 77 mg/L to 27 mg/L for oleic acid over tnis range.
Geometric mean LCBO values (3 replicated) decreased from 9.5 to 5.2 my/L for Tinoleic acid over
the same pH range.

Key Words: pH, oleic acid, lincleic acid, rainbow trout, bioassay.

HRUDEY, Steve E. and Siri TOOKWINAS. 1982, Influence du pH sur le niveau de toxicité des acides
oEe1que et 1inoléigue sur la truite arc-en-ciel. Can. Tech. Rep. Fish Aquat. Sci. T163.

Les appiications pessibles du pH dans Tes examens biologiques ob%xgato1res dans les
industries a§1menta1res ont été évaludes en étudiant la grande toxicité de deux acides gras
non-saturés i longue chafne, 1'acide o]eique et 1'acide Eineielque Alors que la <ens1b1§zte
de contaminants comme le cyanure et 1'ammoniaque aux variations du pH en ce qui a trait @ leur
toxicité est bien connue, de tels effets sur les acides gras ne le sont pas. Chacun de ces composés
a fait 1'objet de plusieurs essais avec la truite arc-en-ci el (Saimo gairdneri) aux pH suivants:
8.5, 7. 6.5. Les valeurs geometr:ques moyennes correspondantes du 0Lb0 (5 essais) ont diminué
de 77 mg/L a 27 mg/L dans le cas de 1'acide oléique; dans le cas de 1'acide linoléique (3 essais),
ces valeurs ont diminue de 9.5 & 5.2 mg/L.




Industrial wastewater testing requirements
for acute Teihal toxicity have heen widely
adopted in guideiines associated with
the Fisheries Act. Specified procedures cail
for testing of undiluted wastewater at the pH
received. Wnile the philosophy and purpose
of such  testipg is open to  debate,
interpretation of results should be based
upon some understanding of water chemisiry
interactions of reievant watar
contaminants. One fTactor of concern is the
effect of sample pH {and dilution water pH
where appiicable} upon observed toxicity.
Although the pH sensitivity of some
contaminants {i.e.,metals, cyanide, hydrogen
sulphide and ammonia) is widely accepted,
relatively few organic contaminants have been
evaluated in this regard,

The long chain fatty acids represent a class
of compounds commonly found in food
processing and kraft pulping effiuents, We
selected two unsaturated fatty acids, oleic
and linoleic acid, because:

1. they are usually significant comporents
of wastewater lipids {Hrudey, 198la};

2, they are two of the most water solubie
long chain fatty acids; and

3, they have received relatively little
attention as potential toxicants in
industrial wastewaters,

Leach and  Thakors {1973} reported an
sstimated lethal concentration to Jjuvenile
cohe salmon {Onchorhynchus kisutch} of 8 to
9 mg/L for sodium 1inoleate and 12 to 13 mg/L
for sedium oleate. These biocassays employed
dechlorinated tapwater at pH 6.4 for dilution
water, Curtis et al. (1977} reported %6 bhr
L6500  wvalues using  brine shrimp larvae
{Artemia salina) of 0.033 mg/L for lineoleic
acid and »0.G87 mg/L of c¢leic acid.

MATERTALS AND METHODS

FISH HOLDING AND FEEDING CONDITIONS

Fish used in this study were rainbow trout
(Salmo gairdnerii Richardson) fingerlings of
either sex with weights and lengths as
indicated in Table 1, The longest fish in
each test was not more than 1.5 times the
tength of the shortest, as required by
Standard Methods (APHA, 1975).

The fish were transferred from the Toxicology
Laboratory, Environmental Protection Service,
Edmonton to an acclimation room and were held

at 9°C in a 1 000 L fiberglass nolding tank
at the Zoonlogy Depariment, University of
Alberta. They rezceived a continucus flow of
dechlorinated tap water {LDTA hardness =
118 mg/L as £alCls, conductivity =
275 pmho/cm, oH = 6.70, total alkatinitly =
36 ma/l. as Cal0jz, total residue = 180.8 mg/L
and turbidity = 0.5 J.T.U.}. Holding tanks
were 11luminated with fluorescent lights.
These were electrically timed and switched to
kesp a photoperiod cycle with appropriate
twilight periods similar to  the ocal
conditions.

The fish were fed once daily at the rate of

about 3% of body weight, Fish were
maintained 1in very geood health and no
significant wmortality occurred, The fish

were allowed to acclimate to these holding
conditions for at lsast 2 weeks prior to
experimentation. Fesding was stopped 48
hours hefare starting the experiment and the
fish were transferred to the experimental
rooms. Water temperature in the bioassay
tanks was malntained constant at 12:1°C by
room temperature control.

EXPERIMENTAL CONDITIONS

TEST TANKS

The test tanks wers circular polyethylens
tanks, 49 cm in  diameter and 100 L in
volume, HMineteen test tanks were placed in a
temperature controlled room. Clean pliastic
bags containing 40 L of water sample were
placed in the test tanks at the start of each
axperiment.

STOCK SOLUTIONS PREPARATION

Fatty acids themselves are only sparingly
soluble in water. Therefore, a fresh stock
solution eof fatty acids {oleic and Tinoleic
acidsy was prepared by reacting the fatty
acids with sodium hydroxide to produce sodium
saits.

WATER PREPARATION

Normally, the hardness of dechiorinated
Edmonton tap water would precipitate some of
the fatty acids, resulting in a decrease in
concentration and toxicity of the original
fatty acids. Therefore, the dechlorinated
tap water was diluted with an equal volume of
distiiled water to obtain the reguired
dilution water for this study. The EDTA
hardness as fal0; was reduced from 116 mg/L
to 60 mg/L,



EXPERIMENTAL PROCEDURES

ACUTE LETHALITY STURIES

Rainbow trout fingerlings were tested with
each fatty acid at 3 nominal levels of pH
(6.5, 7.0 and 8.5%}. Five fatty acid
concentrations were tested at each pH., Three
control pH tanks, held at each of the nominal

pH Tlevels, were run at the same time. In
total, 19 tanks were tested in each
experiment. Rainbow trout fingeriings of

either sex were equally distributed in a
random manner into the 19 test tanks (10 fish

per tank}, Experiments with each fatty acid
at each pH level were replicated (five
replicated tests for oleic acid and two

replicated tests for 1linoleic acid), AN
data from each fatty acid at each pH were
pooled for statistical analysis. All tests
were run for a 96-hour period.

Fish 1in each test tank were checked for
mortality at 0.5, 1, 2, 4, 8, 24, 48, 72 and
96 hours. Dead fish were removed from the
test tanks and time of death, weight and
length of each fish were recorded. At the
end of the 96-hour period, all fish that
survived in each test tank were sacrificed
and weight and length were recorded.

TEST WATER CHEMICAL CHARACTERISTICS

Water chemistry characteristics of test water
in each test tank were checked for dissolved
oxygen, pH and temperature at 12~ hour
intervals and EDTA  hardness, alkalinity,
ammonia-nitrogen and ether exiractable matter
(EEM) were checked at 24-hour intervals.

The procedures for water chemistry analysis
were as foilows:

1. Dissclved oxygen and temperature were
measyred with a dissolved oxygen meter
[YS] Model 54A3,

2, pM was measured with a pH meter (Hach

portable Model 164000},

3. EBTA hardness was measured with Standard

Method 3098, EDTA  titrimetric method
(APHA, 1875}, using EDTA analytical
reagent grade and ericchrome biack T
commerical indicator {Univer, Hach
Chemical Co.).

4, Alkalipity was measured with Standard
Methed 403 { APHA, 1475}, using
phenolophthalein and mixed bromocresol
green-methyl red indicaters and 0.02N
HzSOg titrant.

5. Ammonia-nitrogen was measured with a
Spectronic 20 (8ausch  and Lomb),
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nesslerization method
using zinc sulfate
solution, stabilizer reagent (rochelle
salt solution), nessier reagent (Hgl, +
KI in KOHY} and standard ammonia solution.

according to the
4188 (APHA, 1978}

fatty acids were identified by
{Hewlett ~-Packard,

6. Specific
gas chromatography
5736A), using the external standard
techniqus with a  flame ionization
detector (FID} and esterification as per
the method of Metcaife et al, (1968).
The gas chromatography conditions were as
fallows:

- Column: Glass, 0.6 cm ID., 2 m long
- Lolumn Packing: 5% SP 2330, 100/120
Chromosorh W AW
- Temperature; Oven 185%°C
Injection Inlet 250°C
Detector 300°C
Carrier (N;} 30 mL/min.
H2 30 Dsfg.
Air 27 psig.

- Sample Size: 2ul

- Attenuation: 2% = 16

- Chart Speed: 0.5 cm/min.

- Gas Flow Rate:

(EEM)  was
lTiquid-liquid

extractable matter
continuous

7. Ether
determined by
extraction using petroleum ether as
described by Hrudey (1981b). Due to the
limited availability of extraction units,

only four water samples and a control
sample were collected for analysis each
day. Of the four water samples, three
were of the wmiddle fatty acid con-
centrations gt each pH level. These were
collected each day. The fourth sampie
was eollected from alternate
concentrations on a pre-arranged
schedule.

The gas chromatographic analysis was used to
determine the purity of the test fatity acids
{oleic = B87%, linoleic = 95%} and to monitor

individual acid behaviour during tests.
However, the basic quantitation of Ffatty
acids was done by  determining ether
extractable matter (EEM) and wusing these
figures as the effective fatty acid

cancentrations. The EEM data were used to
generate a profile of fatty acid
concentration stability over the duration of
the bisassay{ie., time to complete mortality
or 96 hrs, whichever came first}.

CALCULATION OF MEDIAN LETHAL CONCENTRATION

The median lethal concentration LC50 and its

95 percent confidance interval were
calculated at S6-hour periods for each
experiment by using the trimmed

Spearman-Karber method (Hamilion et al.,
1977} at 10% trim. The concentration used
for each fatty acid was based upon the EEM
value, interpolated between the start and the



completion of the bioassay. This calcuiation
was based on the stability profile mentioned
above, since losses of fatty acids during 96
hours often exceeded 50%.

LC50 value for each phH

Comparison of the

level was done by two-way analysis of
variance (p < 0.08) {Bennett and Frankiin,
1954).

LESC values abtained for individual tests on
each acid were compared by an unpaired
student t-test (p € 0.08) for each of the

test pH series.

LC50 values from every replicated test of
each acid were posled for each of the test pH
values and the geometric mean was determined,

pH CONTROL METHOD FOR DILUTIGN WATER

At pH 6.5 50 mg/L of HNaHCO; was added as a
suffer and the pH was adjusted with IN HCI at
12-hour intervals.

At pH 7.0: 100 mg/L of HaHCOy was added and
the pH was adjusted with IN NalW at 12-hour
intervals.

At pH 8,5: 100 mg/L of MNa,C0; was added and
the pH was adjusted with 1N HC1 and NaOH at
12~hour intervals.

Every test tank was aerated using an air
compressor with an airstone in the center of
the tank, Dissolved oxygen was checked every
12 hours and the air flow was adjusted Yor
maintaining the dissolved oxygen in the tank
above 9 mg/L.

RESULTS
OLEIC ACID
The ralevant data for the 5 vreplicale
hicassays performed on oleic acid  (87%
purity) are documented in Table 2.  These

data are summarized using the geometric mean
LC50 values and corresponding 95% confidence
1imits and are plotted versus nominal test pH
value in Figure 1. The geometric mean LC50
values decrease almost three-fold from
77 mg/l. at pK 8.7 to 47 mg/L at pH 7.1 and
27 mg/L at pH 6.5.

The 96-hour LCS0 values between the three
nominal test pH  levels are significantly
different (P < 0.05, 2-way ANOVA). However,
the differences between the replicate LC50
values at each test pH level are not
significantly different {P < 0.05, 2-way
ANOYAY,
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LINCQLEIC ACID

data for the 2
performed on  Tinoleic
acid (95% purity} are documented in Table
3. The geometric mean L1080 vajues are
plotted vs nominal test pH values in Figure
2, These values decrease about two-fold from
9,5 mg/L at pH 8.8 through 7.1 mg/L at pH 7.1
te 5.2 at pH 6.5. The 96-nour LLBO values
hetween the three nominal test pH levels are
significantly different (P < 0,05, Z-way
ANDVA)., However, the differences between the
replicate LLBEO values at each test pH level

The relevant  bigassay

repticate biocassays

are not significantly different {P < 0.05,
2.way ANOVA).
The 96-hour LCB0 value obtained &t  each
nominal oM value are significantly different
hetwean the two acids (P < (.05, 2Z-way
ANOVAY,

DISCUSSION

The pH range of 6.5 to 8.8 is well within the
reported range of pH tolerance of 4 to 10
(Mcleay et al., 197%). Hence, the finding
of two- To Three-fold changes in replicated
1050 wvalues for a given pollutant s

important.

Given the noted toxicity of many surfactant
species, fatty acids might have been expected
to show greater toxicity at  higher pH.
Certainly their surfactant properties are
more pronounced in the anionic form than with
the undissociated acid. Likewise, the
solubility of these relatively low soiubility
compounds is  much higher for the anionic
form. The fact that the observed trend is in
the opposite direction suggests that the
syrfactant character of fatty acids s not
their sole, or even primary, toxic property.

Hunn and Allen [1974) found that passage of a
toxicant across the giil  membrane was
predictable from the dissociation constant,

pka and lipid solubiiity of the chemical,
For examplie, a weak acid was Jeast toxic to
fish at pH 9.5, a level where it would be

completaly dissociated. Similar results were
reported by Marking {1975}, He discussed the
significance of the <translocation of the
un-ionized form of antimycin, a weak acid,
across the giil tissue of fish. He found
+hat tha toxicity of antimycin was related Lo
the concentration of un-ionizad molecules and
toxicity of antimycin descreased graduaily
from pH 6.5 to 8.5 with carp, green sunfish
and bluegil! sunfish.

Tatty acids in the dionized form, as they
secur at higher pH, are not expected to pass
through cell membranes as readily as the more



lipid-soluble un-iconized form that exists at
the Tlower pH, Therefore, the toxicity of
these acids, if dependent upon Iransfer
across the gill membrane, would decrease
gradually with increasing pH  of the
test water.

The higher toxicity of fatty acid at the pH
6.5 test condition might also be due to 2
physical accumutation of the un-ionized form
between the ¢gill filaments leading to
problems such as inhibited oxygen transfer.

Conn and Stumpf (1972) estimate the pKa of
most fatty acids to be in the range of 4.75
to 5, Assuming a pKa value of 5.0, for oleic
and Tingleic acids the percentage
dissociation can be calculated as a function
of pH. This is illustrated in Figure 3. The
analysis indicates that only about 3% of the

total acid would bhe undissociated at pH
6.5. This value rises rapidly, however, to
about 9% at a pH of 6. The acids would be
essentially completely dissociated at the

higher test pH values of 7.0 and 8.5,

Given the Jow fraction of undissociated acid
involved, the results are remarkably simiiar
to those reported hy Mcleay et al. {1979a,

19795), They observed that toxicity of kraft
pulp and paper wmill effluents increased

markedly as pH decreased frem 8.5-9.5 to
Tower values, Specifically, the toxic resin
acids, abistic and dehydroabietic acid, were
avaluated in terms of their degree of
dissociation at various pH values. Although
these acids have pKa values of 7.15 and 7.2%
respectively, the pH threshold at which they
exhibited a marked rise in toxicity
carresponded to only about 10% undissociated
acid. Toxicity increased as the percentage
of undissociated acid increased with
decreasing pH. Hence, it appears, at least
for resin acids, that even a small percentage
of undissociated acid can cause & major
increase in chserved toxicity.

Alternately, the observed relationship
between pH and LC50 value may represent
separate stress mechanisms, one derived from
the fatty acid and one derived from the
decreasing  pH. However, this explanation
does not seem likely for pH values of 8.5 and
above.

In any  case, these  results  clearly
demonstrate the need ts consider test pH,
even within an accepted nontoxic range when
evaluating industrial effluents. It is likely
that this principle will apply to a wide
variety of organic pollutants which have not
yet been evaluated Tor their pH dependence.
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Ayerage Helght 1.1%2 0.25-2.72 n.36
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Table 3. g6-Hour LCS0 Values and 95% Confidence Intervals at 10% Trim

for linpleic Acid to Rainbow Trout Fingerlings.

test 1 Test 1
— oH pH
& $.a32 7.5 5.5]
[3.4-59.3) [2.4.9.0} 16,75-7.69) {£.5-6,6)
96-Hour LE5D 10,6 8.z 5.7°7 8.8 5.1 4.8
(6,8.10.3} {4.9-5,8} [4.0-5.7)
Fish Length {ca) 4,57 4 4,78 5.08 5.02 5.13
Standard Daviztion .54 .49 37 0.45 .53
Figh Watght (gm} 100 115 .18 1.42 1.39 1.5
Standard Deviation 5,40 a4z 2.37 1.47 9,38 .51
£DTA Hardness al.%2 e0.47 60,61 5%, 40 59.90 28,71
{mg/L as Calhq)
Standard Error of Mear 1.74 1.33 (.42 9.36 1.17 0.76
Dissolved Oxygen {my/L} 9.53 4.49 8.5% .67 3.54 §.48
Standard Error of Mean 11 0.08 9,13 h.22 .12 0.97
Total Alxaiinity 114,34 5,03 50,540 113,08 4%, 54 37,72
Img/L 4% Calijl
Standard Error of Mean 2,54 .25 .63 .32 4.37 2090

#2 = 95% Confidence Inferval Mt Dalcuizikie.
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Table 2. -H of ; ;
2. 96-Hour LC50 Values and 95% Confidence Intervals at 10% Trim
s : . 4 . .
far Oleic Acid to Rainbow Trout Fingerilings.
1050 Concentration, =g/l as ZEM
Test 1 Test [T Test [:Il
pH oM oH
.78 7.:0 5. 47 874 7.3 5,85 4,63 7.12 & 47
(8,5-0.0} (6.6-7.5) {6.4-5,6) {8.40-9.9) {6,75-7,50) {6.4u6.5} {8,3-%,0) {6.8.7,8) (5.45-6.50)
g6-Hour LC50 60,4 48,6 22.7 73.8 44,7 23.4 4.8 48.6 26.9
{50,7-71.9} [43.6.50.2) {18.5.27.9) (61.5-92.49) {35,5-58.6) (18.4-29,7} (61.9-91,4) {42.1-536.1) {22.9-31.8}
Fish Length (cm} 4.258 4,33 4,30 4,52 4,80 4,50 4.6% 4.38 4,38
Standard Deviatior .41 0.62 3.61 1.55 .79 09.62 9.52 9.54 (.44
Fish Weight (gm} G.74 0.73 0,59 0,89 .17 C.90 .91 .85 9.80
Standard Deviation a2,27 0,43 5.43 7.35 0.6% .44 0.36 0,47 .28
EDTA Hardness 6l.24 60,98 {0. 45 52.53 61.97 61,97 60,97 60,97 62.43
(mg/L as Cal@s)
Standard Error of Mean 1.53 n.gz 0.5% 1.24 (.55 .55 1.56 9,02 1.68
gissolved Oxygen {mg/L} 9.21 8.2% 9,32 9.52 9.52 §.64 9.49 9.51 9.53
Standard Error of Mean 1.06 ;.08 .03 0,11 (.13 0.22 g.:22 0,29 0,32
Total Atkalinity 125,26 85.33 61,08 111,42 99,58 57.23 117.24 99,19 £0,03
fmaft as LaCiq)
Standard Error of Mean 1,32 0.68 G.72 5,73 4,38 1,82 4.08 3.88 1.14
Tesn IV Test Y
- nE g
TR .08 a.h¢ 8,76 TLi £.51
18,19, [6.8-7.6) (5.6.6,8) {2,4.9.0) 16.8-7.5) 15,45-6.55)
96-+ours LOBG 49,11 35.3 a3, 42.6 29.8
{48,951, %) 36,7-40.71 {31,3-136.6) {34.4-52.8) (25,3-35.2}
Fish tength { 3075 J.GE 3. 75 4,99 4,32 .ot
Standard De n.41 3.457 1,52 0,35 n.29 n.26
Ftsh Weignt {gm) 2,49 0,56 3,46 2.5 5.69 .42
Standard Deviation .18 2,22 0,22 0,12 0,17 0.18
ERTA Hardness B0,13 60,34 652,75 60,43 6108 61,03
{mg/L as Calds)
Standard Errar of ¥ean 0,58 3,99 .59 1.05 0,32 .78
gissalved Dxygen {mg/L} §.37 9,21 9,47 9,51 9.56 9.53
Standard Error of Mean .11 .69 0,11 9,06 1.04 G.05
Total Alkglinity 121,74 93,74 54,23 G7.48 58.95
fma/L as £al0q}
Standard Error of HMean 0.5¢ .18 .59 0.58 .04 9,32

*] = at untrimmed calcuelable.
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DYNAMICS OF CERTAIN REDOX REACTIONS OF SELENIUM IN FRESHWATER SEDIMENTS
P.M. Huang, D.W. Oscarson, U.T. Hammer, N.G. Lipinski and W.K. Liaw

Department of Soil Science , Department of Biology, University of Sask.
and
Saskatchewan Fisheries Laboratory, Saskatoon, Sask.

HUANG, P.M., D.W. OSCARSON, U.T. HAMMER, N.G. LIPINSKI, and W.K. LIAN. 1982. Dynamics of
certain redox reactions of selenium in freshwater sediments. Can. Tech. Rep. Fish.

Aquat. Sci. 1163.

The rates of certain redox reactions of Se (0,IV, VI) in two freshwater sediments
(Katepwa and Buffalo Pound lakes) in Saskatchewan were studied. The appearance of Se(IV) in
solution after a 72-hour reaction, whan Se{VI) is the Se species initially added to the
sediments, clearly indicates that the sediments have partially reduced Se(VI) to Se(IV).

The concentrations of Sel(IV) in sclution after 7 weeks are 4-15% of the fotal Se remaining

in soluticn. The rate of reduction of Se(VI) to Se{IV) appears to be related to Ep and
reducing components of the sediments. In the absence of sediments, no detectable 3e(VI) is
reduced to Se{IV) within 7 weeks. The transformation of Se{IV} to Se(VI) in the sediments is
not detectable within 7 weeks. Selenium (0) is autcoxidized te Se(IV) and then partially
absorbed by the sediments. The conversion of Se{0,VI) to Se(IV) in freshwater sediment
systems merits close attention since Se species differ in their solubility and toxicity.

Key Words: Selenium, redox reacticn, sediments, autooxidation.

HUANG, P.M., D.W. OSCARSON, U.T. HAMMER, N.G. LIPINSKI, and W.¥. LIAW. 1982, ODynamicue de
certaines rdactions d'oxyderéduction du sélénium dans les sédiments d'eau douce.
Can. Tech. Rep. Fish, Aquat. Sci. 1163.

On &tudie la rapidité avec laguelle se produisent certaines réactions d'oxydoréduction
du 5e(0,IV,VI) dans les sédiments de deux plans d'eau douce de Saskatchewan {les lacs
Katepwa et Buffalo Pound). L'apparition de Se{IV) dans la solution d'expérimentation aprés un
intervalle de 72 heures, alors que la substance ajoutde aux sédiments était du Se{vI),
démontre clairement la réduction partielle du Se{VI) en Se(IV) par les sédimenis. La
concentration de Se(IV) dans la solution aprds sept semaines est de 4 p. 100 & 15 p. 100 de
ce qui reste du Se en solutich. Le taux de réduction de Se(VI) en Se {IV) semble 116 au £y
des sédiments et A la présence d'autres réducteurs. On ne constate aucune réduction
perceptible du Se{VI) en Se{IV) au cours des sept semaines d'expérimentation, lorsque la
solution ne contient pas de sédiments. De méme, i1 n'y a aucune transformation perceptible
de Se(iV) en Se(VI) dans les sédiments au cours des sept semaines de tests. Le Se(0) s'oxyde
pour former du Se{IV) et est ensuite partieilement absorbé par les sédiments. La conversion
de Se(D,VI) en SelIV) dans les sédiments d'eau douce mérite qu'on s'y attarde, car les
diverses espaces de Se sont de sclubilité et de toxicité differentes.
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INTRODUCTION

Selenium is both essential and toxic io aguatic
1ife and animal and human health (Demaya et al.
1979; Underwood, 1977; Fleming, 1980). It can
enter freshwater environments through weather-
ing (Bertine and Goldger, 1971) and anthropo-
genic activities such as the combustion of fos-
<31 fuels, mining, smeiting, disposal of animal
wastes and application of fungicides (Demayo

et al., 1979). The pathways of Se entering the
freshwater environments and subseguent movement
to food chains are depicted in Fig.1. However,
guantitative estimates for the amount of Se
associated with each path (Fig.1) are almost
non-existent.

The antagonistic and synergistic effects of Se
on the toxicity of heavy metals, for example,

Hg (Underwood, 1977; HWorld Health Organization,
1978) deserve cliose attention in the area of en-
yironmental toxicology. Most studies with mui-
ticellular organisms have indicated that Hg and
Se are less toxic when they are together {Reeder
et al., 1979). Two possible mechanisms for Se
protection against Hg toxicity have been pro-
posad (Ohi et al., 1976): {1} Se may increase
non-toxic binding sites which have a great affi-
nity for heavy metals and hence divert them from
usual targets, and {2} Se facilities conver-
sion of methylmercury to a less toxic form. The
contents of Se significantly vary with biolagical
spacies. The levels of Se are generatly higher
in invertebrates and fish than in flora (authors’
unpublished data).

The concentration of heavy metals in surface
water is generally Tower than the recommended
Timits (Fisheries and Environment Canada, 1877a,
b). The bulk of these pollutanis is immobolized
in sediments. It is from sediments that much of
these toxic pollutants could enter and concen-
trate in food chains (Fisheries and Environment
Canada, 1979a). The bioavailability and toxi-
city of Se is highly dependent on its chemical
forms (NAS, 1976, Fleming, 1980). Therefore,
transformations of Se in freshwater envivonments
have an important bearing on the movement of Se
through the aguatic ecosystem to the subsegquent
food chains. Redox (oxidation-reduction) re-
actions are among important transformations of
Se in the environment. The oxidation states of
0, +4, and +6 for Se are common in the anviron-
ment (Demayo et al., 1979). Selenium in the +6
oxidation state (selenate) is stable in alkaline,
oxidizing conditions. Selenate appears to be an
important form of bicavailable Se. Selenium in
the + oxidation state (selenite) adsorbs quite
strongly on soil particles or precipitates as
ferric selenite which has a very low suitability.
Conseauently, the transformation of selenate to
selenite would Tower the availability of Se to
hiota. Under more reducing conditions, very
ipsoluble elemental Se could form and thus
further decrease the availability of Se which
enters the environment in the selenate or sele-
nite form.

The objective of this study was to investigate
rates of certain redox reactions of Se {0, IV,
VI} in the sediments of the Katepwa and
Buffalo Pound lakes in Saskatchewan.

MATERIALS AND METHODS

Reagants

Reagant grade NaySe0 and NapSeGy were standard-
ized gravimetrically (Evdey, 1965). Gray
elemental Se was standardized by oxidizing

50 mg of Se{0) with 5 ml of 99% Brp {Uchida

et al.,1980) in 500 mi of deionized-distilled
water; the Se concentration was then determined
flyorcmetrically as described below under
"Petermination of Se(Iv) + Se(VI)".

The procedure given by Wilkie and Young (1970}
was followed for the preparation of the 2,
3-diaminonaphthalens {DAN} complexing reagent.

Determination of Se{IV)

A 5 ml aliquot of a solution that contains

Se was placed in a 50-m? glass Erlenmeyer
fiask. Twenty-five ml of deionized-distilled
water and 5 m? of 0.06 M EDTA were added and
the pH was adjusted to 1.8 + 0.2 with 25%
HCY. Two wl of DAN reagent was added, the
flask was covered with Parafilm and the solu-
tion was heated at 600C for 20 min in an
oven. The solution was cooled in the dark
for 45 mwin and then transferred to a 125-ml
separatory funnel. Ten ml of n-hexane was
added and the mixture shaken vigorously

three times; the phases were allowed to sep-
arate for 4 min and then a portion of the
hexane extract was collected in a fluorescence-
measuring tube and the fluorescence determined
by a Turner Model III fluorometer fitted with
a NO. 7-8B0 (389 nm) primary filter and a
NO.58 (525 nm} secondary filter. Selenium
(¥1) is not reduced by the above treatment
and the DAN reagent reacts only with Se(IV)
(Wilkie and Young, 1970). The concentration
of SelI¥) can be determined in a solution
containing both Se{IV) and Se(VI}.

Determination of Se{IV) + Se{VI)

A 5 =1 alicuot of a solution containing Se
was placed in a round-bottom 25-ml boiling
flask. Ten wml of deionized-distilled water
and 1 ml of each of concentrated HCl {35-37%)
and H3r (48%) were added. The flask was
connected to a water-cooled condenser and
heated at 90°C for 45 min in a water bath.
This treatment guantitatively reduced Se(IV}.
The soluticon was cooled and transferred to a
50-ml glass Erlenmeyer flask; the boiling
flask was rinsed with 10 ml of defonized-
distilled water which was then transferrad

to the 5G-m] Erlenmeyer. Five ml of the

0.06 M EDTA and 2 wl of 7 M NaCH were added
and the pH was adjusted to 1.8 = 0.2. The
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rest of the procedure was the same as that given
for the determination of Se(IV}. Since Se(IV)
plus Se{VI} was determined by this procedure and
Se(IV} was determined in the previous procedure,
the amount of Se{VI} can be obtained by differ-
ence. The reagents used for the determination
of total Se-~HC1, HBr, and NaCH--contribute
s1i¢htly to the fluorescence; this must be defer-
mined and accounted for.

The detection timit using this procedure is
about 1 ng Se/ml.

Lake Sediments

Sediments from two freshwater lakes (Buffalo
Pound and Katepwa) Tocated in the upper
QuAppelle River Basin in southern Saskatchewan,
Canada, were selected for this study. The nature
of the lakes and sediments are given elsewhere
{Oscarson et al., 1981a). Bottom sediments were
collected with an Fkman dredge. Several sediment
samples from each lake were thoreughly mixed and
combined to make a composite sample; the compo-
site sample of each lake sediment was used for all
experiments. The sediments were stored in sealed
plastic bottles at 49C.

Experimental of Redox Reactions of Se

Three grams {dry weight basis} of sediment was
suspended in 300 m1 of a solution that centained
100 ng/ml of Se(lV} or Se{VI} as NapSeDz or
NapSeQg in 500-ml Erlenmeyer flasks. In other
experiments 30 mg of 300-wesh Se(0} was added to
300 m1 of deionized-distilled water or 3 g of
sediment suspended in 300 ml of deionized-
distilied water in a 500-w1 Erlenmeyer flask.
One hundred mg of birnessite, which was prepared
by adding concentrated HC1 to a boiling solution
of ¥MnG,; (McKenzie, 1971}, was suspended in

300 ml of a solution that contained 100 ng
Se{1v}/ml or mixed with 30 mg of 300-mesh Se(d)
in 300 wl of deionized-distilled water and the
pH was adjusted to 7.0.

For all experiments, the flasks containing the
suspensions were stoppered and placed on_an
oscillating shaker in a water bath at 25%+0.2°.
At various time pericds up to a maximum of 7
weeks, the suspensions were thoroughly mixed and
a 15-ml aliquot of the suspension was withdrawn.
This sample was centrifuged at 1000 x g for 30
min and the supernatant was filtered (0.45 um-
pore size). Five ml of the filtrate was analyzed
fluoremetrically for Se(l¥) and 5 mt for Se(IV)
plus Se(VI} as described above.

At each sampling period, the Ej {(measured with a
Pt electrode vs. an AgCl/Ag reference electrode
in 4 M ¥C1) and pH of the suspensions were deter
mined.

RESULTS AND DISCUSSIONS

The data presented in Table 1 show that satis-
factory recovery of Se(IV) and Se{VI} added to
the sediment extracts. This indicates the suit-
ability of the proposed fluoremetric method for
the quantitative differentiation of Se(lV) and
Se(Y¥I) in solution.

The appearance of Se{IV) in solution after a
72-hr reaction period, when Se{Vi) is the Se
species inttially added to 2 suspension of
the sediments (Fig.2}, clearly indicates that
the sediments have partially reduced Se{VI)
to Sel{IV); in the absence of sediment no
detectabie Se{Vi) is reduced to Se(lV) within
7 weeks. The concentrations of Se{IV) in
solution after 7 weeks is approximately 4%
and 16% of the total Se in solution for the
Buffalo Pound and Katepwa Lake sediment sys-
tems, respectively.

The corversion of Se (VI) to Se{ly) is & rela-
tively slow process. The color of the sed{-
ment changes from a dark to a light brown 2

to 3 days after the sediment suspensions have
bean placed in flasks on an osciilating shaker
at 259C, indicating that the organic matter

of the sediments is being oxidized. Selenium
(V1) may serve as an electron in the oxidation
of organic matter. The positive log K{W)
value of the following reaction indicates that
the reduction of Se{VI} to Se{IV} by organic
matter, hers CHp0, is a thermodynamicaliy
favorabie reaction,

-2
2500, + CH,0 + ant o
= 2H,5e0, + €0, () + HyO

log K (W) = 54.7

The relevant half reactions for the organic
material and Se were taken from Stumm and
Morgan (1980) and Weast (1978}, respectively:
K (W) is the eguilibrium constant for the
redox reaction at pH and 259¢.

When Se(VI) is initially added to the sediment
suspensions, the concentration of Se{lV)
appearing in solution is greater in the
Katepwa than it is in the Buffalo Pound Lake
sediment system at any given time after 72 hr
(Fig.2). This means that the Katepwa lLake
sediment has a greater ability to reduce
Se{VI) relative to the Buffalo Pound Lake
sediment.

The Katepwa Lake sediment has a greater or-
ganic matter content than does the Buffalo
Pound Lake sediment {Oscarsen &t al., 198%a);
therafore, if organic matter is important in
the reduction of Se{VI) the Katepwa Lake
sediment would be expected to have the greater
ability to reduce Se{V¥I}). [In addition, the
[, of the Katepwa Lake sediment system is
lower, at least during the first part of the
reaction period {during the latter part of
the reaction periods, the E, of the two sedi-
ment systems is similar). than that of the
Buffalo Pound sediment system {Table 2}. The
jower initial B, in the Katepwa sediment
would altso tend to produce the reduction of
Se(VI} to Se{Iv}.

The sediments have a greater apility o sorb
Se{IV) than Se(V¥l) (Figs. 2. 3, and 4).
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Selenium{IV) can be adsorbed by allophanic clay
(Rajan and Watkinson, 1976) and/or coprecipitates
with iron oxides (Geering et al., 1968). Con-
versely, Se(VI) does not form stable sorption
complexes or co-precipitates with Fe or Al oxides
(Allaway et al., 1967). The sediments of the
Byffalo Pound and Katepwa Lakes contain a series
of hydrous oxides of Al, Fe, Mn, and 51 {Oscarson
et al., 198%a} which are apparently respensible
for the sorption of Se. The sorption of Se{1V)
by MnGp is illustrated in Fig.5.

When Se{IV) was the Se species initially added
to the sediment suspension of the Katepwa Lake,
the appearance of $Se(VI) was not detectable
within 7 weeks (Fig.3). On the contrary, when
Se{1V) was added to the sediment suspension of
the Buffalo Pound Lake the formation of Se{VI)
in solution was observed (Fig.4}. This is at-
tributed to the higher initial E, (Table 2) and
lower organic matter content {Cscarson et al.,
1981a) of the Buffalo Pound Lake sediment com-
pared with the Katepwa Lake sediment.

When Se(0) is the Se species added initially to
the Katepwa Lake sediment or birnessite {MnO»)
suspensions, the concentration of SelIy) {(no
$e(VI) was detectable in these systems) in solu-
tions is much less thar when Se(0} is added to
deionized-distilled water alone (Fig.8). Ap-
parently the Se(0) is auto-oxidized to Se{IV}
and then partially sorbed by the sedimenis.

Manganese oxides are present in the Take sedi-
ments used in this study (Oscarson et al., 198la)
and effective in converting As(III} to AS(V)
(Oscarson et al., 1981b; Huang et al., 1982) .
However, the data obtained (Fig.6) indicate that
Mn0O, does not catalyze the oxidation of Se(0)

to Se(1V, VI) within 7 weeks despite the thermo-
dynamic favorability of the following redox re-
actions:

Se + M0y + 4H' = HySe0, = ™S + Hy0 0 =0.47

+2

. -2 o
H25e03 + MnG2 = 5364 + Mo T+ HZO EY = 0.06

This indicates that the kinetics of the oxidation
of S5e{0) by Mnoz is relatively slow.

In conclusion, the data obtained indicate that
the rates of redox reactions of Se (0, IV, and
V1) in sediment-water systems significantly vary
with E, and components of sediments. The trans-
formations of Se (G, IV, and VI) in freshwater
sediment systems merit close attention since Se
species differ in their solubility and toxicity.

SUMMARY

The rates of certain redox reactions cof Se

(0, IV, and VI) in two freshwater sediments
{Katepwa and Buffalo Pound takes} in Saskatchewan
were studied. The appearance of Se{IV) in solu-
tion after a 72-hr reaction, when Se(VI) is the

Se species initially added to the sedimentis,
clearly indicates that the sediments have par-
tially reduced Se(VI) to Se{lv}. The concen-
trations of Se(IV) in solution after 7 weeks
are 4-16% of the total Se vemaining in soiu-
tion. The rate of reduction of Se(VI) to
Se(IV) appears to be related to E, and reducing
components of the sediments. In the absence
of sediments, no detectable Se(VI) is reduced
to Se{I¥) within 7 weeks. The transformation
of Se (IV) to Se(VI) in the Katepwa Lake sedi-
ments was not detectable but was clearly
observed in the Buffalo Pound Lake sedimenis
within 7 weeks. Selenium (0} is auto-cxidized
to Se{1Y¥) and then partially adsorbed by the
cediments. The transformations of Se (G, IV,
and VI} in freshwater sediment systems would
affect its solubiiity, toxicity, and subsequent
contamination %o the food chain.
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Table 1. Recovery of Se(IV) and Se(VI) added to
extracts of the lake sediments.
ng Se recovered*
ng Se added
Katepwa Buffalo Pound
T 250 Se(IV) 272+3° 25040
250 Se{VI) 23045 24545
I1 500 Se{IV} 468+12 497413
15 Se(VI) 2042 1343
11T 15 Se(IV) 1242 17+4
500 Se (VI) 487+7 5310+10

¥*

The time period necessary to complete the
sxEXperiment was less than 3 hr

X+6D, n = 3
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Figure 6. The auto-oxidation of selenium {0} to
selenium (IV) and its subsequent
sorption by the Katepwa Lake sedi-
ments and birnessite (MnO,}. No de-
tectable selenium {VI} wids produced
in solution.

Table 2. pH and values of the sediment sus—
pension of the Katepwa and Buffalo
Pound Lakes during the reaction
pericd.

Katepwa Buffalo Pound

Reaction a

period g B () o E ()
3 hr 8.0 200 8.1 355
24 hr 7.6 260 8.1 365
72 hr 7.4 365 7.8 445
1 wk 7.2 370 7.7 525
2 wk 7.1 385 7.6 550
3 wk 7.0 400 7.7 520
5 wk 7.0 425 7.7 500
7wk 7.3 440 7.5 443

®The precision of the pH and B measurements is
+0.1 and +10 mv, respectively
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THE EFFECTS OF GRADED LEVELS OF DIETARY COPPER ON THE GROWTH AND
PHYSIOLOGICAL RESPONSE OF RAINBOW TROUT {SALMO GAIRDHERI)

R.P. Lanno and J.W. Hilten

Dept. of Nutrition, University of Guelph
Guelph, Ontarioc

LANNG, R.P. and J.W. HILTON. 1982. The effects of graded levels of dietary copper on the
growth and physiological response of rainbow trout (Saimo gairdneri}. Can. Tech. Rep.
Fish. Aquat. Sci. 1i63.

The effect of geometrical increases of copper (Cu $0,.5H,0) from O, 50 to 3200 mg.kg_l
in practical trout diets on the growth and physiological &espénse of rainbow trout will be
presented. The 'no effect' Tevel of dietary copper on rainbow trout will be determined.

The physiclogical effects of chronic dietary copper toxicity on hlood parameters including
hemoglobin, hematocrit, plasma copper and plasma qlucose will be presented. Uptake and
accumulation of copper in the carcass, liver and kidney in relation to diefary copper Tevels
will be presented. Histopathology of the kidney, liver and intestine in relation to dietary
copper will also be presented. {Supported by NSERC, OMAF and OMRR) .

Key Words: Reinbow trout, Salmo gairdneri, copper, growth, chronic dietary copper, hemoglobin,
nematocrit, plasma copper, uptake, accumuiation.

LANNO, R.P. and J.W. HILTON. 1982, Effets de 1'inclusion de diverses quantités de cuivre dans
e régime alimentaire de la truite arc-en-ciel {Saimo gairdneri): sa croissance et ses
réactions physiologiques. Can. Tech. Rep. Fish. Agquat. Sci. 1163,

L'stude,concerne les effels de 1'augmentation géométrique --c'esta-dire de 0 a 50 et
3 200 mg.ky ' --du cuivre {CuS0,.5H 0) inclus dans le régime alimentaire de la truite sur
1a croissance et les réactions ghys%o?ogiques de celle-ci. On y établit la guantité de cuivre
qui peut-8tre incluse dans le régime alimentaire de 1a truite arc-en-cie} «sans effet= Sont
ggalement discutds les effets physiologiques d'un empoisonnement chronigue di au cuivre inclus
dans le régime alimentaire sur les paramdtres sanguins, notamment le niveau d*hémpgliobine,
1'hematocrite et la teneur en cuivre et en glucose du plasma. On signale en plus le rapport entre
1a proportion de cuivre dans les aliments et fe taux d'absorption et d'accumuiation de métat dans
1a carcasse. le foie et les reins. Enfin, on présente {'nistopathoiogie des reins, du foie
et des intestins en fonction de la dose de cuivre dans les aliments. [Avec 1'aide financiére
du Conseil de recherches en sciences naturelles et en génie, du ministére de 1'Agriculture et
des Pdches de 1'Ontario et du ministere des Ressources naturelles de 1'0Ontarie}.
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INTRGDUCTION

The toxicity ievel and physiological response of
rainhow trout to water-borne copper {(Cu} are well
documented {Miller and Mackey, 1980; Howarth and
Spraque, 1977). Rainbow trout exposed to Cu at

7 and 10 ug/L for 96 hours were more susceptible
to infection by Yarsinia ruckeri than control
fish (Knittel, 1987). Exposure to copper at
levels of 0.75 to 0.68 mg/L resulted in an ini-
tial cessaticn of feeding in rainbow trout, but
ultimately adaptation to these levels of watev-
borne Cu occurred and feeding resumed {Leit et
al., 1976). Rainbow trout exposed to water-borne
Cu at 0.035 mg/L showed decreased 1iver ascor-
bic acid, lowered blood hemoglobin concentration
and hematocrit levels and an increase in Tiver
Cu 1§ve15 compared with control trout (Yamamoto,
1981).

There have been very few studies on the response
of rainbow trout to dietary Cu. Ogino and Yang
{1980) found that a dietary Cu supplement of
0.7 mo/kg did not produce sywptoms of Cu defici-
ency and suggested that a lTevel of 3 mg Cu/kg of
diet was an optimal dietary supplement. Murai
et al. (19817 observed chronic dietary Cu toxi-
city in channel catfish fed semi-purified diets
supplemented with Cu {as CuSOg) at levels of 16
and 32 mg Cu/kg of diet. The chronic toxicity
was characterized by reduced growth, poor fead
conversion and a slight anemia when compared to
catfish fed diets with Cu supplements of 8 my
Cu/kg of diet or Tess. In contrasi, Knox et al.
(1982), attempting to determine the effect of
dietary Cu and the Cu:Zn ratio cn rainbow trout,
found no dietary Cu:Zn antagonism and no effect
on growth when fish were fed a dietary Cu sup-
plement of 150 mg/kg of semi-purified diet. Al-
though Murai et al. (1981) observed toxicity in
channel catfish at a level of 16 my/kg, no diet-
ary Cu toxicity was observed in rainbow Irout

at a level of 150 mg Cu/kg diet {Knox et ai.,
1982). Hence, dietary Cu tolerance in rainbow
trout appears to be higher than for channel cat-
fish and to exceed 150 mg/kg diest. The purpose
of this preliminary study was to determine the
toxic level of dietary Cu in rainbow trout, and
to determine the effect of dietary Cu toxicity
on growth, certain bleod parameters and Cu up-
take and accumulation in the rainbow frout.

MATERIALS AND METHODS

Experimental Design and Environmental Payameters

Rainbow trout fingerlings were fed practical
trout diets supplemented with Cu {as CuSOg-5H0)
at levels to provide from 0 to 3200 mg Cu?kg %iet
for & period of 8 weeks. The 8 diets were ran-
domized to eight 100 L tanks as a compietely
randomized design. Flow rate into the fanks was
3.5 to 4.0 L/min and the water temperature was

maintained at 14.98 1 0.119C (mean = SD, n=56).
Water quality parameters were as follows: dis-
solved oxygen-6.3 to 8.1 mg/L; hardness (EDTA)
- 140 mg/L CaClz; pH - 7.8; MHz-4.4 ng/l; Cu -
<20 ug/l; An - 44 pg/L. After B weeks, weight
gain, food conversion efficiency and other
physiological parameters were determined in the
trout.

Digt Preparation

Eight practical diets were formulated with
geametrically increasing levels of Cu supple-
mentation {as CuSDp-5H,0) from O to 3200 mg/kg
of Cu {Table 1). %iets were processed by steaw
pelleting. Copper content of each diet was
determined by atomic abscrption spectrophoto-
metry (Perkin-Elmer Model 372, Norwalk, CT.)
using an oxy-acetylene flame. Accurately
weighed (0.1 to 1.0 g} samples of diet were
dry-ashed ina muffle furnace for 4 hours at
5007C. The ashed diet was taken up guantita-
tively with 3N HCY and diluted to 25 mb with
doubie-distilled, de-ionized water. Standards
were prepared using Fisher Certified Atomic
Absorption Standard Stock Sotution {1,000 mg/:
* 13). A1l glassware and crucibles were soaked
avernight in concentrated nitric acid.

Supply and Maintenance of Fish

Rainbow trout (Salmo gairdneri Richardson) were
ohtained from Goossen's Trout Farm Ltd.,
Otterville, Ontario. After a two-week accli-
mation pericd, 200 fish per tank (mean weight
3.80 * 0.026 g/fish) were randomly counted
into eight 100 L grey Tiberglass tanks with
water maintained at a temperature of 14.98
01170, The tanks were serated and were
kept as a flow through system with a water in-
flow vate of 3.5 to 4.0 L/min, using a well
water - City of Guelph water supply mixture.
The test diets were fed to single tanks of

200 fish for & weeks. Fish were fed 4 fimes
per day and the amount of food per feeding was
determined as described by Hilton and Slinger
{1981}.

Growth and Biochemical Assays

Body weights, feed:gain ratios, and total
martalities were determined after each 28-day
neriod. After 8 weeks, Tish were randomly
selected from each tank and killed with an
overdose of tricaine methanesulphonate {Syndel
Lahoratories Ltd., Vancouver, B.C.). Livers
and head kidneys were excised, quick-frgzen
with liguid nitrogen, and stored at -207C until
assayed for ascorbic acld content. Livers and
kidney samples to be used for Cu and In deter-
minatign were excised, freeze-dried, and stored
at -20°C until these determinations could be
performed.

Blood for hematological analysis was collected
from six to eight fish {fasted 18 hr) per tank
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per analysis, in heparinized centrifuge tubes,
following caudal peduncle severance. Blood sam-
ples were immediately centrifuged at 3500 x g for
5 min, and the plasma stored at -20°%. Plasma
samples to be analyzed for plasma glucose content
were taken from the fish no lenger than 120 sec-
onds after the cessation of cpercular movement
when subjected to an overdose of tricaine methane-
suylphonate. Plasma giucose was determined by the
giucose oxidase method (Glucose GOD-PAP Kit,
Mannheim-Boehringer Canada Ltd., Dorval, p.Q.).
Tetal plasma Cu was analyzed by discrete nebuli-
zation atomic absorption spectroscopy {(Makino and
Takahara, 1981). Hemoglobin was determined by the
cyanmethmeglobin method {UNOPETTE TEST 5859,
RECTON-DICKINSON, Rutherford, New Jersey). Hema-
focrit values were obtained using 20 oL hepari-
nized capillary tubes.

Eor Cu and 7Zn analysis freeze-dried liver and
kidney samples (0.5 to 1 g) were placed in 20 ml
conc. HNG3 and brought to boit for approximately

5 min. The solution was cooled and 5 mi of

HC104 was added for further digestion until it
cooled and made up to volume (25 mL) with double-
distilled, de-ionized water. The samples were
analyzed by atomic spectroscopy. The ascorbic
acid concentration of Tish tissues was determined
by the method of Aeschbacher and Brown (1972}.
Weighed tissue samples (0.5 ¢ liver; 0.1 g kidney)
were homogenized in 5.0 mb of 6% trichloroacetic
acid (TCA, w/v). The homogenized sample was then
centrifuged for approximately 5 win at 76,000 g.
One wL of the supernatent was then mixed in an-
other test tube with 3 mL of TCA, to which was
then added 1 mb of chloramine T:buffer solution.
The solution was mixed and allowad to stand for

10 min. Two drops of thiourea and 1 mb of 2.4~
dinitrophenylhydrazine reagent were then added
and the sapple was mixed well and incubated for

3 hr at 379C. After the incubation period, the
samples were removed from the incubator, rapidiy
cooled in an ice bath, and 5 mL of 85% HpSO4 {v/v)
was slowly added. The test tubes were s aken and
ailowed to stand for 5 to 10 min. Optical density
of the solutions was measured at 540 nm in a spec-
trophotometer. Tissue concentrations were then
determined by reference to a standard curve pre-
pared using ascorbic acid .5.P. (Hoffman-La Roche,
Vaudreuil, P.0.).

Statistical Analysis

Experimental results were subjected to gither
linear regression or analysis of variance. pif-
forences between treatment means were determined
at the 5% probability level using Tukey's
procedure as described in Steel and Torrie {1980} .

RESULTS

Growth Study

After 8 weeks, there was a noticeable reduction
in weight gain and feed intake concomitant with
an increase in feed:gain values and mortalities

in fish fed diets containing = 730 mg Cu/kg
diet (Table 2}. A pronounced refusal of

food and a marked increase in mortalities was
noted in groups fed 1585 or 3088 mg Cu/kg
diet when compared to groups of fish consuming
diets with ¢ 730 mg Cu/kg of diet.

Blood Parameters

Hematocrit and hemoglobin levels varied 1ittle
in fish fed diets 1 through 7, and were signi-
ficarntly lower only in fish fed diet 8.
Hematocrit and hemoglobin concentrations were
both at their highest values in fish fed diet 3
{83 mg Cu/kg). Mean plasma glucose vaiues
fluctuated significantly between diets hut ro
trend in serum glucose concentrations was ap~
parent. There were no significant differences
in total plasme Cu levels among treatments.

Tissue Mineral Content

Liver and kidney analysis revealed that the

Cu content of both tissues increased with
increasing levels of dietary Cu (Table 4},
Liver, but not kidney Zn levels also appeared
to increase with increases in dietary Cu con~
centration. When livers were excised from
fish fed the 730 mg Cu/kg diet, or wore, large
arsas of pale tissue were noted on the liver.
These lesions occurred in approximately 80% of
the fish observed.

Mean ascorbic acid levels fluctuated signifi-
cantly among treatments {Table 5} but tnere
appeared to be no definite relationship of
tissue ascorbic acid to increasing levels of
dietary Cu.

DISCUSSICN

Painbow trout reared on diets containing

=730 mg Cu/kg diet (Table 1, groups 6, 7, and
%) exhibited food avoidance and refusal, re-
duced food consumption and the appearance of
gross lesions on the liver. The food refusal
observed consisted of fish either mouthing the
pellets of feed and subsequently expetling them
gr simply swirling at the pellets and not
mouthing them at all. Signs of food refusal
were most pronounced in fish fed diets contain-
ing 1585 or 3088 mg Cufkg diet. These signs
coupled with the significantly lower body
weights, higher feed:gain ratios and higher
mortality rates (Table 2) indicate that dietary
Cy toxicity occurred in the range of 287 to

730 mg Cu/kg diet.

Hemoglobin concentrations and hematocrits
fluctuated significantly among treatments, but
showed no definite trends and remained within
the "normal" range of literature values for
rainbow trout {McCarthy et al., 1975; Wedemeyer
and Nelson, 197%). The depressed hemeglobin
and hematocrit values observed in fish fed the
diet containing 3088 mg Cu/kg of diet may be an
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effect of inanition rather than of elevated
dietary Cu. Knox et al. (1982) observed a de-
crease in hematocrit and hemoglobin concentrations
ir rainbow trout fed diets containing 150 mg Cu/kg
of diet as compared to fish fed & supplement of

15 mg Cu/kg, but “depressed” values were well
within the "normal” range.

Plasma Cu levels did not change in response io
increasing levels of dietary Cu. This is in
agreement with the results of Knox et al. {1982)
and Mural et al. {(1981) working with vainbow trout
and channel catfish, respectively. Liver and
kidney Cu levels appear related directly to diet-
ary Cu intake. As dietary Cu Tevels increased,
there also appearsd to be & concomitant increase
in hepatic Zn levels. Although Knox et &l. {1982}
found that increasing distary Cu levels increased
the amount of Cu present in the liver, no change
in liver In levels was noted. It is possible that
nigher levels of dietary Cu thap those used by
krox et al {150 mg Cu/kg diet] may be requived

to affect the absorption and transport of zinc in
the rainbow trout.

Tne accumulation of Cu in the Tiver may be indi-
cative of the onset of Cu toxicosis. Prior fo

the manifestation of overt symptoma of Cu toxi-
cesis in sheep (Gopinath et al., 1974) and in
swine {De Goey et al., 1971), a large increase in
hepatic Cu levels was noted. A similar situation
may occur in rainbow trout as no signs of Cu toxi-
cosis such as depressed growth and higher feed:
gain values were observed until Cu had accumuiated
to a level of approximately 880 wug/q {dry weight
basis) in the Tiver of fish fed diets containing
>730 ma/kg Cu.

Plasma glucose levels were variable and showed

no significant trends. Plasma glucose levels
were in the high "normal” range for rainbow Trout
(McCarthy et at., 1975; UWedermeyer and Helson,
1475) and this may be attributable to the stress
of sampling.

Ascarbic acid concentration in liver and head
kidney of rainbow trout seemed unaffected by in-
crease in dietary Cu levels. This is in dirvect
contrast to work done by Yamamoto et al. {1981)
who noted a warked decrease in hepatic ascorbic
acid stores in rainbow trout exposed to a

0.035 mg/L Cu solution for 18 weeks when compared
to controls. Differences in ascorbic acid:Cu
interaction may be to the duration of the experi-
ment (18 weeks vs. 8 weeks) or simply due to dif-
ferences in the effects of dietary and water-
borne modes of administration of Cu.

NRC {1980) suggests that & significant time perid
{weeks to months) is ysually required for the
development of the signs of chronic dietary Cu
toxicosis, and that their ultimate expression is
so rapid that the fatal course appears %o be
caused by an acute process. A subsequent experi-
ment is therefore required to detevmine the ef-
fects of a greater duration of dietary Cu expo-
sure on rainbow trout than used herein.
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TABLE 1: Compesition of the basal test diet and levels of dietary copper

supplementation.

Basal Dier

Ingredient Z

Capelin Meal 38

Soybean Meal 25

Wheat Middlings 22
. . a

Vitamin PreMix 2

Mineral Pre-Mix" (Cu=free} i

Fish 04l 12

- b c
Dietarvy Copper’ Content

Dier Nominal Determined
H 0 9.0%.14
2 50 37:1
3 160 83:1.2
4 200 171=15
3 200 287=16
) 800 730=209
7 L1500 1585:158
8 3200 3088:650

aVitamin and Mineral Pre-wix as given in Cho et. al. (1976}, (GuS0, not
=
added to Mineral Pre-mix)
bas CuS0, .54,.0
41702
Cmg/kg, wet weight

dﬁean + 50, n=3
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TARLE 2t Growth purformance of rafabow troul after B weeks on the test

diets at 15°C.

Diet Weight gain Food intake Fuud:gaina ratio Mortalities
(kg/ 100 Fisn)y™ (kip/8 whe)©

1 2.33 4,768 0.47 0.4

2 2.43 4, 4K 1,96 9.2

3 2.50 4,671 0.97 H.6

4 2.54 4.563 0.95 12.3

5 2.52 4. 386 B.y2 12.3

s 1.12 20429 1,36 G5

7 0.37 1.627 1.53 33.8

! .18 U, 0fh 7 2.20 ai. 7

Pnit Ll body weiphit 3080 0 08 n/ Pnh/oank

[

sunheor of mortalivies/ 10,000 Vish days

Fstimate on a per tank basis

2 - . R
TABLE 3: Blood parameters 1n raimbow rroul fed test diets for 8 weeks.

{(Values in columns with the same superscript are not gignifi~
cantly different).

Diet Hematoerit Hemoplobin Serum Glucose Plasma Cu
(g/dL) {myr/dL) (sg/ml)
1 43.8:2.0"0 7.61.96°7¢ yo. 389" 120198
2 41.2:3.8°7 7.3 9070 GH .G 1540 0.901.20
3 45.645.7° 9.21 92" 101,80 12.8" Loose. 12t
4 43,1330 s.Ua.gz“d 78,80 6.4 ST
5 42.0:3.9°P 8.0 .g18¢d 65.91 5.8 1 oeed
5 44.5:3.2%0 8.7:1.0°C 88,39, 5% 1.1 0.0
7 40.1¢2.8° 7 5045700 D D
8 32.9:2.9° 7.00.67° NE D

.
Not determined

2

v+ ©n (Hamareerit and Hemoolobin., 0=6; Serum Glucose and Plasma Cu, n-3}.
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TABLE 4: Copper and zinc content” of liver and kidneyc of rainbow

rrout after & weeks on the test diets.

Diet Liver Kidney
Cu Zn Cu Zn
1 127.3 62.8 4.95 94.6
2 175.0 59.8 11.5 86.2
3 247.8 60.3 10.6 84.6
4 150.8 63.3 13.8 89.1
5 509.0 69.8 22.8 90.6
6 886.0 75.1 76.2 95.5
7 i282.0 83.8 N ND
8 3183.0 1073 NI ND

aug/g dry weight.
b
Net determined

L : . - ; . .
Single determination performed on a pooled sample ol liver or kidaey
from 20-25 [ish.

sl
TABLE 5. Ascorbic acid content (wet woeight) of rainbow trout liver

i
and head kidney” after B weeks on test diets.

Diet ) Livuri Head Kidneyl

{ug/p-S.0.)

1 ha. 0oyt 166,018,420
2 140.107.7% 145.8"7.8°

3 144 48.7¢ 160.49.9°%

4 167.7:35.9% 208.6130.4°
5 171.5012.5° 167.7'12.9°F
o 129.66.7° 145.7413.3%

1 . . . I .
Values in columns with the same superscript are net sipnificantly different.

T3 replications on a pooled sample of livers and head kiducys from 20-30 fdsh.
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THE TOXICITY OF WATERS PRODUCED DURING IN-SITU RECOVERY QF OIL FROM
THE ATHABASCA OIL SANDS AS DETERMINED BY THE MICROTOX BACTERIAL SYSTEM

Eric Peake and Alice Maclean

Kananaskis Centre For Environmental Research
The University of Calgary, Calgary, Alberta

MACLEAN, Alice and Eric PEAKE. 1982. The toxicity of waters produced during in-situ recovery

of 0il from the Athabasca ¢il sands as determined by the Microtox bactertal system. fan.
Tech. Rep. Fish. Aguat. Sci. 1163.

Waters produced during in-situ vecovery of 0il by the steam stimulation and the COFCAY
{combination of forward combustion and water flooding }processes were found to be toxic in the
Microtox bioluminescent assay. EC50 values, the effective concentration of toxicant causing
a 507 decrease in the 1ight output of a phoipluminescent bacteria, ranged from 0.3 tc 11.4
per cent. VYolatile organic compounds were analyzed by combined gas chromatography-mass
spectrometry using a purge and trap method. Extractable organic compounds were also
analyzed by combined gas chromatography-mass spectrometry after separation on ion exchange
resins or fractionation by acid-base partition. The toxicity of the waters was caused partly
by volatile organic compounds. primarily alkyl substituted benzenes, and partly by extractable
organic compounds including phenols, organic acids and hydrocarbons, with no single class of
compounds solely responsibie for the chserved toxicity.

Key Words: Microtox, toxicity, benzanes, phenols, organic acids, hydrocarbons.

MACLEAN, Alice and Fric PEAKE. 198Z. Toxicite des eaux produites pendant la récupération in situ
du pétrole contenu dans les sables bitumineux de 1'Athabasca, d'aprés Ta méthode
d'expérimentation bactérienne Microtox. Can. Tech. Rep. Fish. Aguat. Sci. 1163.

{'analyse de bioluminescence Microtox révele que les eaux produites pendant Ta
récupération in situ du pétrole, scit par injection de vapeur, soit par 1'application du procedé
COFCAW (combustion co-courant avec injection d'eau), sont toxiques. La concentration efficace de
substance toxique causant une baisse de 50 p. 100 de la Tumisre produite par des bactéries
photoluminescentes, ou Cl.,, relevée au cours de 1'expérience, varie de 0,30 p, 100 a 11,4 p. 100G,
Les composés organiques ngati1s sont analysés par chromatographie en phase gazeuse et par
spectrométrie de masse, aprgs leur cencentration par épuration et par séparation. Les composés
organigues extractibles sont analysés de 1a méme mani2re, apres leur répartition sur des résines
ioniques ou leur fractionnement au moyen de la séparation en acides et en bases. 1 ressort de
cette analyse que la toxicité des eaux ast causée en partie par Tes composes grganiques
volatils, les benzenes alkylés surtout, et en partie par les composés organiques extractibles,
notamment les phénols, les acides organiques et les nydrocarbures, aucune de ces catégories
n'eétant toutefois la seule cause de la toxicité relevee.
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THE TOXICITY OF WATERS PRODUCED DURING IN-SITU RECOVERY OF OIL
FROM THE ATHABASCA OIL SANDS AS DETERMINED BY THE MICROTCX BACTERIAL SYSTEM

Eric Peake and Alice MaclLean

Kananaskis Centre for Environmantal Research, The University of {algary
Calgary, Alberta T2N IN4 CANADA

ABSTRACT

Waters produced during in-situ recovery of ¢il by the sieam stimulation and the COFCAW (combi-
nation of forward combustion and water flooding) processes were found to be toxic in the Microtox

bioluminescent assay.

in the light output of a photoluminescent bacteria, ranged from 0.30 to 11.4 per cent.

ECe, vatues, the effective concentration of toxicant causing a 50% decrease

Yolatile

organic compounds were analyzed by combined gas chromatography-mass spectrometry using a purge and

trap method.

spectrometry after separation on ion exchange resins or fractienation by acid-base partition.
toxicity of the waters was caused partly by volatile organic compounds,

Extractable organic compounds were also analyzed by combined gas chromatography-mass

The
primarily alkyl substitut-

ed benzenes, and partly by extractable organic compounds including phenols, organic acids and
hydrocarbons, with no single class of compounds solely responsible for the observed toxicity.

INTRCDUCTION

The toxicity to aquatic crganisms of wat-
ers produced during the recovery of oil from
the Athabasca o011 sands by in-situ recovery
processes is of environmental concern. Simi-
Tarly the toxicity of waters which may contact
produced hydrocarbons or the upgraded synthet-
i¢ crude oil is of importance, for although
the production and upgrading of oil may be
rigerously controlled, spitls wiil inevitahly
take place during production and transporta-
tion of upgraded oil, Such spitls may direct-
1y affect surface waters and eventually affect
groundwaters through the leaching of water
soluble components from contaminated soil.

The objectives of this study were to de-
termine (1) the toxicity of waters coproduced
with hydrocarbons during in-situ recovery of
oil by the COFCAW {combination of forward com-
busticn and water flooding) and steam stimula-
tion processes, (2} the toxicity of waters
contaminated with upgraded synthetic crude
oil, and {3) the classes of chemical compounds
responsible for this toxicity.

EXPERIMENTAL

The Microtox hiocassay system was used to
determine the toxicity of produced waters (a)
as received, (b} after purging with nitrogen,
{c)} after chemical fractionation into acidic,
phenclic, basic and neutral compounds, and {d)
after extraction of organic compounds. Chemi-
cal fractionations were carried out on ion
gxchange resins and solvent extractions wers
conducted under acidic, neutral, and basic
conditions. Chemical components of the vola-
tile and extractable organic fractions were
identified by combined gas chromatography-
mass spectrometry.

SAMPLE DESCRIPTION

Waters were from the Gregoire Lake pilot
preject located about 40 km southeast of Fort
McMurray, Alberta. This pilot project was
designed for the extraction of deep oil from
the Athabasca oil sands by the (GFCAW process
which consists of idgnition of the formation,
injection of air to control combustion, and
injection of water to create a steam pres-
sure. A portion of the bitumen is combusted
and some is thermally or pyrolytically altered.

Initially the Gregoire Lake project was to
consist of nine injection wells and sixteen
production wells with a spacing of one produc-
tion well per hectare. Subsequently the spac-
ing of wells was modified by the addition of
satellite wells located in each case about 8
meters from the production wells in the direc-
tion of the injection wells. Not all welis
within the pilot project produced by the
COFCAW process;y some produced by steam stimu-
lation alone.

Communication among injection and neigh-
bouring production wells was not always well
established or defined; thus produced waters
may have been derived directly from the COFCAW
process, from a combination of the COFCAW pro-
cess and steam stimulaticn or from steam stim-
ylation alone. Some original connate water
may also have been produced.

Fluids from the Gregoire Lake pilot pro-

ject were sampled on February 19, March 19,
May 14 and June 10, 1981. A total of five
wells were sampled with produced water and

oil-water emulsion collected in 20 litre glass
containers and in 50 L culture tubes tightly
closed with teflon lined screw caps. Not all
wells were producing during each sampling per-
fod. A 1ist of samples is given in Table 1.



The well designated GP-26, when sampled in
May, provided a good example of COFCAW produced
fluids. Wells GP-31, sampled in February and
March, and GP-19, sampled 1in May and Jdune,
produced primarity by steam stimulation. Wells
GP-20 and GP-21 produced a mixture of injected
water and steam. In most cases samples were
obtained from the test separator, but when
such a sample was not available group separ-
ator samples were taken. Near-surface ground-
water which was injected during the COFCAW
operations was alsc sampled.

MICROTOX BIDASSAY OF TOXICITY

In the Microtox system a marine lumines-
cent bacteria was used as the bioassay organ-
ism. Osmotic protection of the bacteria is
provided by the addition of sodium chleoride to
the test sotutions. The bacteria display good
tight stability in the presence of 7% sodium
chloride with all components of the test being
adjusted to this salinity.

Lyophilized luminescent bacteria were hy-
drated before each test with 1.0 mb of distii-
jed water precosled to 3.0°C + 1°9C. Five to
seven pairs of cuvettes were placed in an
incubator hlock controlled at 15°C.  To one
cuvette of each pair, the test cuvelle, was
added 500 uL of Microtox diluent ({purified
water containing 2% NaCl). The second cuvette
of each set received 1.0 mL of an appropriate-
1y diluted sample with the exception of one
cuvette which contained Microtox diluent which
was used to monitor any time dependent drift
in Tight output.

Ten ul of the solution centaining rehydra-
ted hacteria was added to each of the cooled
test cuvettes and allowed to stabilize for 15
minutes. Initial 1ight readings wers then re-
corded for each cell suspension using a a Mic-
rotox analyzer. Five hundred ub of the solu-
tion from the blank cuvette and from each of
the sample cuvettes was transferred to the
appropriate cell suspension. Light output
from each cuvetie was recorded after 5-minute
and 15-minute reaction periods.

The decrease in light, after correction
for any time dependent drift, versus the con-
centration of the sample was used to calculate
the toxicity of the sample.

CHEMICAL ANALYSES

Total Organic Carbeon (T0C)

Samples collected in 50 mL cuiiure tubes
were analyzed for total organic carbon with a
Dohrmann Envirotech organic analyzer. The
sample was shaken prior to analysis; thus the
TGC values represent both dissolved organic
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compounds and compounds associated with sus-
nended matter., The method also gave a value
for M"wolatile organic carbon”  representing
compounds boiling up to absut 150°C,

Yolatile organic compounds

Yolatile organic compounds were anaiyzed
by combined gas chromatography-mass spectrom-
atry after concentration by a modified purge
and trap method {Federal Register 1978}, From
0.5 to 5.0 mL of sample was placed in & 13 x
100 mm culture tube and the volume brought to
5 mL by the addition of distiiled water as
necessary. The tube was heated to 45 C in a
water bath and helium passed through the sam-
ple via a length of fused silica capillary
tybing at the rate of 50 mL per minute. The
purged hygrocarbons were Lrapped in a 40 mm X
10 mm glass ¢olumn filled with Tenax &L res-
in. The hydrocarbons were vemoved Trom the
Tenax resin by heating to about 250°C with
helium flowing at 50 mbL per minute and were
trapped in a length of fused silica tubing at
Tiguid nitrogen temperature. The hydrocarbons
were then flashed inte the injection port of a
compined gas chromatograph mass speclrometer
(5C-MS) and anaiyzed. The GL-MS system used
was a Finnigan Model 4021 equipped wilh an
INCOS data system, Wanco 10 megabite disc
drive, and Perkin Elmer & track tape drive.
The G column was a 30 m x 0.25 mm fused siti-
ca column coated with 3E54.

Extractable organic compounds

Water samples were extracted in the 20
Titre bottles used for samplie coliection. The
neutral and scidic erganic components were ex-
tracted by first acidifying the sample to pH 2
with concentrated hydrochloric acid and then
mixing for & period of &-18 hours with 200 mb
of benzene using a magnetic stirrer. After
allowing the agueocus and solvent phases to
separate, the bhenzens and any emulsion were
removed. Four to 5 extractions were made with
200 mL of henzene per extraction.

Follewing extraction of the acidic and
neutral compounds, the water sample was adjus-
ted to pH 11 with sodium hydroxide and the
basic organic components were extracted with
benzene. Two to 3 extractions were carried
out as for the acidic compounds.

The water was neutralized with hydrochlor-
ic acid and any amphoteric compounds were ex-
traected two to thres times with benzene. No
detectable change in the chemical composition
of the organic constituents resulted from this
separation procedure.

Acidic, basic, and reuiral organic frac-
tions, separated from water were analyzed by
combined gas chromatography-mass spectrometry
(GL-MS). Identification of compounds was



based on computer comparisons of mass spectra
with those of the United States Enviroamental
Protection Agency library, gas chromatographic
retention times as compared with standard com-
pounds, and published mass spectra and gas
chromatographic data.

Class separation of organic compounds

Produced waters from the in-situ process
which were known te be highly toxic by the
Microtox test were fractionated and the tox-
jcity of each fraction measured. Yolatile
comporents were separated from the sample be-
fore fractionation and their contribution teo
the total toxicity determined.

XAD resins were used to separate the sam-
nle into acidic, basic, phenolic and neutral
components. These resins are synthetic poiy-
styrene polymers that adsorb nonionized spe-
cies but do not retain ionized compounds in
aqueous solutions., Organic acids are eluted
from these resins if the pH is greater than &;
basic compenents are eluted if the pH s acid-
ig; and phenclic components are eluted if the
pH is above 11. Neutral components which do
net  jonize can be eluted with methancl.
Microtox assays can be carried ocut directly on
the acidic, basic and phenolic fractions. The
methanol must be removed completely from the
neutral fraction and the sample dissolved in
water prior to toxicity testing.

The resin bed was prepared by pouring a
mixture of 5 g XAD-2 and 5 g XAD-8 into a 25
em x 1 cm column, The resin was cleaned be-
fore use by washing with 1060 =L 0.1 N hydro-
chloric acid, 100 mt pH-7 buffer, 100 wl O.IN
sodium hydroxide and 100 mL methanol. A1l
traces of methano] were removed from the resin
bed by extensive washing with water,

Volatile comporents were removed from the
sample by purging with nitrogen for 15 min-

utes. Fifty mL of the volatile free sample
was acidified to O.IN with 0.5 mL of concen-
trated hydrochloric acid. The sample was

passed through the resin column which retained
acidic, phenolic and neutral compounds. The
affluent which contained the basic compounds
was collected. Fifty mL of 0.1 hydrechloric
acid was passed through the column to wash off
any remaining basic components. Acidic compo-
nents were eluted with 50 mL pH-7 buffer,
monobasic potassium phosphate-sodium  hydrox-
ide. Phenclic compounds were eluted with 50

mb of 0.IN sodium hydroxide. The remaining
neutral material was removed with 35 mL of
methanol.
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RESULTS AND BISCUSSION

Samples (a} as received, (b} after purging
with helium or nitrogen to remove volatile or-
ganic compounds, {c} after chemical fractiona-
tion into acidic, basic, phensolic and neutral
compounds, and (d} after exiraction of organic
compounds  were tested for toxicity by the
Microtox system. The results, given in Table
2, are expressed as ECg, values. Toxic com-
oounds affect the metabolic processes of the
hacterial cells raducing the normal light out-
put., The designation Elg, is an expression of
toxicity defined as the effective concentra-
tion of toxicant causing a 50% decrease in the
Tight output of the bacteria. The relative
contribution of volatiie and extractable com-
pounds or each ¢lass of compounds to the over-
all toxicity can be calculated from the ECg,
values. A good general agreement has been
found between the Microtox bipassay and the
fish binassay with such compounds as ben-
zene, phenol, and fripitrotoluene (Bulich et
al., 1981; Qureshi et al., 1982). Studies by
Lebsack {1981) on fossil-fuel process waters
and on some phenolic compounds indicate the
correlation between the Microtox and fish bio-
assay to be as good as the correlation between
two fish biovassays. Low ECgy values indicate
the presence of significant amounts of toxic
compounds whereas values over 80 indicate Tit-
tle or no toxic material.

A1l samples werg toxic as received with
EC;y values, obtained after 5 minutes of con-
tact between the sample and the bacteria,
ranging from .30 to 11%. Among the most tox-
ic samples were the COFCAW produced waters,
GP-26 sampled in March and May, and the fluids
oroducad by steam stimulation from weil GP-31.
The acidity of the sample GP-26, May, was
adjusted to near pH 7 to avoid any pH effect in
the Microtox test. A1l other samples fell
well within the functicnal pH range of the
test. The fluids from GP-31 contained large
amounts of dispersed ¢lay minerals and bitumen
as indicated by a total organic carbon content
of 1,850 ppm (Table 3). Waters from well GP-26

contained lesser amounts of total, dissolved
and dispersed, organic carbon but a greater
portion of the carbon occurred as volatile

organic compounds, 28% in the May sample from
well GP-26, as compared with 13% of the carbon
in the February sample from well &P-31. In
both cases the waters were found to be highly
toxic to aguatic organisms. The 5-minute ECgy
values for the GP-31 samples were 0.30 and
0.31%4 for the February and March samples, and
the values for the GP-26 samples taken in
March and May were (.84 and 0.61%. AIl the
waters produced by both in-situ combustion and
steam stimulation were toxic in the Microtox
test including shallow groundwaters prior to
injection. ECg, values measured after 15 min-
utes did not vary greatly from those measured
after 5 minutes.



Purging with helium to remove volatile or-
ganic compounds reduced but did not remove the
toxicity of the produced waters, Among the
major aroups of compounds removed from the
samples by purging were benzeng and alkyl sub-
<tituted benzenes (Table 4). The toxicity of
these: compounds To aguatic organisms s well
known; therefore their removal from the sam-
ples was expected to reduce  toxicity. The
samples after purging were stili toxic with &
minute ECsq values ranging from 0.3% 1o 57%.
Samples from wells GP-Z6 and GP=31 were still
kignhly toxic. The water collected from well
ap-31 in February contained 1,610 ppm organic
carbon after purging and gave a 5S-minute ECsgg
value of 0.39%. Removing the purgabie organic
compounds from sample GP-26 (May} reduced 1its
toxicity, as indicated by an increase in the
EC.y value from 0.84 to 2.0%. After purging,
the raw water showed little toxicity with a
value of 764.

Some toxicity, presumably due to dissolved
organic compounds, remained. These organic
compounds wers then extracted from the pro-
dyced waters with toluene, a total of nine ex-
tractions at three different pH conditions for
each sample. After extraction of the organics
the aqueous solution was adjusted to its ini-
tial pH; thus differences in Microtox ECeq
values before and after extraction represented
the contribution of the organic constituents
ts the toxicity of the sampie. Al samples
showed a major reduction in texicity upon ex-
traction and five of the 13 samples produced
no significant foxic effect in the Microtox
test after extraction. Thus the extractable
and volatile organic compounds in the produced
waters, rather than the inorganic constitu-
ents, were responsible for the majority of the
toxicity in the produced waters.

& major group of organic compounds exirac-
ted from the waters were phenols: phenoi, al-
kyl substituted phencls, and alkyl substifute
ad naphthalenol {Table 3). These compounds
are highly toxic to aguatic organisms. Als0
found were many alkyl substituted benzoic
acids, substituted arematic hydrocarbons, ben-
zenamines, pyridines and guinelines. The
presence of these compounds would readily ac-
count for the observed toxicity of the pro-
duced waters.

Despite repeated solvent extractions under
acid, basic, and neutral conditions, the odor
of phenols remained in some of the samples.
Apparently not all the phencis were totally
extracted from the sample. fonsequently three
samples were further extracted under acid con-
ditions. These doubly extracled samples were
then tested for toxicity. In all cases they
produced no significant effect in the Microtox
test, confirming that a major cause ot toxice-
ity in the produced waters was the extractable
prganic compounds.
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Based upon the average ECs values ob-
tained after 5 and 15 minutes exposure, the
contribution of the volatile and extractable
compounds  to the toxicity were calculated
{Table 6). The relative toxicity due to the
volatite and extractabie compounds varied
greatly, from as 1ittle as 23% due %o volatile
compounds to as much as 87%. o meaningful
differance was found between waters produced
by in-situ combustion and by steam injection.
The difficulty 1in obtaining representative
samples of the produced fluids without Toss of
some  volatile materials makes the results
guestionable. Undoubtediy many volatile com-
ponents which were fin solution in the combus-
tion zone were lost from the samples. A more
meaningful measure of the toxicity of the pro-
duced fluids is provided by assays after purg-
ing of the volatile compounds.

The fractions separated by ion exchange
chromatography were examined to determine
which chemical classes of components were re-
sponsible for the observed toxicity. Averaged
results calculated from the EC;y S-minute and
t5.minute values are shown in Table 7. In
three of the four samples examined the neutral
compounds were the major cause of the toxice
ity, whereas in the sieam produced sampie Lak-
en from well GP-19 in May the acids were the
major contributors to the toxicity. The neu-
tral fraction contained aliphatic hydrocarbons
C; to Cys together with many gromatic com-
pounds. Thess included aikyl substituted ben-
zenes, indenes, naphthalenes, fluorenes and
phenanthrenes, a number of which are known te
he toxic to asuatic organisms. The occurrence
of these compounds would explain the toxicity
of the neuiral fraction from the water sam-
ples. Similarly the toxicity of the phenolic,
acidic, and basic fractions could be explained
by the presence of toxic alky! substituted
phenols, substituted benzoic acid and benzena-
mines, pyridines and guinalines.

SUMMARY AND CONCLUSIONS

waters produced during the in-situ recov-
ery of oil from the Athabasca 011 sands were
found Lo be toxic te agmuatic organisms by the
Microtox bicluminescence test. ECgp values at
159C as low as 0.30% were found in walers pro-
dyced by steam stimuiation. These waters con-
tained clay minerals, and 1,800 ppm dispersed
organic carbon, The toxicity of waters pro-
duced by the COFCAW in-situ combustion process
was alse high. A sample which centained 480
ppm organic carbon gave an ECs, value of
0.61%. The toxicity of these waters was
caused partly by volatile erganic compounds
and partly by extractable organic compounds.
Inorganic compounds did not contribute to the
roxicity. Ne single class of organic compounds
consistentiy was responsible for the observed
toxicity. In the COFCAW produced waters the
neutral organic material was the main toxicant.
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TABLES
Table 1. Samples Taken from the Gregoire Lake
Pilot Study.
Sample Description

Water Sampies

GP-20 (Feb)
GP-20 (Mar}

GP-21
GP-21%
GP-21

{Feb)
(Mar}
{Jun)

GP-26 {Feb)
GP-26 (Mar)
GP-26 {May)
{
(

GP-31
GP-31

Feb)
Mar)

GP-1%
GP-19

{May)
{Jun}

Groundwater

Raw Water

Produced water; combination of
treated water, raw water and
stimulated water

Produced water; combination of
stimulated water and COFCAMW
water

Water produced in combustion
process
Produced waters from steam

stimulaticn

Produced waters from steam
stimutation

Groundwater used for
injection




it8

Table 2. The Toxicity of Waters from the Gregoire Lake Pilot Project as Determined with the Microtox

System. EC, values at 15°C

As Received Valatile Free Extracted Double Extracted
Sample ECsp (5) ECso (15) £Ceo (5) ECsg (15) ECsp (5) ECsg {15) ECoq (5} ECgq (15)
{percent) (percent? {percent? (percentf
GP-20 (Feb)} 7.2 11 23 18 NE* 78
GP-20 {Mar) 11 11 57 49 NE NE
gP-21 {Feb) 2.3 3.0 16 14 89 NE
GP-21 {Mar) z.6 3.0 12 8.9 37 36
GP-21 {Jun} 1.2 1.4 4.6 4.5 81 NE
GP-26 {Feh) z.5 3.2 4.6 5.1 26 27 NE NE
GP-26 {(Mar) .84 0.96 2.0 2.3 22 i8
GP-26 (May) 2.3 2.3 2.9 3.0 17 16 82 8¢
GP-31 (Feb) 0.30 0.32 0,39 0.58 33 35 96 g8
GP-31 {Mar) .31 0.41 .54 1.4 37 36
GP-19 (May) 2.9 3.1 17 i 61 65
GP-19 (Jun) 1.4 1.6 1¥4 11 94 NE
Raw Water 1.9 76 NE
*NE - No Significant Effect (5) ~ 5-minute values {15) ~ 15-minute values

Tanle 3. Acidity and Carbon Content of Water Samples

Yolatile Total
Organic Carbon  Organic Carbon

Sample pH {ppm) (ppm)
GP-20 {Feb) 6.80 21 116
GP-20 {Mar) 7.10 10 74
GP-21 (Feb) 7.60 11 96
GP-21 {Mar) 8.65 21 103
GP~2%7 (Jdun) B.55 38 202
6P-26 (Feb) 5.60 21 160
GP-26 (Mar) 6.95 33 170
GP-26 {May) z.70 136 481
GP-31 (Feb) 7.15 242 1850
GP~31 {Mar) 8.15 82 281
GP-19 (May; 6.70 25 266
GP-19 {Jun 6.55 26 235
Raw Water 8.60 & 87
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Table 6. Percent Contribution to the Toxicity
of Waters from the Gregoire Lake
Pilot Project as Determined with the
Microtox System

Yolatile Extractable Other

Compounds  Compounds Compounds
GP-20 (Feb) 52 40
GP-20 (Mar) 79 -- -
GP~21 {Feb) 83 15 2
GP-21 {Mar) 73 20 7
GP-21 {Jun) 72 27 1
GP-26 {Feb) 41 57 2
GP-26 (Mar) 58 38 4
GP-26 {May} 26 64 10
GP-31 (Feb) 34 66 0
GP-31 (Mar} 57 42 1
GP-19 (May) 82 13 5
GP-19 (Jun} 87 11 2
Raw Water 58 -- -
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Table 7. The Relative Toxicity of Chemical
Fractions Separated from Produced
Waters as Determined by the Microtox
Test
GP-19 GP-19 GP-21 GP-21
{May) (Jun) (Jun) {May)
Acids 48 10 34 17
Bases 10 23 16 6
Pnencls 8 16 9 12
Neutrals 36 51 41 65
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THPLICATIONS OF TOXICOLOGICAL STUDIES FOR THE MARINE DISCHARGE OF
LIQUID WASTE FROM A MAJOR ENERGY DEVELOPMENT

Fergus M. Power

Taranaki Catchmen® Commission and Regionat Water Board
Stratford, New Zeajand

POWER, Ferous M. 1982, Implications of toxicological studies for the marine discharge of
Tiquid waste from a major energy development. Can. Tech. Rep. Fish. Aquat. Sci. 1163.

The implications for toxicological assessment of liguid wastes from a proposed synthetic
petro} plant at Motunui, on the Novih Island of New Zealand are discussed. These include the use
of 'fast-track' legislation which limited the time available to the authority regionally
responsible for Ticensing activities in the aguatic envirvonment (Taranaki Catchment Commission and
Regiona] Water Board) in which to formulate waste component standards, dispersion criteria and
mixing zone size, to six months. Problems sncountered were a total absence of toxicological
information regarding New Zealand maring species; inttially imprecise waste description; and
unavaiiability of the cooling tower water treatment chemicals for testing. The results of
acute and sublethal bioassays aimed at establishing waste component standards for the synthetic
petrol plant are presented for In, Cu, Cr.Pb and the bincide Alfloc 324. The implications of
energy-related fast-track Tegislation for toxicological aguatic hazard assessment are discussed
in tarms of two scenarios: (a) inadeguate protection of the aquatic environment due to
insufficient lead-time for investigation; and (5) ‘overprotection’ imposed by the courts due to
the absenge of toxicolegical information regarding a critical waste component (for example,
a2 biocidel.

Key Words: Harine species, zinc, copper. chrowium, ltead, Alfloc 324,

POMER, Fergus M. 1982, Portée d'études toxicologigues sur Te déversement dans la mer des
effigents liguides provenant d'une importants instaliation énergdiigue. Lan. Tech. Rep.
Fish. Aquat. Sci. 1163

Le present rapport falt €tat des consdguences de Tievaiuation toxicologigue des effliuents
Tiguides en provenance ¢’une ysine d'essence synthetigue prévye & Motunui, dans 1'1le du Hord
de 1a Nouvelle-Zélande, pour 1 approbation diun tel projet. Etant donné la loi invoguée pour
fiare approuver le projet, les autoritds responsables de 1iémission de permis pour les
exploitations ou activités touchant le milieu aguatique, en V'occurrence le Taranaki Catchment
Commission and Regional Water Beard, n'avaient gue six mois pour arrgter les normes relatives
3 la composition des effluents, & la dispersion et 1'dtendue de Ta zone de diltution. Elles
ne possddaient aucun renseignement sur ies espdcoes marines de ia Nouvelle 7élande et n'avaient
5 lewr disposition aucune des substances chimigues requises pour te itraitement de 1'zau dy
refroidisceur, substances nécessaires aux expérimentations. En outre, la description des
effluents qui Teur avalt d'abord ét€ remise manguait de précision. Le vapport fait £tat des
résultats des essais biologiques de toxicité aigué et de subidtalité mends en vue d'gtablir
1es normes de composition des effluents provenant de Tlusine d'essence synthétigue; ces essais
portaient sur la teneur en zinc {Zn}, en culvre (cul, en chrome (Cr), en plomb {Pb} et en biocide
Alfloc 324, On discute fgalement les répercussions, sur 1'dvaluation des risques toxicoliogiques
pour 1e milieu aguatique, d'une loi visant & acc€lérer T'approbation de nouveaux projets énergé-
tigues. L'existence de telies conditions peut antrainer deux réactions : a) la protection
Tnsuffisante du milieu aguatique par suite d’un manque de temps pour exéouter toutes les &tudes
nécessaires ou b) la surprotection de ce wmilisu, mesure décrétée par tes tribunaux en 1'absence
de données toxicologigues suffisantes pour apprécier correctement une composante essentielle des
effiyents de 1'entreprise {un biocide, par exemple).



INTRODUCTION

The New Zealand Synthetic Fuels Corporation
Limited applied for consents to construct a
synthetic petrol plant at Motunui, on the
western coast of the North Island of New
Zealand, in February 1981. These consents were
sought under ‘fast-track® legislation {the
National Development Act 1979) and included the
right tg discharge a complex Tiguid industrial
waste into the Tasman Sea via a submarine out-
fall at a rate of 38.6 litres/second. \Use of
such legislation meant that only six months
were available %o the authority regionally
responsible for 1licensing activities in the
aguatic environment {the Taranaki Catchment
Commission and Regional Water Board}, in which
to formulate waste component standards, disper-
sion criteria and mixing zZone size.

The heart of the synthetic petrol plant complex

consists of:

1. two methanol feedstock units, with a com-
bined daily output of 4400 tonnes;

2. the methanol to gasoline conversion plant
located adjacent to the methanol plant, and
capable of converting methanol to gasoline

at a rate of 570 000 tonnes/year.
The outfall stream flow rates
comprise:
{a) cooling towers {30.5 litres/second);
(b) demineralisers, condensate polishers (5.1
litres/second);
{¢) sewage (0.6 litres/second); and
(d) raw water treatment slTudge Tlagoons

litres/second},

comgonent

(2.4

A high zinc level (4 mg/L) was expected in the
waste stream due to the proposed use of a zinc-
based corrosion inhibitor {(Nalce 7350) in the
cooling towers. Naleco 7350 corntains about 10%
zinc as zinc chloride plus poly-ol ester.

Effluent component levels are summarised in

Table 1, The restricted time available for the

investigations meant that each waste component

effectively competed with the others for toxi-
celogical assessment, A ‘thierarchy of com-
peting risks' was established, based upon:

{a) published titerature concerning the toxi-
city of isolated waste components to over-
seas species;

(b) potential synergism between binary mixtures
of major waste components.

The details regarding the selection of the
waste components for study is set out in the

report of which this paper is a summary
(Taranaki Catchment Commission 1981).
Toxicological information ©presented to the
Tribunal constituted to consider the water

right application to discharge waste from the

synthetic petrol plant included:

{a) a review of internaticnal toxicological
literature dealing with all of the known
waste components (except the water treai-
ment chemicals);
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(b} results of acute and sublethal tests aimed
at assessing the toxicity of zinc, chromium,
copper, lead, zinc/copper and zing/chromium
binary metal combinations to a selection of
Tocal marine species.

MATERIALS AND METHORS
ADULT STUDIES

Acute bipassays
SeTection of test species was based upon five
¢criteria: :

{1V dmportance of the species in the ecclogy
of the shore, particulariy in terms of
abundance, biomass or deminance;
consistent presence on  the shore
throughout the year, thus providing for
accessibility and ease of collection;
the existence of sufficient literature on
the ecology of the animal to allow
appraisal of its feeding and other beha-
viocural patterns;
the exclusion of any speciss which was
approaching the boundary of its
geographic range;

{v) the ability of the species to survive
well under laboratory conditions.

(i1)

(iit)

(iv)

Four species of marine intertidal invertebrate
were studied: the carnivorous 'oyster borer!
tepsiella scobina (Quoy and Gaimard 1833); the
grazing limpet Cellana radians (Gmelin 1791},
and the carnivorous, scavenging and deposit-
feeding half-crab Petrolisthes elongatus {Milne
Edwards 1837).

A1l animals were acclimated for 24 hours in oxy-
genated natural seawater. Animals were not fed.
Standard practice of the ASTM (1980 was
followed. During each test each species was
exposed to a minimum of seven test «con-
centrations and a control. Test sglutions were
aerated. Test solutions were made immediately
before wuse wusing AnalaR grade reagents (BDH
Chemical Company Limited, Pocle, England).

In 48 hr-LC50 tests the solutions were replaced
with fresh sclution after 24 hours. 1In 336 hr-
LCHO tests, solutions were replaced avery alter-
native day. Approximately fifty ([(50) animals
were used for each test concentration, Animals
were placed in PVC aquaria holding 10 Titres of
test solution at 10 cm depth. Experiments were
conducted at various temperatures to assess dif-
ferences in susceptibility at different tem-
peratures, Animais that died during the
exposure perind were removed. Foliowing expo-
sure, animals not responding tc touch or failing
to show respiratory movements were c¢lassed as
dead. L050°s and L750's were computed using
custom-made programs run on a DIGITAL PDP 11/23
computer. Student's it-iest was used to compare
the significance of differences between computed
LCA0 values,

Litehfield and Wilcoxon's {1948) test for
parallelism of slopes was used to determine



Table 1 EXPECTED CONCENTRATIONS OF KNOWN EFFLUENT
COMPONENTS IN SYNTHETIC PETROL PLANT EFFLUENT

* Slug - fed once per week to establish & concentration of 50 ppm
in recirculating cooling water

2 Progressive dilution in blowdown holding pond assuming no
3 breakdown of the product
a Slug - Fed 30 minutes prior to each biccide application
Continual dosage through day to establish & 10 ppm concentration
5 in the recirculating cooling water and blowdown
Applied once per day o establish a 1.0 ppm free residual in
5 the tower return water for 30 minules

Formula used: seawater concentration
= {diffuser dilution factor X ocean background level)
+ {affluent dilution x effluent concentration of the toxicant)
{diffuser cdiiution factor + effluent diiution factor)

Loncentration
Initial After I50:1 initial
Component {ppm} ditution at outfali
{ppbl
Hatural dissolved salis
{from river water) 500 333¢
BODg 100 667
Phosphates 40 267
Hydrocarhbons £2.7 £18
AT loc 324 {Biocide)l 352 233
Nalco 7348 {Biodispersant)?d 3,5¢ 23
Naleco 7310 {Dispersant) 82 83
Naico 7350 {Corrosion inmibiter)d 402 266
Chlorine® £0.1 £0.7
NasSQ0gq from demineralisers/
polishers 533 3553
{NHa) 2504 from demineraliisers/
polishers 64 424
Total suspended solids 50 333
oH 6.5-7.5 S
Temperature at cutfall sump 20-30CC -
Trace metals:®
in 4.0 27-28
Fe 2.6 19-42
Hi 3.3 3-12
Cr (.3 2,1-2.2
Cu 0.07 4.64-0.8
b .03 0,35-0.71
Sn (.05 0.43
Cd 06,01 0.08-0.12
Mo G.02 6.1 -1z.1
Notes:



significant differences in probit iine slopes.
The metals examined in these tests were zinc
{as InClo or ZnS04.7H20}, copper (as CuS04.5H20),
chromium (as KoCro07) and lead (as (CH3COO§2
Pb.3H20). In the Jead LC50 experiments, LC50's
were computed:

(a)
(b)

The Tatter L.C50 figure accounted for conseguen-
tial deaths following exposure and is considered
to be a mere realistic LC50.

immediately after 336 hr-exposure; and
again after a seven-day recovery peried.

Marking's Additive Index (MAI) {(Marking 1976)
was used to establish antagonistic, additive or
synergistic effects of binary metal mixtures.
Zinc/copper and  zinc/chromium mixtures were
examined. For each MAI, the three reguired
1050 tests (metal A, metal B, metal mixture AB)
were conducted at similar temperatures. The
concentrations of metals used in binary mix-
tures were in & 1:1 ratio. A quoted binary
concentration of 10 mg/L = 5 mg/L metal A and
5 mg/L metal B.

Sublethal studies

The Hew i‘ealand edible green-lipped mussel
Perna canaliculus (Gmelin 1791) was subjected
to a 3 r- . The results of this and of
1, 5, 10, 50 and 100 mg/L Zn2* (as ZnS04.7Hp0)
LT50's were used to select levels of zinc for
yse in sublethal behaviocural studies., In one
experiment, mussels were exposed to either 5 or
50 mg/L In2* for 168 hours. In a second,
mussels were exposed to 1.0 mg/L Zn* for 504

hours. Test solutions were replaced every
sacond  day. Twenty (20) and forty {40)
mussels were used in the conirol and =ach

treatment for the 5 and 50 ma/L Zn?*, and the
1 mg/lL InZt experiments respectively. in
another experiment, mussels were exposed to
eignht different concenirations of the biocide
Alfloc  324. Concentrations used were:
control; 0.1; G.3; 0.6; 1.0; 2.0; 3.0; 10.0;
and 30.0 ml/mS Alfloc 324 (Catoleum Pty
Limited). These experimental sclutions were
replaced daily. Three replicate lanks, each
holding ten (1) mussels were used for the test
solutions, and four replicate tanks each
holding ten {10} mussels were used for the
control. Mussels were exposad to the Alfloc
324 solutions for four weeks,

In each of these tests, the byssal threads were
cut prior to exposure, and &t the end of the
experiments their growth was measured (number
of threads produced and mean length}. Clumping
behavicur of the mussels was observed. Hourly
‘ghservations of gaping behaviour were made.
Byssal thread attachment fo substrate or other
mussels was checked and the mussels disattached
daily by carefully severing the threads at the
point of attachment, At the completion of the

zinc experiments, each surviving mussel was
opened by severing the adductor muscle. The
foot was then prodded, and its reaction

observed.

125

LARVAL STUBIES

Acute bioassays

Thé method used to test the toxicity of Alfiloc
324 to barnacle nauplii makes use of their
strong positive reaction to Iight, and is simi-

Jar to the method wused by Donshue @&t al.
{1977}, The nauplius is the first free swimming

stage after release from the adults.

Stage 1 or Stage II naupiii were coliected by
iransporting boulders colonised by adult Eiminius
modestus to the laboratory. The boulders were
Submersed in natural unfiltersd seawater with a
strong light beam passing diagonally through it
from above. The nauplii collected at the side
of the aquaria at the point where the light was
incident. These were <ollected by pasteur
pipette and placed in a small beaker with a
darkened hottom and lower sides. Light was
applied from directly above and the uniformly
dispersed and highly concentrated nauplii were
than drawn off for use in the experiments. OUnly
those nauplii which continued to react positi-
vely to Tight were used.

Tests were performed by partially filling a 5 ml
syringe with the Alfioc 324 solution at a con-
centration to be applied to the nauplii. Alfloc
324 was then added to a known volume of seawater
{containing the nauplii) in a beaker by micropi-
pette. The nauplii contained in 1.5 m1 of this
solution were then drawn uyp into a pasteur
pipette, which was subsequently attached to the
syringe by a plastic tube. The lower 4 cm of
each pasteur pipette was darkened. The pipettes
were inclined at an angle of 200 to the horizon-

tal, and subjected to directicnal light from
above.
At set intervals {normally one, two and three

nours}, the pipettes were returned to the ver-
tical, tapped vigorpusly to dislodge any dead
animals on the side, and the syringe plunger
deprassed 0.2 units to expel the bottom frac-
tion. This fraction contained the dead and/or
immobitised animais, Use of the attached
syringe in this manner meant that the expeiled
fluid was simultaneously repiaced with fresh
test solution, preventing a drop in the fluid
level in the pasteur pipette and the conseguent
stranding of nauplii on the glass sides. Tests
utilising two replicates were made using;
control; 1; 3; 10; 30; 100; 300 and 100G ml/m3
Alfloc 324, The numbers of nauplii used in each
respective test were: 620; 354; 260; 431; 501;
418; 408 and 199.

The naupiii in the expressed botiom samples were
then counted using a binocular microscope. AL
the conclusion of the sampling pericds the
numbers of nauplii remaining in the top fraction
(nealthy  naupiii}  were <counted tc  allow
determination of the initial number of test
naupiii.

A comparative test utilising this method was run
on Indt as InSO4.7Hp0.
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RESULTS AND DISCUSSION

ADULT STUDIES

Acute bigpassays

The chngitions and results of the 48 hr and 336
he-10B0 tests of In, Cu, Or and Pb foxicity o
the four marine Intertidal inveriebrates under
study are given in Tables 2 and 3.

species
te zinc
=L 0B0
1lang

Zinc toxicity: 11 of the test
demonstrated increased susceptibility
with increasing temperature. In 48
tests, the slope functions for each
radians probit were guite simiiar,
ditferent compounds that the zinc was applied
as and the different test temperatures emp?eyeﬁ,

Qe

inlls was SigﬁYf?C&?tsy more toxic to L. radiant
than ZnSG4 (P 4€0.001;. E 48 hr-L050 fesis

involying Lepsiella scobina, Zn504 was S?”ﬁi:]m
cantly more toxic tﬁar an?g P 40,001, At
17,1500, 7Zn30s was almost seven times nore
toxic to L, scobina tban at 13.25%C, Lepsie!l

scobina demGnetrated greater slope Tdnciio %i
than L. radians or Melagraphia asthions. The

slope functions for L. scobinag increased with
increasing  temperature. fhe most ocbvious
émpi%ca*'sﬂ of the widely differing slope func-
tions for each respective probit is that fhe
rank order of species susceptibility to zing
changes with increasing concentration.

In 336 nr-LCB0 tests,
WETE FEQGE?ES to produce

greatly reduced In levels
LC50's for all test

daspite the

ot

)
0

LT50 tests were particularly difficult to per-
form with gastropods and 1impets because of the
difficuylty in detsrmining the sftate of the ani-
mals without unduly interfering with tLhem,
However, individual checking of each animal at
hroadly spaced time intervails stiil aliowad use-
ful analysis.  The results presented for FP.
e;gngqtg§ are substantialiy more compliste due io
the easiiy-observed nature of their scaphog-
nath a"fivéty.

e
tLE

L7500 test are given in

conditions and resylls
Tables 3
with

5 and 8. Thore was a ciear trend that

incr aasfag 7nd* concentration, less time

wag e@g*re far the achievemenit of the LT50.

Although & 7 was reaguired

with lower concentraiions, onge reaction hegan
it was more

centrations with functions using

rapid in lowsr than in highar con-
Spearman's rank-correlation coefficient

lenger time for resctioc
cantralions. Comparison of LTE0 fest con-
computed siops
sroduced: T = -3.58 and a correlation of -0.5.

Size-specific and sex-specific differential

mavwa T{ty: After the conclusion of several
acufe zing toxicity tests, randomly selected
5ﬂ§m&ai were measured using an appropriate para-
meter. Student's f-tesis were conducted to find
significant differences belween syrviving and
dead animals of each species, and for differences
in the sizes of live and dead male and female

P. elongatus.

In both 48 hr and 336 hr-LC50 tests, dead (.
radians were significantly larger than the sur-

soeciess In 18.809C tests, both L. scobipa and  vivors. The opposite was the case for L. sg¢o-
. aethiops demonstrated large slope functions Bina, while no significent size-diffevential
tnau %s, a rapid changs in mortality over a Vartaifzy Was datecteé for M. aethiops. Results
?arrsg concantration spani, In the case of  varied for F. atus, but 1% shouid be noted
M. aethiops ;”vrtaiity iﬂcreaseﬁ from “gé Qe that in 48 br ?f tesb:, significantiy more
T.28 ma/l fret te 95 per cent in 0,62 ma/L smaller females died Than larger ones did. This
Since anly one partial mortall ty chJ”rﬂé ?g*rb shenomenon was not detect=d by If-test in the
nit and 100 per cent mortalities below and  resuits of 236 hr-LU5D sxperiments.
above these csﬂc&ntratiens} an LLBO could not
be computed. The 336 hr-LCB0 Tor M, aethicps Chvomium toxicity: In 48 hr-LU50 tests, Crb¥
as derived §fa§ﬁiC§=§y using a standard method proved to be 4.5 Times more toxic to L. rad%ans
’%mer%c%% public Health Association 19783, than to L. scobina {gas?as 2 and 33,
Q cam;awisgﬂ of the rank order of sach sgﬁ“'@z Copper foxicity:r  In 48 hr-LLED tesis, gyt
(judged by LCBG's) for 48 hr and 336 hr-LC50's  proved to be more toxic to P. e2longatus {Tables
f’ﬁ order of rcrea31ﬂa resistance) is given 2 and 3] than to L. scobina. The 14.89C 48hr-
below {Table 47, : L5 fcg * as CuS0g.8HPG) for L. scobina s
230 mg/L LuZT, the highest cenaﬂﬁtrat?aﬁ‘ﬁfed in
tha bgﬁasgayg AT 14.849C Cul® as CuSD4.5H0
Tabile 4 COMPARISON OF RANK ORDER GF SPECIE demonstrated 2 similar toxicity fo E. elsngatas
RESISTANLE TO IItM SPEARMAN'S Q%Qﬁn to that of InfT as ZnS$0a.7H20 at 17.159C -
CORGELATION £0 EFFICIENT: T =0 LCBD's of 25,9 and 23.0 mo/l reﬂpest%ve?y} {p =
CORRELATION = § 0,333,
Lead | ng’sxﬁiz In 336 hrzgiﬁu tests, L. %ggf
o S ‘ ins resisisd 1ead levels 100 times highgr Than
Species 48 hr-LC50 336 hr-L050 Thote tolerated by M. asthiops. A large number
of animals died s Jsﬁg§$’§§§ to exposure, during
fellana radians i 3 the seven day racovery period.  The occurrence
Petrolisines of  such  extended t&ﬁteﬁuéaiﬁa? mortality in
€ LONngaLusS 2 1 eff?&&%iwsxsgﬂeﬁ aﬁ?#aéb after acule sxposure is
Leps&e% 2 seobina 2 4 of  great ;gaf*aﬁaa since it indicatss that
Meiagraphia astniops 4 2 {80y obitatned in the laboratory withoui the
orovizion of a recovery period could be over-
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and conceguently that discharge of
the effluent 1in the field may induce heavier
mortalities than expected, When LCBD valuss
were computed after taking a seven-day recovery
period into consideration, a marked reduction in
t e LCB0 values was obtainad (Table 3}. These
LOBO figures accounted for consequential deaths
following exposurs and are considered to be more
realistic LCBO s,

estimated,

Binary metal mixtures: It 1s net possible
to “predict, Trom studies invelving isolated
metals, the toxicity of Hzna”y or more complex
mixtures of metals, nor is it possibie 1o pre-
dict, from the known toxicity of a binary mix-
ture to a particular species, the toxicity of

the same meta’l mixturs to another specgies. The
same binary mixture may demonstrate antago-
nistic, additional or synergistic effects

depending upon the species used for the test
{Taranaki Catchment Commission 1981).

The Hew Zealand Synthetic Fusls Corporation
Limited applied for a water right i éischarge
a complex industrial waste with nipe trace
metals as components {Table 1. The most
significant of thzse metals in terms of con-
centration was zinc. Investigations of the
toxicity of binary metal mixiures were con-
ducted using several species. Zinc/copper and
zinc/chromium combinations were studied, since
chromium and copper were examples of metals,
other than zinc, likely to be found at con-
cenptrations significantly higher than ambient
seawater levels after initial dilution al the
suybmarine cutfail.

Zinc/copper mixtures: A 14,89 48 hr-LC50
(Zne™ "ag Tud04) was_conducted on L.
{atkalinity = 109 gm=3 Cal03, salinity = 3% ppt,

= 8.2}, but only 9 per “cent rtality was
achieved at  the Thighest concentration used
(50 mg/L_7n2* + CuZ¥). Thus the 14.60C 48 hr-
LEBS {Zn?* a3 ngu4ffui* as CuSO4r For L, sco-
bina was ¥50 mo/L Znet/Cult. -
i similar test was conducted for P, gafgn
uging  ddentical  conditions, and éﬁ i
instance only 29 per cent wmortality  was
achieved at the highest conceniration used
(60 mg/L ZnZ% + CuZ*). Thus the 14.69C 4B hr-
RC%U (fﬁg as Z?SQQ' CuS0s) for P,

ge% 35 CuSh
.
atus was $50 mg/L an 0

Zinc/ehromium mixktures:  The 13,8850 48 hr-

LCED (in as aﬂb@@fﬁfﬁ as KoCrpOy; for (.
radians was 42.8 (25.2-72.3) mg/L. Increased
Temperature significantly reduced the LBD
figure. _ The 16.679C 48 hr-L050 {Zn2% ag

InS04/Cr%% as Kplro07) was 11.7 (8.9-15.3) mg/L.
The result of this test was combined with 2
17,3590 InS04 {Test No 4) and & 16.679C Kplrp0y
test {Test No 14} io calculate & Merking's
Additive Index for the Dbinary mixiture. The
calculated S-value was 0.94, and gave 3 MAD of
0,06, and & magnification Tactor of 1.08, The
range of the index was 0.94 to 1.49. The mix-
ture was  therefore demanszraied te be
synergistic.

The 12.250C, 16.86°C and 16, 6798 48 hr-LC50's

[7n2% a5 InS04/Cr®* as KpCrpO7) for L. scobina
were 309 (176-543) 1204 %553 2215) and 134

(100-178) mg/L respect1ve1y. The result of the
latter test was combined with a 17.150C ZnS0g
fest and a 16.6790 KolrpQy test fo calculate 2
MAl for the binary mixture. The calculated 5~
vatue was 3.32, and gave a MAI of ~2.32 and a
magnification Factor of -1.32. The range of the
index was 3.32 to 3.49. The mixture was there-
fore demonstrated to be antagonistic.

At concentrations below 800 mg/l the ;n2+f5r6*
mizture was more ltoxic te L. scobina than ZnZt
in isolation. With increasing concentration
their relative toxicities converged and then
reversed., At Tower temperatures the Zn2*/{rZ*
mixture anpeared to be more toxic than Lné?
whereas the reverse was true for higher tom—
peratures.

Two aspacis of the zing/chromium binary mixture
toxicity experiments are of interest: firstly,
there was a change in the relative toxicity of
the mixture when compared to that of zinc azlone,

with changing concentration; and second?;, the
synergistic effect of the In2¥/0rbT  mixture
manifested in the £, radians resulis contrasted

with the antagonisfic effect of the same mixture

manifested 1in the L. scobira results. Witn
increasing In2t/Crb¥ concentrations, the pH of
the test medium decreased while alkalinity

increased, For example, on the compietion of a
130C 48 hr-1050 test, the pH and alkalinity of a
500 mg/L {Zpft + Crb*) test solution were 6.3
and 172 gm~3 (aC03 respectively, as opposed to

the contrel (8.1 and 119  gw Callz
respectively}. It is possible that the reduced
pH  of higher test concentrations may have

augmented the availability of free metal foms.

studzes' The conditions and
U336 hr-LCB0 {ZInZ* as Zn504)
us are given in Tables 7 and

Sublsthal
resiits o6F & lo.48
for Perpa canaticu

8 {Test %a 503, LT 50 test results are also Qrsm
vided in thessa The ‘Taﬂ test resylt

are particu ; interesting siance not only ds
the &, g0 mg/L Zﬁz LT5('s have
simitariy large siope funciicns, but when

slotted as grobits, were virtually indistinguish-
able. HWhile the 1 mg/L 7n* 17,350¢ LT50 DY (e
duced wvery different resuifs, with increased
temperature (19.469C) the probit for 1 mg/L ZnZt
closely approached those for 5 to 100 mg/L Znét
st the lower temperaturs. These resulis imply
that at a particular temperaturs, the same LTS
response will be elicited in zinc concentrations
ranging from 5 to 100 mg/L In

were marked differences in the behaviour
and experimental mussels.  Lontrod
ad new bDyssal threads and ¢lumped
the experimental musseis
behaviour,

There
of control
mussels produc
together, Mone of

shared this gregarious

Due %o the obvious effect of temperature on
Perna canaliculus sensitivity fo zino, two low-
temperature [13.679C) sublethal studies were

initiated using 5 and 50 mg/L Znft as 7nS0a.
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One high temperature {19.460C) study was under-
taken using 1 mg/L Znf* as ZnS04. Test con-
ditions are summarised in Table 9.

Gaping behaviour: Immediately following
exposure the 50 mg/L Inét mussels showed a
marked difference in the percentage of animals
gaping {variable, 0 to 20 per cent) when com-
pared with the control (variable, 60 to 100 per
cent), This difference continued for the dura-
tion of the exposure (168 hours). In contrast,
5 mg/L Znct.axposed mussels continued o gape
normally for up to four days, then showed 2
gradual decline in gaping activity {variahle,
30 to 80 per cent).

This effect of zinc on filtering behaviour of
the mussel highlights one of the probliems
encountered when conducting toxicity tests with
animals such as bivalves, which can deliberately
jsplate themselves from the environment in
response tc the presence of a pollutant in high
concentrations, While it might be expected that
the 50 mg/L Ing* exposed mussels would show mor-
tality much earlier fhan the 5 mg/L Ine*-exposed
mussels, this was not the case. Whereas the
50 mg/L Inc*.pxposed animals immediately reacted
appropriately to the texin and reduced time spent
filtering *o & minimum, thus reducing overall
exposure, the 5 mg/L 292+~EX§GSEG mussels con-
tinued to filter normally, and although exposed
to a much lower concentration of zinc, probably
syffered a similar overall dosage due fo an
initial lack of the avoidance response {shutting)
of the valvas, cessation of filtering activity,
and exclusion of the exiernal medium)., After
about 40 hours exposure, the 5 mg/L ZnZ*-
exposed mussels became progressively slower in
initiating their closing response  after
prodding. Narcesis increased with time. Upon
completion of the seven-day exposure period,
none of the 5 mg/L Zn2+-exBosed mussels and
only two of the 50 mg/L In®T-exposed mussels,
had died,

Byssal thread productign was significantly
inhibited in 50 mg/L Znl*-exposed mussels (P
20.05). Hone of the byssal threads produced by
the 5 and 50 mg/L ZnZt-exposed mussels success-
fully attached to the substrate. The avarage
lengths of the byssal threads groduced (+95% L1)
were (mm): control, 11.02+1.83; 5 mg/L Zn§+,
10.33+1.84; 50 mg/L In<*, 87b2il1.29.

At the end of these experiments, each musse?
wag opened by severing the adducter muscie,
The foot was then prodded, and its reaction
observed. The following scale was used %o
denaste reaction of the foot to stimulatiom:

0: no responss

11 s¢low response

2: rapid response

The results are shown in Table 10.
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Table 10  RESPONSE OF THE FOOT  MUSCLE OF
T PERNA CABALICULUS AFTER A SEVEN-DAY
EXPOSURE 70 ZINC
o Type of response
% 0 T 2-
Controt 0 i ig
5 mg/L ZnZ? g 14 5
| 50 mg/L Zné* 3 17 0

Such narcosis i3 of obvious disadvantage in the
case of predatory attack. Mussels showing ne
response at all were demonstrated to be alive
by checking for filtering activity. This was
done by dropping powerdersd graphite before the
inhalant and exhalamt siphons, and observing
the respiratory currents.

These sublethal rasponses were é&xamined_al a
lower zinc concentration {1 mg/L Inét as
In504.7H20) and higher temperature (19.48+0.240C]
Forty (40) control and forty (40) experimental
mussels were observed for 504 nours. Theare was
no significant difference in filtering behaviour
hetween control and experimental mussels over
the duration of the experiment. A greater
number of control mussels rejectad fheir byssal
threads in the first few days than the experi-
mental mussels. A1l of the control mussels
that rejected their thredds grew new threads,
while only 25 per cent of the experimental

mussels that rejected their byssal threads
showed signs of replacement. Comparison of
byssal thread growth and attachment and foot

response is provided in Table 11,

These results demonsirate that while the
majority of mussels may survive such zing con-
centrations in the laboratory, their behaviour
is medified in several ways which would be
likely to cause mortality in the fieid (failure
to secrete byssal threads; failure to attach fo
the substrate; inducement of abnormal filtering
behaviour; and general narcosis causing fallure
to respond to touch).

£#¢luent standards for the synihatic pelrod
Tant: in August 158: tne Planning Triounal
constiruted to hesr evidence pertalning to the
various consents seought by the MNew Zealand
Synthetic Fuels Corporation Limited under fast-
track Tegislation {the Hational Development Act
19797 received evidence regarding the potential
anvironmental ‘mpact of waste discharped via
the submarine ouifall to be consiructed in
assogiation with the plant.

The Taranaki Uatchment Commission and Regional
gatercgeard, haying regard for the fact that
oth C. radians and P. elongatus exhibited mor-
tality in 20 g/l InZ* 25 InS04.7Ho0 during the
336 nr-L050 tests, and noling that there was no
reason Lo assume that an asympiote in toxrigity
had bheen reached &bt this concentration {the
iowast tested), considered that such & level of



Table 11

el
[
~d

BYSSAL THREAD GROWTH AND ATTACHMENT IN PERNA CANALICULUS,
CONTROL VERSUS 1 MB/L Znet-EXPOSED MUSSELS

Cantro! 1 mg/L In2*
Average length of byssal
threads {#95% CI} {mm) 20.16+2.4 $.91+0.93
Number of mussels 32 23
Number of threads 328 898
Number of threads/musse] 16.25 39
Total number of byssal threads
attached to subsirate 1127 {n =40} 18 {n = 7}
Average number of successful
byssal thread attachments/
musse 28 3
Foot response: © 0 21 {atl dead)
1 z 11
Z 38 &




zinc represented the maximum allowable level in
the receiving waters. However, in view of the
known greater sensitivity of Tlarvae to trace
metal toxicity, it was considered appropriate
to define a mixing zone of 300 metres radius
from tHe centre point of the outfall diffuser,
beyond which an even stricter condition would
apply with regard to elevation of zinc levels
in the receiving water,

Standards for effluent components were set hoth
for the waste stream and for the receijving
waters. The standards set for the waste stream
were essentially the maximum levels provided by
the Applicant in the Environmental Impact
Report for the plant., The water right con-
dition governing the waste stream components is
set out below:

Special condition 13

That on the basis of 24-hour flow-proportioned
composite samples components of the effluent
stream as specified by the Grantee shall not
exceed the following total concentrations:

Component Maximum (g/m3)
Iron 3.00
iinc 4.00
Chromium G.30
Cadmium 0.02
Lead 0.10
Nickel 0.50
Copper 0.30
Phenols 0.01
Free chlorine residual 0.20
Halogenated hydrocarbons 0.0t
Methanol 10,00
Mo lybdenum 0.02
Tin 0.05
Hydrocarbons (less than) 5.00
A1floc 324 biocide 35.00
Nalco 7348 biodispersant 3.50
Nalco 7319 dispersant 8.G0
Nalco 7350 corrosion inmhibitor 46.00

The gutfall was reguired to have a minimum ini-
tial dilution of 1:150.

The condition regulating the effect of the
discharge upon the receiving waters incor-
porates several standards. These were derived
by consideration of:

{a) toxicological studies <conducted by the
Taranaki Catchmeni Commission and Regionail
water Board involving local species; and

{np} a review of international toxicological
literature {Taranaki Catchment Commission
1981).

The mixing zone and receiving water condition
ava cot mt halnw:e
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Special condition 22

That there shall be no contamination of marine
waters such that Tlocal populations of aquatic
life are significantly damaged or rendered unfit
for human consumption by reason of the effect of
this discharge beyond the edge of a zone of 300
metres radius from the centre point of the
diffuser; :

$pecial condition 23

That the discharge of wasig by the Grantee shall
not cause the following receiving water guality
1imits tc be exceeded at any place outside the
300 metre mixing zone as detailed in (22) above:

Component Maximum (mg/m3)

Zinc 10

Nicke? 2
Chromium 1.G
Copper 0.5

Lead 0.5

Tin 0.2
Cadmium 0.03
Molybdenum 15
Un-ionized ammonia 25

pH Ho variation from

© ambient pH by 0.2 units

Dissolved sulphides 100

These and several other recommendations
regarding conditions pertaining to the discharge
were adopted without change by the Planning
Tribunal when it anmnounced its cgnsents for ths
project.

gnvironmental controversy and ‘fast-track’
Tegislation: Having completed an eight week
enguiry into the application tc construct the
synthetic petrol plant, the Planning Tribunal
prepared a report and forwarded this, along with
associated recommendations on various consents
to the Minjster for National Develppment., With
regard to disposal of the 1liquid waste from the
plant via a marine outfall, the Planning
Tribunal reported that
‘Apart frem the total concept of the plant,
which is unacceptable to many objectors, this
aspect of the propesal gave rise to major
controversy....The general Motunui reef
system contains an abundance of sea life
which is an important food scurce for both
the Maori and the European races. The Te
Atiawa Tribe and 1its hapus have historic
associations with the coastiing in this area
and depend upon the sea resources to provide
them with the diet ito which they have been
accustomed for many centuries. Each hapu
has its own particular reef or area and Iri-
bal custom discourages members of one hapuy
from gathering food from the reef of another
hapu. Thus the contamination of one reef
would deprive the hapu which customarily was
entitled to the sea food from that reef,




oot

Although the Taw does not prevent the
gathering of sea food from anywhers along
the coast, the evidance indicated that Maori
custem, which is very strong amongst the
members of the Te Atiawa Tribs, would act as
an effective social prohibition.

The Maori people treal the resfs with the
greatest of respect insofar as cleanliness
is concerned: there are siringent tribal
Fules concerning the persenal hygiene of the
sea food gatherers which are incompaibible
with any discharge of sewage effiuent into
the ocean, no matter how well such effliuent
iz treated.’

Y....Tne Tribunal receives evidence for the
purpose of making a decision. The tiotal
impression left with us is that investiga-
tion into the effects of zinc has net pro-
ceeded to a stage where any expert can with
absolute confidence state that sublethal
damage would not occur within this important
marine environment. We fhave further
concluded that the potential effecis of the
biocide Nalco 7330 fequivalant to Alfioc 3243
on marine life are largely unknown. When we
add these two factors io the possibility of
accidental spillage of a compound such as
Nalco 7330 into the discharge system, we are
far from convinced that the suggested
discharge point is far enough away from the
reef system to guaraniee protection of
marine life. We have no evidence on the
engineering effects of any additional length
of pipeline or whether such an aadition is
feasible. We have, however, concluded that
we cannoi recommend the discharge as at pre-
sent suggested dn the aghsence of further
research.’ (Planning Tribunal 18810

nd Hegiona
cologically

&

The Taranaki Catchment Commission 1
Water Board was unable o
assess the bigoids prior fo

&
£
p tanning
Tribunal hearing due fo the inabild
3

+
L

4]

to ittty of the
Mew Zealand Synthetic Fuels Lorporation Limited
to procure a sample.  The public controversy
surrounding the biocide was based on a fear of
extreme toxicity to mariae 1ife, particulariy
edible seafoods; and 2 generally-held assump-
tion that zinc and the biogcide would interact
synergistically,

In the absence of information o the contrary,
the Planning Tribunal assumed a cautious atti-
tude, recommending & more remobe Jdischarge
lTocation. The outfall was exiended in lengih
by 300 metres, & decision tikely fo ¢ost the
Bpplicant in excess of NZ 31.5 million.

Working wunder the constrainis imposed by
fast-track’ tegislation both statutory
authorities and Planning  Tribunals must

cotlect, synthesise and digest a wide range of
information dealing with often complex projecis.
Decisions regarding consents, sspecially those
involving the discharge of complex wastes, may
be made using an inadeguate data base., In the
absence of sufficient toxicological information,

[¥¥]

o

a cautious approach to effluent dilution fac-
tors and receiving water efflyent component
standards is wise, However, mere absence of
information regarding an effluent component does
not imply that i represents an extreme hazard.
In such situations the decision-making process
should follow the patiern described in Figure 1.

The 'fast-track’ legacy: Acceptability of 2
discharge rests on two conditions:

. dilution of the substances which occur

naturally in  the ocean {0 near-ambient

fevels at which no sublethal foxicity wild
be experienced by marine organisms:

2, dilution and dispersion of potentially accu-
mulable waste components which may pose &
threat Lo:

{a} marine organisms;
{b) numan «consumers of contaminated sea
foods.

Acting on the unproven assumption that the

Siocide 1o be used in the synthetic petrol plant

was highly toxic tu marine gorganisms, the

Flanning Tribunal fuifilled the above conditions
by recommending an extension in the length of
the outfall, The lack of such caution when con-
sidering the environmental impact of a major
industrial project without the advantage of a
full toxicological appraisal could well isad to
inadequate protection of the aquatic environment
due to jnsufficient lead-time for investiga-
tions. On the octher hand, without the use of
the 'twice-through' decision~pathway cutlined in
Figure 1, it is possible for costly ‘over-
protection’ to be imposed by the courts due to
public controversy over the absence of foxicoio-
gical information regarding a critical waste
component .

Undar the terms of the Rational Development Act
{1979}, statutory authorities must prepare water
right conditions drrespective of whether they
consider thal a waste should be discharged at
levels or Jocations detailed in the application.
Pianning Tribunals presently have no power 1o
reconvene after the initial enguiry in order to
consider completad toxicological evaiuvations and
confirm or adjust discharge recommendations.

Following the Planning Tribunal hearing, initial
investigations have been undertaken regarding
the toxicity of the biccide Aifloc 324
{equivalent to Halco 7320},

Over-protection or  under-protection: the

cnce-througn ditemma:  Altioc 324 contains
S5-chiorg-Z-metnyi-4-isothiazolin-3-one {1.15 per
cent solution}, and Z2-methyi-4-isnthiazolin-3-one
10.25 per cent solution), It functions as a
broad-spectrum, non-cxidizing microbiocide, and
ts degraded by chemical, photochemical, and
biclogical mechanisms., According to the manu-
facturer the principal degradation pathway
invoives hydrolysis and Toss of chlorine and
suiphur  atoms to  ne-methyimalonamic acid.
Jegradation  then procesds  through  malonamic
acid, malonic acid, acetic acid and formic acid,
and finally to carbon dicxide.
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APPLICATION FOR CONSENT TO DISCHARGE WASTE

"Fast-track! legisiation invoked

No )
Yesjf j{
Limited toxicological assess- Full toxicoleogical assessment
ment of waste components of waste components using
using local species logal species

"

Review of international literature to establish
the hazard represented by the wasts

l

Planning Tribunail
{major inguiry)

l

End QEEEM Discharge approved ~f?w% Discharge provisionaily
approved pending
toxicological assess-
ment of un-examined
waste components

End Pianning NO Hazard Further toxicological
< Tribunatl : demonstrated assessment
{minor \:’ES\%
inguiry)
Planning Tribunal Censent refused
{major inguiry} T waste treated

T putfall redesigned
and/or relocated

Figure 1 OPTIMAL DECISION PATHWAY UNDER FAST-TRACK LEGISLATION. THE
STHICE-THROUGH PATHWAY SHOWN ALLOWS REASSESSMENT OF WASTE

DISCHARGE OPTIONS



When P. canalicuius were exposgd to Atfloc 324
at cohcentrations ap to 30 ml/m3 for four weeks
{13.23+2.57°C; pH = 8.1-8,2; alkalinity = 1l4-
119 g/md CaC03, dissolved oxygen = 7.72+1.71
pom); filtering activity remained unchanged,
clumping behaviour was not inhibited; byssal
thread proguction and attachment were normal;
and no mortalities occurred (Table 16). It is
apparent from these results that zinc s many
times more toxic to P. canaliculus than the
biocide. T

LARVAL STUDIES

Acute bioassavs
e conditions and results cof 1, ang 3 hr-

(C50 tests and 10, 30 and 300 ml/m LT50 tests
of Alfloc 324 toxicity to nauplit of Elminius
modestus are given in Tables 12 and 13.

The nauplii which collected in the hottom frac-
tions during exposure to the biocide were not
only those that were killed, but also those
that were weakened and rendered unable to main-
tain their positive phototactic response. Such
a sublethal effect is of obvious disadvantage
to nauplii that must remain in the surface
Jayer of the sea in order to successfully
settle in their natural habitat.

The results of tests involving aduit mussels and
barnacle naupiii indicate that Alflec 374 is not
highly toxic to either Tarval or adult stages of
marine invertebrates.

1n order te compare the relative toxicities of
Alfloc 324 and zinc to nauplii, tests were per-
formed on E. modestus nauplii exposed %o zinc.
The conditions and results of 1, 2 and 3 hr-1.C50
teits and 1, 3, 5, 10 and 30 mg/l LT50 tests of
ne* (as ZnSCg.7H20) toxicity to nauplii of E.
modestus are given in Tables 14 and 15, These
Fesults show zinc te be 23, 13 and & times more
toxic to E. modestus napulii over 1, 2 and 3 hr
gxposures respectively.

conclusion: It will rarely be possible for
FulT “Toxicological hazard assessment 1o be
compressed into the brief time available for
investigations under fast-track Tegislation
such as that recently introduced in New fealand.
Experience gained while processing the applica-
tion for a right to discharge liguid wastes from
the New Zealand Synthetic Fuels Corporation
Limited's synthetic petrol plant at Motunui has

kighlighted the need for provision of a 'twice
through' consent hearing process. A ‘twice
through' appraisal process would help to avoid
aither:

(a) under-protection of the aquatic envircnment;
or
often 'over-

{b) unnecessary  and costly

protection’'.

N.B,

144

ACKNOWLEDGEMENTS

I would tike to express my gratitude to Susan
Begg, Catherine Sharp, Tony Webster, Eddie
Grogan and the toxicology technicians for con-
ducting laboratory tests; Jonn Williams for
chemical analyses; dJehn Paynter for provision
of computer programs; and Vanessa Alien for
preparation of this manuscript. :

These investigations were funded by the New
Zealand Synthetic Fuels Corporation Limited,

Finally, 1 would like to thank the Manager of
the Taranaki Catchment Commission and Regional
Water Board, Mr J V Douglas, for the oppor-
tunity to conduct this research.

REFERENCES

American Public Health Association. 1976,
Standard methods for the examination of
water and wastewater. i4th Edition.
American Public Health Association,
American Water Works Association, and
Water Poliution Control Federation,
Washington.

Donahue, W. H., R. T. Wang, M. Welch, and J. A.
Kicotl. 1977, Effects of water soluble
components of petroleum oils and argmatic
hydrocarbons on barnacle larvae. Environm.
Poltut. 13{3): 187-201.

Litchfield, J. T., and F. Wilcoxon. 1949, A
simpiified method of evatuating dose-effect
experiments. J. Pharmac. Exp. Theor, 97:

99-113.

Marking, L. L. 1976, Method for assessing
additive toxicity of chemical mixtures.
In: ‘Aguatic Toxicology and Hazard
Fvaluation. Proceedings of the First
Annual Symposium': 97-108.

Planning Tribunal of New Zealand {No. 2
Division). 1931. Report and recommen-
dations of the Planning Tribunzl to the
Minister of National Development. In the

matter of the Mational Development Act 1979
and in the matter of an application by New
Zealand Synthetic Fuels Corporation Limited
that the provisiens of the Act be applied
to certain private werks.

Taranaki Catchment Commission. 19s1.
Toxicology. Water resource investigations.
Synthetic petrol plant - Motunui. Taranaki
Catchment Commission, Stratford, New
Zealand.

The names Aifloc and Naico are registersd trademarks of
Catolbeum PGY Lid.



145

A PRELIMINARY EXAMINATION OF THE EFFECTS OF ETHYLENE DICHLORIDE
ON THE HATCHABILITY OF COHC SALMON EGGS (ONCORHYNCHUS KISUTCH)

Bruce J. Reid, J.D. Morgan and M.A. Whelen

E. ¥. S. Consultants Limited, Edmonton, Alberta

REID, Bruce ., J.0. MORGAN and M.A. WHELEN. 1982. A preliminary examination of the effects
of ethylene dichloride on the hatchability of coho salmon eggs (Oncorhynchus kisutch).
Can. Tech. Rep. Fish. Aguat. Sci. 1163.

The effect of ethylene dichloride (1, 2 dichlorosthane) on eyed coho salmon eggs {Oncorhynchus
kisutch) was examined. Llaberatory studies were conducted at 3° € in darkness using 21-day
continuous exposure static replacement, and 1-hour siug dose bioassays. FEggs exposed fto a stug
dose of 100% ethylene dichloride for 1 hour died within 8 hours of exposure. Continuous exposure
of eggs to 320 and 560 ppm ethylene dichloride resulted in 100% egg mortality within 8-9 days
while partial mortality (46% average) occurred in the 180 ppm concentration over 21 days.
Successful hatch {96% average) occurred in 56 ppm ethylene dichloride, but was severely reduced
in 150 ppm (7% average) where the majority of the embryocs died upon natching. Alevins exposed to
concentrations of 56 and 150 ppm ethylene dichloride died within 3 and & days, respectively of
hatching. Results indicate that eyed coho eggs are less sensitive to ethylene dichloride than
natched alevins and that concentrations of less than 56 ppm would be required to obtain successful
embryo fo juvenile survival during continuous exposure to the chemical.

Key Werds: Coho salmon, Oncorhynchus kisutch, ethyiene dichloride, egg mortality, alevins,
Juvenile survival.

REID, Bruce J., J.0. MORGAM and M.A. WHELEN. 1882. Exemen preliminaire des effets du bichlorure
diethylene sur 1'eclosion des oeufs du saumon coho {Ongorhynchus kisuteh). Can. Tech. Rep.
Fish. Aguat. Sei. 1183.

L'examen porte sur les effets du bichiorure d'éthyigne {1,2 bichiorogthane} sur les peufs
de saumon au stade ol les yeux sont visibles, L'étude est faite en laborateire, @ ta notirceur,
& une température de 3° ¢ pendant une péricde de 21 jours, par Ja méthode diexposition continue
et de remplacement statique, avec des tests de dosage 1étal de 1 heure. Les oeufs exposés a
une dose letale de bichlorure d'éthylene meurent en moins de 8 heures. L'exposition des oeufs
4 une solution a teneur de 320 & 350 npm sn bichlorure d'éthyléne entraine ta mort de 100 p. 100
des speéciments en moins de 9 jours, et & 150 ppm, entraine fa mort d'une partie des spécimens
{46 p. 100 en moyenne) sur une periode de 21 jours. Dans un bain 2 feneur de 56 ppm de
bichlorure d'éthylene, 1'éclosion se produit dans environ 96 p. 100 des cas; dans un bain &
teneur de 150 ppm, )'éclosion est gravement veéduite (jusgu'a 7 p. 100 en moyenne) car ia majorité
des embryons périssent au moment de 1'éclosion. les alevins exposés a des solutions d'une
teneur de 56 pom et de 150 ppm meuvent, respectivement, 9 et € jours aprés 1'gcioston. Les
résultats sembient indiguer que les ceufs du saumon coho au stade ol Tes yeux sont visibles
sont moins sensibles au bichlorure d'&thylane gue les jeunes alevins et gue la concentration doit
&tre inférieure & 56 ppm pour permettre la survie Jors du passage du stade embryonnaire au
stade d'alevin dans le cas d'une exposition continue au produit.
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INTRODUCTION

Ethylene dichloride (i, 2 dichloroethane) is a
colorless oily liquid used as a solvent and in the
production of vinyl chlorides, paints, floatation
reagents and scouring compounds {Hawley, 1977}
information concerning the toxicity of this compaund
to aquatic biota is mainly limited to fish. The 26-h
L 50 values ofter exposures to ethylene dichloride
range from 150 to 336 ppm for juventle rainbow
trout (R. Watts, pers. comm.; Bartiett, 1272} and
from 150 to 175 ppm for marine pinfish (McKee and
Wolfe, 1963), Recent studies using previously
unexposed sockeye salmon alevins and fingerlings
(Oncorhyn)chus nerkal, pénk salmon )fry {Q.
gorbuscha) and water fleas (Da hnig pulex) resulted
n 96-h LC50 values of 400, 235, 350 and 390 ppm,
respectively (J.A. Servizi and D.W. Martens, pers.
comm.t.

On March 03, 1982 sixteen roilcars containing
ethylene dichloride overturned spilting approximately
500,000 L. of the cempound into the ice covered
Morth Thompson River, B.C, Concern was expressed
as to the effect of this chemical on water quality
and fish species indigenous fo the MNorth Thompson
River. This study was therefere initiated to
determine the effects {if any) of ethylene dichloride
on the eyed egg-to-fry survival of coho salmon
{Oncorhynchus kisutch), o commercially important
species which spawns in the mainsfem North
Thompson River and tributaries (Scott et al., 198203
1982b).

METHODS
COHO EGG ACQUISITION

Eyed coho salmon eggs {Oncorhynchus kisutch) were
obtained from the Capilano River hatchery, North
Vancouver, B.C. on March 29, 1982, [Lggs were
wrapped in cloth to minimize movement and
physical damage and transported to the laboratory
facilities in o water filled "Heath" incubation tray.
The eqgs were then transferred to a 38 L aguarium
containing aerated dechlorinated tap woter and
acclimated in darkness for 48 hours at 30C prior jo
testing.

TEST TOXICANT - ETHYLENE DICHLORIDE (i, 2
DICHLOROETHANE)

Production grade ethylene dichloride similar to that
spilled in the Nerth Thompson River wus cbtained
from Dow Chemical of Canada Litd., Morth
Vancouver, B.C. on March 30, 1982, The chemical
was stored in sealed glass bottles ai 3°C for the
test duration.

EGG HATCHABILITY TESTS

Continuous Exposure Tests

Continuous exposure eqg hatchability tests were
conducted in 38 L glass aouaria filled with 20 L of
solution. Serial dilutions of ethylene dichloride were
prepared by withdrawing one lifre of water from
each gguarium and pipetting o predetermined volume
of ethylene dichloride info the one litre sample. The
solution was vigorously mixed and added to the

remaining water to obtain the desired concentration.
The test concentrations included 56, 150, 320, and
560 ppm and represented values greater and less
than 96-h LCB0 ethylene dichloride concentrations
for juvenile rainbow trout (Ron Watts, pers. comm.).
Controls consisted of dechlorinated city tap water.
Atl tests were conducted in duplicate fo aliow for
natural varigtion in hotchability. Test solutions
were ph unadjusted and unaerated fo minimize
volatiiization of the chemical. Dissolved uxygen ond
pH were measured of experiment initiation and
completion. Tests were conducted at 3,0 + 0.50C in
darkness to simulate natural conditions.

Fifty eyed coho eggs were placed in each fonk In g
25 x 25 cm mesh covered Incubation fray which was
suspended .5 cm above the agquaria bottem to
maximize exposure to the toxicant and focilitate
mortality checks. In the 56 ppm and conirol groups
the trays were removed after hatching had pccurred
to minimize possible damoge to the alevins, Coho
egg loading density for each fest aquaria was
maintained at < 0.5 g/l.  Tast solutions were
changed daily (80% replacement} to ensure exposure
to fresh toxicant.

Eqg mortality, hatchobility and alevin survival were
recorded daily. Egg mortality was based on lack of
movement and fotal opaqueness of the embryo.
Hatchability was based on the rupturing of the egg
chorion by the embryo and subseguent alevin
survival at time of hatch.  Alevin mortality was
determined by lack of body movement and heartbea!
and by body rigidity and apaqueness. Sublethal
effects inciuding abnormal alevin swimming behav-
iour were also noted. Tests were conducted until
hafching was completed in cenfrol tanks or
eqggs/alevins had ail died in toxicant exposure tanks
(21 days).

Slug Dose Tests

in addifion o coniinuous exposure iests, a "slug
dose” experiment was conducted io simulate "worse
case' chemical spill conditiens. Fifty eved eggs
were exposed to one litre of 100% ethylene di-
chloride for a ome hour period in o sealed, one litre
glass jar. Tests were as previously described except
that the test soclution was slightly aerated through a
pasteur pipette placed through the fid of the jar to
maintain dissolved oxygen levels. Affer one hour,
the eggs were transferred to o 38 L glass aquarium
filled with 20 L of dechlorinated fap water. Eag
survival was recorded at 1, 2, &, 8, 24, 48, 7Z and
96 h, Tests were conducted in duplicote fo
determine natural survival varichility.

CHEMICAL ANALYSIS

Water samples (25 ml) were removed at 0, 12 and
24 hours from 56, 150 and 550 ppm tenks and
analysed to determine actual test concentrations of
ethylene dichloride over the first 24 hours. Stai-
istical differences belween predicted and actual
concenirations were determined using the student's
"4 test.  Samples were collected centrally and mid-
depth in each tank, placed in 25 mi glass vials with
teflon septums and analyzed by purge and frap
method employing gas liguid chromatography with
flame jonization detection. Distilled water bianks
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were analyzed concurrently with each sample.
RESULTS AND DISCUSSION
PHYSICAL AND CHEMICAL CHARACTERISTICS

Dissolved oxygen levels remained at saturation
(>13.5 mg/L) in ol aguerio for the test duration.
Solution pk ranged from 5.3 (560 ppm) 1o 5.8
{controls) in the continuous exposure tests; pH of
the 100% ethylene dichloride somple was 5.5

Actual concentrations of ethylene dichloride over
the first 24 hour period in continuous exposure tests
are summarized in Table {. Expected and actual
concentrations of ethylene dichloride did not differ
significantly (p »0.05) throughout the 24 hour
period, and volatilization of the chemical, therefore,
was not substantial

EGG SURVIVAL

Slug Dose Experiments

Fggs exposed to 100% ethyiene dichioride (EDC) for
| hour then placed in freshwater began dying within
4 hours; 100% mortality occurred 8 hours after
initial exposure to the chemical. Results show that
100% EDC exposure times of less than | hour would
be required to achieve survival and haichability of
coho eggs.

Continuous Exposure Tests

Egg mortality in 150, 320, and 560 ppm EDC begon
after 6-8 days exposure. One hundred percent
mortality occurred in eggs exposed to 320 and 560
ppm after 9 and 8 days, respectively, while 56% eqg
mortality occurred afier 21 days of continuous
exposure to 150 pom. Timing of hatch ond numbers
of egg survivors was consistent between replicates
with the exception of 150 ppm. Egg mortalities did
not occur in 56 ppm or controls.

Bartlett (1979) and Watts {pers. comm.) reported
EDC %6-h LCS50 values of 336 and 150 ppm,
respectively, for juvenile reinbow trout which
suggests that solmonid eggs may be less sensitive io
EDC than the juvenile life stage. The fertilized
egg of many fish species is well protected ugainst
pollutants by a gelatinous membrane which may cct
as a physical andfor chemical barrier {Rosentha! and
Alderdice, 1976}, For example, dgcute toxicity
studies with tropoione, o wood extractive, and coho
eggs, alevins and juveniles indicated that eyed eggs
were the least sensitive life stage (Peters et al.,
{974). Similarly, Klaverkamp et at. (1977} reported
that rainbow trout eggs were the least sensitive
stage when compared to alevins, juveniles und adults
after exposure to Fenitrothion, an organic pesticide.
Further studies should examine the effect of EDC
on egg survival from fertilization through embryonic
development.

EGG HATCHABILITY

Results of egg hatchability affer exposure to
ethylene dichloride are summarized in Table 2,
Figures | and 2. A 100% viable hatch cccurred in
controt tanks; hatching commenced after 4 days and

peak hatch sccurred 6-7 days following test initi-
ation. A slight reduction to 96% viable hatch
cccurred in egqgs exposed to 36 ppm, whereby an
average of 4% of the embryos died immediately
upon hatching. Eggs in 56 ppm began hatching
after 2 days, while peak hatch occurred 3.5 days
after exposure to the foxicont, 1-4 days earlier than
in the control tanks (Figure Z}. in |50 ppm the
average percent vigble hatch was reduced consid-
erably to 7% and was complete within 7 days of the
initicl exposure, following which time the remaining
embryos died immediately upon (47%) or prior to
{86%} hatching. Peck hatch occurred 8-13 days
after the initial exposure to (50 ppm. As pre-
viously mentioned, all eggs exposed to EDC con-
centrations of 320 ppm and 560 ppm died 8-% days
after initial exposure. No clevin emergences were
ohserved in these test concentrations prior to egg
death.

Results of previous studies with cohe and Atlontic
salmon show a reduction of viable hatch ot 4.4 ppm
polychlorinated biphenyl (Halter and Johnson, 1974}
and 0.01-0.10 ppm cyenide {Leduc, 1978). Larsen et
al. {1977) found chloride concenirations up fo 47 ppb
did not affect survival or hatchability of coho
saimon eqggs. Premature hatching as observed in 56
ppm EDC has been recorded in previous hatchability
studies with coho, pike and herring eqgs {Halter and
Johnson, 1974; Rosenthal and Sperling, |974;
Westernhagen 2t al,, [975). A possible explanation
for this response is an alteration of the egg surfoce
due to the toxicant, decreasing the permecbhility of
the chorion to oxygen thus inducing early hatching
{Halter and Johnson, 1974). Reduced permeability
may also be responsible for egg mortality prior to
hatching. The response of larvae dying immediately
after emerging their heads hos been recorded by
other authors {leduc, 1978; Servizi ond Martens,
1978). Servizi and Martens {1378} suggest this
response is due to a toxic effect on enzymatic
processes which promote softening of the egg
capsule prior to hatching. Improper softening of the
eqgg wall could inhibit complete cievin emergence
with death resulting from suffocation or direct
centact with the chemicaol.

ALEVIN SURVIVAL

Results of alevin survival are presented in Table 2.
Alevin mortality did not occur in control tanks
during the 2! day exposure. Within one week of
hatching, clevins exposed to 56 ppm exhibited
sublethal effects including lethargy and disequilibria.
Following this period accelerated alevin mortality
was observeds 100% mortality occurred 9 days after
hatching., Alevins exposed to 150 ppm became
lethargic immediately following hatching; 100%
mortality occurred 5-6 davs later. Since 100%
alevin survivael occurred in coniroi tanks, all
mortalities were directly atiributable o the toxic
effectls) of ethylene dichloride.

Results of the present study are consistent with
those previously conducted (Hgiter and Johnson,
1974 Klaverkamp et al, 1377; Peters et al,, 1976},
whereby the hatched alevin stage was found to be
more sensitive io pollutanie than the salmonid egg.
The sublethal effects of ethylene dichloride on
alevins {iethargy, disequilibria) were also observed by
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Servizi and Martens (pers. comm.} while festing the
effects of EDC on sockeye and pink salmon early
life stages {alevins, fry, fingerlings) and have been
reported for other organochlorine toxicants {(Hatter
and Johnson, {9745 Mount, 1962).

The sensitivity of the coho alevins to ethylene
dichloride is comparable to recently reporied
toxicity values for previously unexposed juvenile
rainbow trout {96-h LC50 = 150 ppm; R. Watts,
pers. comm.) and sockeye fingerlings (96~h L.C50 =
235 ppm; Servizi and Martens, pers. comm.). The
coho alevins were found o be more sensitive than
reported EDC toxicity volues for sockeye clevins,
pink fry and the invertebrate Daphnia pulex with
9¢.h LC50's of 400, 350 and 390 ppm, respectively
{Servizi and Martens, pers. comm.) and earlier
reported values for juvenile rainbow trout {(96-h
L.C50 = 336 ppm, Bartlett, 1972). The apparent
variation in sensitivities could be atiributed fo the
behaviour of ethylene dichloride when mixed with
water {i.e. volatitization) ond the type of tests
conducted (static vs. 24 h replacement in the
present study). The apparent increased sensitivity
of coho compared to sockeye alevins and pink fry
may also be attributed to the continuous exposure
from the egg stage and toxicity due to bioaccum-
ulation of EDC during the study period. Further
studies should inciude the acute toxic effects on all
earty life stages of salmonids {egy fo juvenile) after
slug dose exposures to aid in impact assessment of
chemical spilis.
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TABLE 1

CONCENTRATION OF ETHYLENE DICHLORIRE OVER A 24 HOUR
PERIOD DURING CONTINUOUS EXPOSURE TESTS

Expected Actual
Time Concentration Concentration
{hr) {ppm) {ppm)
0 56 R4* (52-5p)**
150 100* (98-103)**
560 375*% (36H-385)**
12 56 79% (79-80)%*
150 105
560 534
24 56 73
150 124
560 539

* mean of duplicate analysis

** pange
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TABLE 2

SUMMARY OF EFFECTS OF ETHYLENE DICHLORIDE ON EYED COHO EGGS

Ethylene Dichloride
Concentration

Actual

Expected
{After 24 hrs)

Test

Response and Comments

0 ppm 0
(Control)

56 ppm 73
150 ppm 124
32C ppm n.d.
560 ppm 539
100% n.d.

21 day static replace-
ment
eqg - altevin biocassays

21 day static replace-
ment
egg - alevin bioassays

21 day static replace-
ment
egg -+ alevin bicassays

21 day static replace-
ment
egg - alevin biocassays

21 day static replace-
ment
eqg -alevin biocassays

1 hr slug dose then
freshwater

100% hatch

time to initial hatch = 4 days
time to peak hatch = &6-7 days
100% alevin survival

100% hatch {96% live, 4% dead}
time to initial hatch = 2 days
time to peak hatch = 3-b days
1004 alevin mortality 9 days
after hatching

54% mean hatch {7% live, 47% dead)
time to initial hatch = 2 days
time to peak hatch = 3 days

100% alevin mortality & days

atter hatching

46% egg mortality after 21 days

100% egg mortality after 9 days

100% eqgg mortality after 8 days

30% egg mortality 3 hours after
1 hr exposure to EDC

100% egg mortality 7 hours
after 1 hr exposure to EDC

n,d.= not determinad
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Figure 1. Mean percent coho egg hatch from eved stage in various
concentrations of ethylene dichloride.
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EVALUATION OF LEVELS AND KINDS OF TOXIC EFFECTS ASSOCIATED
WITH CHEMICAL FRACTIONS OF SEDIMENT FROM TOBIN LAKE, SASKATCHEWAN

2
M.R. Samoiloff!, E. Arnott!, G.R.B. Webster’, J. Bell> and D.A. Birkholz”

]Dept. of Zoolegy, University of Manitoba, Winnipeg, Manitoba

2Pest1ciée Research Laboratery, University of Manitoba, Winnipeg, Man.

3Environmenta? Protection Service, Edmonton, Alberta

SAMOILOFE, M.R., E. ARNOTT, G.R.B. WEBSTER, J. BELL and D.A. BIRKHOLZ. 1982. Evaluation of levels
and kinds of toxic effects associated with chemical fractions of sediment from Tobin Lake,
Saskatchewan. Can. Tech. Rep. Fish., Aquat. Sci. 1163,

Twa short-term biclogical tests, the Salmonella typhimurium {Ames) test for mutagenesis and
the Panagrelius redivivus {nematode) developmental assay were used on chemical extracts of Tobin
Lake, Saskatchewan,sediment samples. Two types of biclogical effect could be detected with
$. typhimurium; (1} cytotoxic effects, Timiting bacterial growth, and (2) mutagenesis. The
Panagrelius redivivus developmental assay detects 4 types of effect (in decreasing corder of
priorized risk) : (1) lethality, (2} sublethality, {3) inhibition,{4) mutagenesis. The chemical
extraction pretocol invelves both differential solubility and elutability from Florasil. Sites
pear the point where the Saskatchewan River enters the lake show maximal toxic effects in a neutral
fraction elufing from florasil with 1:1 hexane-dichloromethane. Sites further downstream show
toxicity associated wtih more polar fractions. Fifty-four potentially toxic_compounds were
identified in the toxic neutral fraction from the upstream sites although only 5 compounds were
found in the toxic fraction from both upstream sites. These compounds are 2-nonenal, hexyl-3 methyl
cyclopentane, 1,9-nonanediol, tetradecancl and benzaldehyde.

Key Words: Salmonella typhimurium, Panagrelius redivivus, cytotoxic effects, mutagenesis, Ames test,
Z-nonenal, hexyl-3 metnyT cyciopentane, 1,9-nonanedicl, tetradecancl, benzaldehyde.

SAMOILOFF, M.R., E. ARNOTT, G.R.B. WEBSTER, J. BELL and D.A. BIRKHOLZ. 198Z. évaiuation de la
nature et de la gravité des effets toxiques associés aux fractions chimiques tirés de
sédiments en provenance du lac Tobin {Saskatchewan)

Des extraits chimiques d'échantillons sédimentaires provenant du lac Tobin {Saskatchewan)
sont soumis & deux analyses biologigues & court terme: le teste de mutagénese de Salmonella
typhimurium (Ames) et 1'analyse de croissance du Panagrellus redivivus (nematode). Deux effets
bioTogiques resultent du test de Salmonella typhimurium: T) Tes effet cytotoxiques, limitant
1a croissance bactérienne et 2) 1a mutagéndse. La deuxiéme analyse a quatre effets, énumérds ici
par ordre décroissant de gravité: 1) la Tetaliteé, 2) la sublétalité, 3) 1'inhibition et, 4) 1a
mutagenése. La méthode d'extraction des substances chimiques se fonde a la fois sur Tes diffédrences
de solubilite et sur la possibilitd d'élution & partir de florisil, Les sites se trouvant a
proximité de 1'embouchure de 1a Saskatchewan sont ceux ob les effets toxiques sont Tes plus
marques dans une fractien neutre €lude A partir d'une colonne de florisil, Je rapport dhexane au
dichloromgthane étant de 1/1. Aux sites d'aval, le niveau de toxicité est 1ié a des fractions
olus polarisées. Cinguante-guatre composés & potentiel toxigues sont repdrés dans 1a fraction
toxigue neutre tivee des sites d'amont, bien gue seulement cing d'entre eux, le nonanol-Z,

Te hexyl-1 methyl-3 cyclopentane, le nonanédiol-1,9, le tétradécanol et le benzaldehyde, se
retrouvent dans la fraction toxigue tirée des deux sites d'ament.
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INTRODUCTION

in close proximity
may  contain
contaminating

A
these
have

Any aquatic system
to  human  activity
Titerally thousands of
chemicals and their by-products.
very  limited number  of
contaminating chemicals will
sufficient known toxic effects o be
ptaced on a toxic chemicals Tist, and
still fewer c¢an  bes  gffectively
controlled by existing iegislation.
The major problem in such contaminated
systems s to determine and contrgl
those components  of the contaminated
system that pose the greatsst risk to
biological systems. Two methods  of
determining such risk are at present
widely used. The First involves the
determination of chemical species
present in  the system,  and matching

these chemicals to & previously
established toxic chemicals 1ist. The
second method  involves the in situ

of  specific indicator
in the contaminated
environment to detect toxic effects of
chronpic  exposure 1o the battery of
contaminants. Both wmethods  have
strong advocates and opponents, and we
will not comment Turther on these two
approaches.

monitoring
organisms

As 8 third method for determination
of those agents contributing to risk,
we have devel oped a protocol involving
chemical fractionation of
envirenmental samples, coupled with
biolongical testing of thess fractions.
This protocol permits us to utilize
the biological data to sstablish which
components of the contaminated system

Protection Service,
***Peasticide Research Laboratory, UﬁzV@ﬂ”1+y a

L

Edmonton

7 hu)OSa a

st orisk.

pose the create

This  protocst involves: {13
fractionation on the basis of
1Ffe“e tial selubitity of extracts
from  Sediment sampies  from a

cont am!ﬁa*ed aguatic ecosystem, (2} the
bioassay of éacn fraction to ascertain
the relative toxicity of each and{3)
the identi f:cat:cn of the components
of  the major  toxic Fraction.
Fractionation of the original extract
reduces the  total number of
contaminants tested in each fraciion.
The fraction showing greatest texicity
can be re-fraciionated to again reduce
the number of contaminants present,
until the actual toxic materials can
he ideptified.

Twr bioassay methods  are utilized.
The Saimonelia uvgh?mtriam test (1,2}

is used 1to detect mutagenssis. The
fres~tiving nemaloda, ?§%¢Gf£§1ji
redivivus, s used to det aethal,

semil e*ha?, deve;oamsnta!, and

aengtoxic effects {3).

il - 4 3
As materz&;

studt of & we ﬁava
segec en sediment from  Tobin
Lake, on the Saskatchewan River, which
is  exoosed o contaminants  from
agrﬁﬁa“tnres mining, petrochemical
indust *es, oulp and paper mills, and
municipatities. Tobin Lake represents
a major sink for thess contaminants.
From this extensive range of sources
of contamination, we are attempiting to
focus on those compounds  that
represent the dreatsst potential risk.
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MATERIALS AND METHODS
SAMPLING PROGRAM

The inttial studies reported here were
made with sediment samples taken from
Tobin Lake at sites designated Site A,
Site B, Site C, ang Site D.

Site A is near the upstream end of
Tonin Lake, where the Saskatchewan
River flows into the lake. The site

designated Site B is situated
approximately 12 km downstream from

Site A. Site C is at approximately
the mid-point of the lake. Site D i3
in the furthest downstream region of

Tobin Lake. Site A represents the
region of maximum flow of water into
the lake, while Site D represents the
region of minimal flow.

Sediment samples were coliected by
Eckman dredge, and temperarily held in
polyethylens bags. These samples were
gquickly transferred to pre-cleaned
tin-plated cans. Samples in the cans

were frozen and stored at -40° C,
prior to analysis .

CHEMICAL EXTRACTION PROCEDURES

Samples were  thawed at room
temperature, lyophilized, and then

homogenized by placing in a soil
roller for 4h. Fach sample was
divided into five replicate portions,

each weighing approximately 40g. Each
replicate was  re-hydrated with
organic-free water to raise its
moisture content to  25% and then
extracted following the protocol
described helow.

1. The rehydrated replicate  was
Soxhlet extracted in acetone~
hexane {1:1) for 24h. The
extracted sediment was retained
for further extraction (point 5
below).

2. The acetone-hexane extract  was
preconcentrated and partitioned
into organic-free water. The

water was adjusted to pH 7.0 and

3.

&)

b}

)

a)

extracted with dichloromethane.
The aqueous phase was retained for
further axtraction {point 4
below}.

The dichloromethane extract,
containing neutral cempounds, was
dried by passage through a column
of  anhydrous sodium  sulphate,
nreconcentrated, and the
dichloromethane evaporated
£allowing addition of 10mi hexane.
This hexare solution was applied
to a 10g Florisil celumn (5% water
deactivated).

Material eluted from the Florisi]
column by 160ml hexane was
termed Fraction 1.

Material eluted from the Florisil
column by 160mb 1:1 hexane-
dichloromethane was designated
Fraction Z.

Material eluted from the Florisil
column by 200ml.
dichloromethane was designated
Fractien 3.

Material eluted from the Florisil
column by 200mb methanol was
designated Fraction 4.

The acueous phase of the original
dichioromethane extraction {Step
2) was further fractionated as
follows:

The aqueous phase was adjusted to
pH greater than 11 by addition
of 84 sodium hydroxide, and
extracted with
dichloromethana. The
dichloremethane was  removed
and the extracted material,
containing strong bases, was
designated Fraction 5.

Tne agueous phase was adjusted to
pH less than 2 by addition of

6N suifuric  acid, and
extracted with
dichicromethane. The
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dichlioromethanse was removed
from the  extract. This
extract, containing strong

acids, was designated Fraction

13

5. The extracted sediment {point 1}
vas extracted with methanol for
Z24h, This methanol extract was
termed Fractien 7.

6. The remaindsr of the  agueous
extract was returned to pH 7.0,
and designated Fraction 3§, the
hydrophilic compounds.

exchanged into
biclogical

Fractions 2«7 were
dimethylsulfoxide for

testing. Extracts were diluted 1:1 in
DMSC  and evaporated at 70° € until
only the wvolume of DMSD remained.

Fraction 1 was tested in hexane, while
the aqueous Fraction 8 was tested as a
water extract,

THE Panagrellus redivivus ASSAY

Detailed descriptions of culture media
and methods for the P. redivivus assay
have been previously presentad (3).
In brief, the test involves exposing a
synchronousty growing population of
second stage juvenile nematodes to the
test extract for a 96h growth periad,
and comparing the growth and survival

of these animals to control
populaticns. There are  four post-
embryonic stages (L2, L3, L4 and

characterized by &
Growth from one

adult), each
specific size range.
stage to the next reguires normal
physinlogical and informational
processes; growth will De inhibited if
these processes are bhlocked or
inhibited. The stage distribution of
test and control animals represents
the primary set of data from which

toxicity is determined. The stage
distribution can be analyred to
provide evidence for four distinct

toxicological effects:

1. Lethatity, in which 100% of the

tested population does nol survive
the  arowth period, with  no
significant  decresse in  the
survival of the control
population.

2. Semitethality, in which a

significant proportion of the test
populatioen dies, while the control
population has no  significant
death.

3, Inhibition, in which the proportion
of growth to  each stage s
inhibited relative to controis.
This effect  indicates that
exposure to the tested material is
inhibitory or debilitating to
normal physiological processes.

wihich 13 manifested
as the specific inhibition of the
molt fTo the adult stage, vrelative
to controls. Growth through the
final molt reguires extensive gene
expreassion, and this growth is
highly sengitive to known
mutagens. In  this  context,
genotoxicity refers to blockage in
the utitization of genetic
information, gither via
mutagenesis or inkibition of RNA
or protein synthesis.

4, fGenctoxicity,

The degree of toxic effects produced
by different fractions can  be
determined by the exiant to which the

test population distribution varies
from the control population
distribution. Une method of

5 deviation s by
caiculating 442  chi-square value
representing the stage distributions
of tast and contrel populations. The
chi-square value 1s used as a scalar
guantity, with  greater values
representing increased toxicity.

expressing  thi
a

Blind coded Tobin Lake extracts.
and identified controls containing the

appropriate solvents exchanged into
appropriate carriers, were diluted
1/126 in M9 phosphate buffer ([4)

containing 0.5ug/ml  cholesterol and
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Smg/mi autoclaved yeast. This diluted
test or control extract was used as P.
redivivus growth medium. A total of 5
tests, each consisting of 10
replicates of 10 animals each, were
nerformed for each tested fraction.

THE Salmonella typhimurium ASSAY

performed  using S.
strains TA1535,  TA1537,
TA1R38, TA98, and TAL0O, each strain
being used hoth with and without 39
activation (2). The 5% was obtained
from homogenates of Tiver from rats
activated by Arochlor. The addition
of 39 in the S. typhimurium assay
detects the metabolic conversion of a
promutagen to a mutagenic substance,
Fractions 2«7 were diluted 1:8 in
dimethylsulfoxide for testing.
Fraction 1 was diluted 1:8 in hexane,
while Fraction 8 was tested undiluted.
Each diluted extract was applied to a
test plate in 20pb, B50ul, 100uL, or
200pL aliquots by the plate
incorporation method. Preliminary
studies showed that 100ui aliquots of
DMSO had no detectable genotoxic or
cytotoxic effects.

Tests are
typhimurium

respenses to the
determined. The
criterion used in  this study for
genotoxicity of a particular extract
was a minimum of a three-fold increase
in revertant colonies at a high
concentration of extract, or in two
successive concentrations. Inhibition
was indicated by either a reduction in
revertants at higher concentration or
the cell lawn

Two types of
extracts were

as a reductien in
density as indicated by microscopic
examination.

RESULTS

THE P. redivivus ASSAY
The nematode assay indicates that the
most toxic components in Tobin Lake
sediments are associated with the
further upstream sites (Table I). At

Fraction 2 is the
component  is

the upstream sites,
most  toxic. This
semilethal in the sediments from the
furthest upstream sampie site (Site
AY, producing 83% mortality in 96
nours (chi square=268}. Further
downstream, at Site B, Fraction 2 is
sti11 the most toxic, but at this site
Fraction 2 is  inhibitory {chi~
square=360), with only 26% mortality
after 96 hours. At the upstream
sites, the water soluble fraction
{Fraction 8) 1is the second most foxic
fraction, producing developmental
inhibition with a chi-square value of
approximately 160 at both upstream
sites. Fractions 3 and 7 aiso produce
highly significant developmental
inhibition at the upstream sites. By
the mid region of the lake {Site L),
and further downstream (Site D),
Fractions 2, 8, 7 and 3 had no
detectable toxic effects.

The changing pattern of  toxic
effect with position in the lake is
shown by the following ranking of the
toxic effects by fraction number at
the sample sites {moving from upstream
to downstream sites):

SITE A: 2>8>3>7

SITE B: 2>8>7>3

SITE C: &

SITE D: 5»4>1

at Sites C
that found

Tne total toxicity found
and D was much lower than
at the upstream sites.

THE S. typhimurium ASSAY

The  Ames test  was
fractions obtained from Sites
sediments. The 5. typhimurium
assay {(Table II} established Fraction
2 as the most toxic of the fractions
from these sites. Fraction 2 from
Site A inhibited growth in four of the
five test strains, although this
inhibition was released in one of the
strains by addition of 359, Direct-
acting mutagenesis {mutagenesis

performed  on
A and B
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TABLE I.

The P. redivivus assay of Tobin Lake extracts.

SITE A SITE B SITEC SITED
FRACTION 1 - - - G {28)
FRACTION 2 S (268) I {380) - -
FRACTION 3 I (102} I {68) - -
FRACTION 4 4 (18) - I (23} I{18)
FRACTION 5 - G {16} - 1 {38}
FRACTION & - G (25) - -
FRACTION 7 G (99} 1 {87)
FRACTION 8 I {161) I {164) - -
S5=Semilethal I=Inhibition of development G=Genotoxic

Mumbers in parenthesis indicate chi-sguare value of test
population distribution compared to control population distribution.

TABLE II.

Salmonella Typhimurium assays of Tobin Lake fractions.

FRACTION NUMBER AND EFFECT
FL F2 F3  F4 F5  F6  F7  F8
STRAIN Y MOI M OIM oI M OIM I
SITE A
TRi535 - -
TA1535 +5§ - -
TA1537 - -
TA1537 +59 - -
TA1538 -
TAI538 459 - -
TAG8 - -
TA98 459 -
TAL00 - -
TALO0 +59 - -
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SITE B
TAI535 - -
TA1535 +59 - -
TA1537 - -
TAL537 458 - -
TA1538 - -
TA1538 489 - -
TASS - -
TAS8 459 - -
TA100 - -
TALOO +S§ - -
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Calumn I indicates inhibition produced by z particular fraction.
Column M indicates mutagenesis detected in a particular fraction.
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without the addition of S8) was
ohserved in three of the five test
strains using Fraction 2 from Site A,
while one strain indicated a
promutagen (mutagenic only in presence
of $9) in this fraction. Inhibition
of growth produced by Fraction 8 from
Site A was also chserved in one of the
five strains following S9 activation,
Fraction 7 from Site A was mutagenic
to one strain without 59 activation,
and to one  strain foliowing 359
activation.

Growth of all five strains was
inhibited by Fraction 2 from Site B,
although in two of the test strains
this fnhibition was removed by the
addition of the S8 extract. Four of
the five test strains showed direct-
acting mutagenic activity of Fraction
2 from Site B, and in only one strain
was the nmutagenesis eliminated by
addition of 59, Fraction 8 from Site
B produced growth iphibition in one of
the five strains following 59
activation, and Fraction 3 from Site B
was mutagenic to this strain fellowing
S9 activation.

PRELIMINARY ANALYSIS OF FRACTION 2

On  the basis of the above results,
samples of Fraction 2 from Sites A and
B were subjected to chemical analysis
by gas chromatography-mass

spectroscopy. A total of 30 and 27
potentially toxic compounds were
identified in Fraction 2 From sites A
and B, respectively (Table III). Five
compounds were common to Fraction 2 of
hoth sites. These common compounds

were: Z~nonenal, hexyl-3-methyl
cyclopentane, 1.9-nonanediol,
tetradecanal and benzaldehyde.

BISCUSSION

The approach for determining the
extent and nature of contamination of
aquatic ecosystems cutlined in this
presenrtation depends upon the validity
of the biological assays utilized.
The P, redivivus assay is rapid, cost-

effective and sensitive, although the
nematode  assay has  not been  as
axtensively utilfzed as the 3.
typhimurium  fest. A comparison
between the Ames and P. redivivus test
is shown in Table 1IV.

In a1l cases where the Ames test
found inhibition or mutagenicity, the
P. redivivus assay also detected
inhibition or genctoxicity. The P.
redivivus assay detected low level
genotoxicity or inhibition in & of the
10 fractions 1in which the Ames test
found nc inhibition or mutagenicity.

The P. redivivus bioassay sysiem
gives comparable resuits to the 3.
typhimurium tests, showing somewhat

greater sensitivity.

Both the Ames and nematode test
provide convincing evidence that the
major toxic components of the upstream
sediment extract reside in Fraction 2,
with Fraction 8 the second most toxic

component.  Fraction 3 is the third
most toxic component. Fraction 2
represents those neutral compounds

soluble in 1:1 hexane-dichloromethane.
There is Tittle published information
on many of the 52 potentially toxic

compounds found in Fraction 2, and
this fraction might not, a priort,
contain the most  highly priorized
chemicals present in the sediments.
Etheny? benzene [styrene}! has been

shown to be mutagenic to S.typhimurium
both with and without 5% "activation
{B}. Styrene is also cytetoxic to 3.
typhimurium (6,7}, which may account
for some of the observed inhibition,
The  styrene metabolite, henzyl
alcohel, is also wutagenic (B8], and
this compound 18 similar to
benzaldehyde. Benzaldehyde was not
mutagenic, as determined by the Ames
test, although 3 of 19 related
aldehydes tesied were mutagenic {(8).

Twenty-five ddentified Fraction 2
compounds are unicue to 3ite A , while
22 identified Fraction 2 compounds are
unigue to Site B, with only five
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TABLE III.

COMPOUNDS TENTATIVELY IDENTIFIED IM FRACTION 2 EXTRACTS

SITE A

benzaldehyde

1-hexyl-3-mathy! cyclopentane
tetradecanal

1,9«nonanediole

2-ngnenal

cis-1,2-diethyl cyclobutane
2,3, 3-trimethyl -1-butens
2-methyl-3-pentanol
Z-hexanethiol
trans~2-methyl-cyclopentanol
ethenyl benzene (styrene)
diethyl phthalate
o-neo~isomenthol
5,10,14-trimethyl -2-pentadecanone
citronellyl propionate
13-octadecanal
7-butyi-bicyclo{4.1.0)heptane
1-doctriacontanol
17-octadacanal

2-dimethy! benzene

A-methyl hexanal
1-hexene-3-01
6-methyl-2-heptancne
3,3-dimethythexane
2,2,3,4-tetramethy] pentane
nonadecano]

1,12-tridecadiene

hexadecano?

campesterol
3-methyl-2-cyclchexene-1-one

SITE B

benzaldehyde
1-hexyl-3-methylcycicpentane
tetradecanal

1,9-nonanedicle

2-nonenal
4-hydroxy-4-methyl-2-pentancne
4-hydroxy-5-methyl-2-hexanone
Z-methyl-3-pentanol

1-phenyl ethanone
Z-hexanethiol
l-ethoxy-2-heptancne
dihydro-5,5-dimethyl1-2{3H}-furanone
2~ethyl-1~hexanol

3,3-dimathyl hexanal

2-methyl benzaldehyde

3- or 4-methyl benzaldehyde
3-propoxy-l-propene
3,5,-dimethyl~cycichexen-l-one
S5-pctadecanal

4d-decancne

1,1,3«trimethyl cyclopentane
isg~octano!

cyclododecane
3,7-dimethyl-b-octen-1-ol
2-methyl-1l-dedecanol
cholestercg]

gamma-sitosterol
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TABLE

V.

Comparisan of bacterial and nematode hioassays on
fractions of Tohin Lake sedimenis.

Bacterial Test

3
;U
o
o
e
=

Effect
Site
Site
Sits
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site
Site

I, M 1

]
i

k
§

S e~ i <R v e

-

M

e B v B

I,
M

LR AT S S A S 4

, H 2

OO‘«JCJ‘BU1~51'°MMP“‘QO\JG\'J'E®WMP“‘C"3
—
w

bt

LoD 00 O 0

M=genotoxic I=inhibitory

Rank

Si=semilethal

Hematode Test

Effect Rank
5L 1
I 3
M 5
M 4
1 2
1 !
1 4
§
M 5
I 3
1 2

-= no detected =ffect

The effects are ranked with the most toxic fraction being
assignad the towest number (highest priority}.

Fraction 2 compounds common to the two
sites, although the sites are
separated by only 12 km on the same
river system. This difference in
composition may account  for  the
different toxicological effects
observed bhetween Site A and B Fraction
2 extracts.

The resylis reported hers
demonstrate  that the classes of
chemicals in environmanta] samplies can
he evaluated and ranked on  the basis
of their relative toxic effects.
Although the work repoerted here does
not provide the identity of the
individual most toxic  compounds
present, it does identify the class of
compeunds producing the greatest risk.
Furthermore, ft significantly reduces
the number of compounds considered as
the highest priority contaminants of

these two sites on Tobin Lake. The
Tack of detectable toxicity in
Fraction 1 argues against serious
contamination at these  sites by

pesticides, which would be contained
in this fraction. That pesticides are
not the major risk producing chemicals
ig further supported by the lack of

detectabie levels of pessticides in
Fraction Z. Simitariy, ong of the
major texic products of pulp mills,

diterpens resins, would be present in
Fraction &, which is only the fifth
most toxic fraction [slignhtiy
gerotoxic) at Site B, and not toxic at
the other sites. This does nol argue
that such compounds are not present,
but  suggests  that they do  net
reprasent the most important sources
of risk at these sites.



ol
(3]

(78]

The relative ranking of toxic
classes {i.e, Fractions 1-8} can be
axamined spatially within the

ecosystem studied. The greatest toxic
effects are localized at the upstream
end of the Take, with greatly reduced
toxic effects at the downstream end.
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WATER TREATMENT FOR FOULING PREVENTION., RESIDUAL TOXICITY OF
AN ORGAND - TIH COMPOUND TOWARDS MARINE QRGANISMS

Marco G. Saroglia, Romano Ambrogi and Gigacching Scarang

ENEL/CRTH via Rubattino 54
Milano, Italy

SARGGLIA, Marco 6., Romano AMBROGI and Gioacchino SCARAND. 1982, Water treatment for fouling
prevention. Residual toxicity of an organd - tin compound towards marine organisms. Can.
Tech. Rep. Fish. Aguat. Sci. 1163,

Acute toxicity of an aliphatic organo-tin compound utiiizable in anti~fouling treatment
nas heen tested towards 5§ marine species. A bioassay to analyse the active concentraticn of
the biocide hes been developed by using Brachionus plicatilis and Artemia salina. The fate
of the compound in the marine environment and the nossible impact to the ecosystem due to a
continuous discharge of tin in a marine water body are discussed.

Key Words: Toxicity, marine organisms, organo-tin, Brachionus plicatilis, Artemia saiina,
tin.

SARDGLIA, Marco G.. Romanc AMBROGI and Gipacchino SCARANO. 1982, Traitement préventif conire
Ta salissure -- Toxicite rdésiduelie d'un composé organostannigue peur les prganismes marins.
Can. Tech. Rep. Fish. Aguat. Sci. 1163.

on verifie la toxicitd afgu#, pour cing espdoes marines, d'un composé organostannique
acyciique pouvant servir au traitement préventif contre la salissure. Se servant de spécimens
de Brachionus plicatilis et d'Artemia salina Tes chercheurs mettent au point un essal
bioTogioue permettant d'analyser T3 toncentration active de ce biocide, 115 discutent
ggalement de 1'evolution du composé en milieu marin et des répercussions possibles sur
1lécosystime du déversement continu ¢'dtain dans Ta mer.
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The chemical t
denser cooling wals
routine SFGC% i
sta i

-
g

c0?3c1ﬁab ﬂﬂ“79jéd s antii eus;
chlorine is the mest widely used.

Siﬁ:ﬁ t e disc c»ﬁyaﬂs by Rook f;%?q; and
{1974) that the chiorination of
WaiQY @Qﬂiaéﬁéﬂ§ grganic matter pfﬁduces tri-
halomethanes, more and more attention has been
devoted to the possible formation f %&§9~
organic compounds pass%égy dangarous for human
heaith, in particular when hich chiorine con-
centrations are nesded for a useful anti-
fouling freatment

The avatizble elternatives to chlorination are
numereus but apparently none of them has
recelved wide accentance for reasons based
either on economic or environmental consi-
derations.

Biocides belonging to the organo-tin category

o-tin ecotoxicity and
f the aquatic
e Tved. Our first
a sxicity and pro-
i sible effects of
organo-tin n the marine en-
vironment.
In this paper, some data are wégsried concern-

'R

ing the acute foxicity of MA 1187 te five
species of marine organisms including algae
invertebratas and Tish.

METHDDS
Aeyte toxicelogical tests have been carried out
by exposing algae, Rotifera, Copepoda and fish
to biocide MA 1161.
Tests with alaas
Cultures of the a1gaa Tetraselmis susgica, at
an initial dtnSﬁty of o0,000 ceTis/mi, were
prepared in 10L transparent atoxic politene
bags. The medium was prepared from Filtered

sea-water, with nutrient added in algal culture
for aquaca?tgrA‘ purposes.  Cultures were main-

have been largely utilized as components in tained at 227°C ia continucus artificial illumi-
antifouling paints and ave now available for nation at 3000 Tux and aerated gentiy.
continous waler treatment as well.
Testis were run at 0.07, 0.05, 0.7, 0.2, 0.3,
%em g new cemaeund is manufactured by and 0.4 ma/L of MA 1161 plus conmtrel. Each
Itatiang® » Mitanzss (Mitano) concentration was replicated 2 fimes. AL the
2iied as ﬁé 181, ﬁe compound 18 an starting time and after 24, 48, 72, 98, 168,
tin in which the metal is bonded to Tinear 192, and 215 hours the actua® number of cells
i %ycwa awﬁgn C'aaﬁc. Pretiminary per ml were counted under a microscope utitiz-
on the acute toxicity of this compound ing 3 Burker cell.
sn carried o t by Mor ’EQ?S, 1879, ang
n Mytilus q@!?ﬁ: rovincialis, Hydroides Tests with dnvertebrates
anc Mugil cepr§2=s é‘ter preliminary
ion MA T1ET was used in Italy, in A1Y tests with RetiTera, Copepoda and brine
wutilizi ng wan@re water, as a continous shrimps were run under the same basic condi-
uling treatment at a concentration of tions.

G.05 mg/7 plus twe wﬂékb/jEQV with shock-treat-
ment of 0.33 mg/1. The Tirst plants utiliizing
the compound were Z ﬂ?ectric power stations, a
petro-chemical plant and a steel foundry; all
of them were lgcated in ardas e:ﬁa‘%aqz,ewzeri by
heavy ovrganic poll Resulis

were declared ver ry su bw plant
operators, who had ea ée? exparience with
hypochiorite treatmen

[

In order to assess the accentabilify of wider
use of the product as a possible alternative
to chlorination, we started a ressarch pro-
gramme comprising the study of the effective-
ness, ecafaxaraﬁcﬂj and environmental impact
of such organc-iin compounds.

while the environmental impact of chlovine as
an aptifouling agent is well documented, {see
for instance Matiice and Iittel, 1878) studies
on D?gaFQ ~-tin compounds are rather scarce,
{Smith,1978; Jensen,1977; Zuckerman, et. al.

Coastal marine water at oH 8.7 apd salinity 36%

were ytitized for dilution, after filtration

through a (.45 fgﬂ filter and oxy 5ﬂﬂ8t10ﬁ until

saturation at 2727 ¢

Tests were run at 22° C and constant tiiumina-

tion in Petri dishes containing 10 mi of solu-

tion.

Mortality data were analysed with a computer-
lvsis program for evaluation of

ized Frobit Anal
tha 24 hours LL5D

Rotifera - Ope hundred Brachionus plicatilis
were introduced into each Petrl dish by oollect-
ing them with a Pasteur pipetie from a hasic
culture growing on Tetrasaimis.

| the



ﬁ WAt reh
iong .01, 3.933
repeated a second

Mortality was observed undar a st
scope after 24 hours exposure. A
rganisms showing no mertaiity af
wevre considersd

LUEQQG”” - {ne ﬁd¢ﬁ',
yerse inty

Turcata
following the p
Tests were vun

11
il
repl

Brine shrimp - A teaspoen of Ariemd

$z1ina
EERaLL

Cys5tis were incubated Tor 24h at 267 [ in a

200 ml tube Tilled with filtersd marine water

with continuous i1lumination and asration.
After 2& hours nauptii

they were transferred 1o
and asrated gently.
1G5 brine shrimp

i1 were introduced

a second 200 m ﬁ?&ﬂs tube
After succesding g hours

inte esch dish ions of 0.05; 0.1
5.72; 0.3; 0.5; : 1.8; 1.7; and
2.0 ppm BMA 1161 gach with 3 re-
niicatsas

Tests with fish

glass aguariums.
Tabrax: &5 = 0.5 om
tengt e placed in an
ch oo ation. Testi aaﬁceﬁ~
¢ 0,02, 0.07, 0.08, 0.1, 0.3,
mz/l HA 1161 ,eﬂura?y pr&pared with
it sea water. y concentration was re-
slicated twice. Solutions weve replaced each 24
hsu?aﬁ and aerated con yauzly. Tests were run
at 247 [ with ﬁaiuﬁﬁé

Mortality was checked at 1, 3

96 hours. Fish showing no reac
duncle stimulation were consider
six hour LOBD values were determ
Enalysis.

, 6. 74, 48, 72, and
tion to caudal pe-
4 dead. Ninety-
ned ysing Probit

e
vi

Resulis

owth inhibition i3 suggested by
cbaceniraticas areater than 0.2 mg/L.
tzcn increased at 0.3 and 0.4 mg/L,
v after 24 hours exposure., Later on.
v
£

[N

owth rate rose again and the cell
ned values close to the coniryl
rey 168 hours.

PO e S B % -2

LL50 For 1QU€TL9bﬁa?€: was cal-
076, 0.086 and 1.27 mg/L res-
for E”ﬁﬁ 30ﬂ&5 Q%%catééésa Tishe
{Fig. 2}. The
|50 For fegﬁ k&iceﬁtrarchus Tabrax)

/Loof MA 13187 [Fig.3). A mortal-
was opbserved in Dicentrachus
far 95 hours at a biocide con-

[yl
Y‘I’C...
i.':)ifl

e (b

PRt e R Wiy

tests for the 5§éc1ée “A 11 61
brate and fish “pﬂfins 0.07
resistant specises 3@ ng A

3?923 b

cute t@ ”c?by GT water trezie M8 1183
towards the organisms entrained *k pugh cocling
systems seams 10 of the same order of magnitude

as in waters *rgatéﬁ with chlorine,

syatuate the actual envirommenial
smmact of organo-tin hased freatments, the fate
of the cbwszﬁﬁ should be considered, including
possible Toss of biogidal activity during the
nassage through the plant. Futurs studies on

the persistence of the f@#pug wl tn oan gctive

form may be done by ytitizing bicassays analysis
hased on the toxicity curves calculated for
Brachionus ?zcatﬁi‘s and Artemis =aiina, re-
ported with 1 uc 21T Vimiv 2t 95% in Fig. 2.

There is evidence that organo-tins can eventual-

iy degvaee 0 er+ 1%0fﬂan!s tin form {Blunden
and Chapman 1 Y. In addition, it has been
auggestad that the biomethylation of inorganic

+in could oocur in the enviropment (Ridley ef al..
18773,

]
3

v order o

(X)M‘..SCL

in
82
t

The amount of Sn that would be discharged by a
modern 1200 M4 electric power plant utilizing
MA 1161 for fouling srevention is approximately
Z tons per year. 1T such a uaaﬁ?%iw wouid be
discharged into & river of 1500 m”/sec flow
discharge, the Sn concentration in the waisy
would increase by 50 ng/l.

Such concentration may be considered similar to
the %*ﬁheqh va? as reported by Braman and
Tompkins {1878}, who examined 33 U.5. water
bodies, wh@re the max. anﬁ min, concentrations
they found (as total 3n) were 730 ng/L and
1.3 ng/L respectively with average values of
4.2, 17 and 5.7 rpg/L for saline, est
and fresh water envivenments respect
ﬂ?tﬁaxgﬁ such concentrations of inorgas i
are not reporied as foxic for aguatic | fa, it
seems arduous at the vresent state of knowledge
to make any prediction aba;f the possible impact of
a continuous discharge of tin inito the aguatic
environment in comparison with ithe impact
sriginated by water chiorination treatments.
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FIG., 3 - TOXICITY OF THE ORGANG-TIN COMPOUND MALLEL TOWARD Bicenirarchus labrar
AFTER 96 HOURS EXPOSURE. TACH POINT REPRESENTS THE AVERAGE VALUE OF TWQ
REPLICATES RUM WITH 10 FTSH TACH. FIDUCIAL LIMWITE AT ©5% INDICATED BY
DOTTED LINES HAVE BEEN CALOULATED  WITH FROBIT ANALYSIS. .
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YERSATILITY OF ALGAE IN ECOTCXICOLOGY

3

H - -
Harm Stoterdijk’, Plerre Couture and Raymond Van(oillie

1
ECS-Environment Danada, Longueuil,

QEQNS Eaux, Quebec, OC.

3 N - -
“Eco-Recherches, Pointe-Llaire, Q0.

SLOTERDIJK, Harm, Plerre COUTURE and Raymond VANCOILLIE. 1982, VYersatility of algas in
scotoxicology. Can. Tech. Rep. Fish. Aguat. 3ci. 1163

Many ecotoxicological phenomena can be assayed simultaneously using algae as fest organisms:

~-fertility potentia! and 1imifing nutrient factors can be used to show point-source toxicity
in watersheds; this has been verifisd with Selenastirum capricornutum for 4 fransboundary {Canada-
4.5.) rivers and lakes;

-delaved toxicity of certain substances {Cd, Cu, syivicor, etc...} can be differentiated
from their lethal toxicity when tested with synchronous cultures of Chlsrells pyrencidosa; these
tests also allow us to elucidate the mechanisms involved in delayed toxic inductions;

-changes in the toxicity of contaminantis and effluents during long-term biocassays can be
clearly detected after 1 to 3 days with Chlamydomonas variabilis or Seieﬂas trum capricernutum by
measuring thelr flourescence and/or their assimilation of radigcarbon,

Thase varicus applications support the incressed utilization of alcae as a oo} "par excellence”
in ecotoxicology.

Key Words: Algae, ecotoxicology. fertility potential, limiting nutrient, Selenastrum capricornutum.
delayed toxicity, lethal toxicity, Chlorella pyrencidosa, Chiamvdomonas variabiiis.,

SLOTERDIGK, Harm, Plerre COUTURE and Raymond VANCOILLIE, 1882, Polyvalence d'utilisation des
algues en ecotoxicologie. Can. Tech. Rep. Fish. Acuat. Szi. 1183

Les tests avec Tes algues peuvent déceler plusieurs phédnombnes €cotoxicologicues en méme
temps:

~Ta mise en évidence de toxiciids ponctuslies dans des bassins hydrographiques psut Btre
précisde avec leur potentiel de fertilitd et 1'identification des facteurs Yimifants: ceci 2
gtd veérifig avec Selenastrum capricornutum pour & lacs et rivigres fransfrontaliers Canada/ftatse
Unis;

-la toxicité retardée de certaing produits (L4, Cu, sylvicor, etc. i
toxicite létale lors qu ‘on Tes teste aveq des culfures syncohrones de Chi ewe
¢i permettent aussi d'expligiter les mécanismes ﬂmpifqués dens Yes dndycty
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-les changements de toxicité des contaminants at des efflusnts lors
astrum Ca&?iCG?ﬂ&t&W

détectent netlement aprds 1 & 2 jours avec Chlamvdomonas variahiiis ou Se
au niveau de leur fluorescence et/ou de leur assimitation du radiocarhone.
Ces multiples possibilités soutiennent gue Tes algues seront de plus en plus un outil de choix
nour les études toxicologigues.
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The evaluation of the degree of deterioration of
the aquatic envirenment is increasingly demanding
of time and affort. As the effects of noliutants
on higlogical processes in the aquatic environ-
ment cannot be adequately assessed from oniy
chamical or physical paramelers, several techniques
based on the use of bictegical indicators have
been developed. However, toxicity bioassays used
for water cuality contrel are restricled too often
to orovide information on short-term tethal char-
acteristics of the test substance and do not al-
Tow the detection of sublethal long-term or de-
layed toxicities of effluents and natural surface
waters.

In this presentation we will discuss three exam-
ples of bivassay techniques using algae that
evaluated: {i) toxicity in surface water, {11)
toxicity and biochemical pavameters, {111} delayed
toxicity.

MATERIALS AND METHODS

setection of Toxicity in Surface Haters

The toxicity in surface waters can be evaluated by
using the fertility potential test, which was
developed as the Algal Assay Procedurs Bottie Test
by the U.S. Environmental Protection Agency EPA
{7978}, The test was further developed by
Chiaudani and Vighi (1978} and by Clouture {1981},

The fertility potential and the foxicity factor
of river water samples were determined by using a
upieellylar green alga Selenastrum capricornutum.

The present study is described in detail in Couture
et al. {1982),50 we will only give a brief out-
Tine of the methods used.

The water samples ware taken from stations in
the Tomifobia River, which is located in Southern
flushec near the American border, a mixed forest-
agriculiural area in the Appalachians. The river
i3 polluted mainly by agricultural run-off. The
sampling stations were located from the upstreanm
headwaters area 4o the mouth of the river in Lake
Massawipi. Station locations are indicated in
Fig.1.

The semples were prepared and incubated as out-
{ined in Fig.2. The composition of the AAP {Alga?
Assay Procedure) nutrient medium is Tisted in

Tanle 1. In order to detevmine the Timiting nut-
rignt factor N or P, the AAP medium was added
without ¥ [evaluating whether P is Timiting (or
without ? levaluating whether N is limiting). The
arowth stimulating coefficient (GSC) was calculated
as outlined in Fig.3.

The concept of the toxicity factor, TF, is based
on the ratio of the potential theorstical yield
{calculated from chemically determined nutrient
concentrations) over the cbserved experimental

yield. This is ocutiined in Fig.4. The fac-
tors 38 and 0.42 were determined by Greene et
al. {1975}. As can be seen, retios signifi-
cantly higher than 1 indicate the presence of
toxicity. The addition of EDTA (ethyiene-
diaminatetraacetic acid: 1 mg/l of its sodium
salt) to the sampie is used to distinguishe
hetween inorganic {metals) toxicity and organic
toxicity [Couture, 1881). This chelating agent
modifies the availability of inorganic toxic
substances by forming a compliex and reducing,
in certain cases, the toxic effects on algae
{EPA, 1978).

Evaluation of Toxicity by Using Biochemical
Parameters

The toxicity of varicus concentrations of
copper sulfate and an industrial effiuent
{source and composition are confidential) have
been tested on S. capricornutum by measuring
A-Tluorescence, Cid-assimilation and increase
in cell numbers. The method is described in
detail in Van Coillie et al. {1982), and here
we will Timit ourselwves to a brief outline.
5. capricornutum was exposed fo various con-
centrations of the test material for up to 7
days and measurements were made after 1, 4.
and 7 days. The culture medium was the regu-
Tar AAP medium. Cell count was cavvried out by
means of a Coulter Counter. The a-fluorescence
is based on the increase in fluovescence of
the chlorophyll compiex after blockage of ATP
formation by the herbicide DOMU (3.4 dichloro-
phenyl - 1,1 - dimethy? urea}. This increase
depends on the physicltogical well-being of

the algal cells and unfavorable or toxic con-
ditions result in an inhibitory effect
{Samuelsson and Oguist, 1877).

In order to determine ﬁsq—assinﬁ?ation, cells
were incubated for 10 minutes in the presence
of NaHC1403. After fixing with formaidehyde
and releasing excess (02 by adding HC1, the
chlorophyll was photodegraded. The amount of
c14 assimilated was estimated by radiocounting
using a liguid scintillation counter {Campbell
et al., 1976).

Delayved Toxicity

Synchronous cultures of Chiorella pyrenoidosa
{cellular cyle of 12 hours) were exposed 1o
sublethal concentrations of Sylvicor {dimethyl
arsenate, a sylvicide) for 4 hours, starting
jmmediately at the end of a mitosis. Cultures
were transferred to a normsl ALP medium, afler
separation by centrifuging. The rate of cel-
Tular growth was detevmined during 4 cycles.
BNA synthesis was determined by incubating

the culture with radicactive uridine for 60
minutes right after exposure. Subsequent ex-
traction of the RNA allowed the determination
of the total RNA Tractions spectrophoicmetric-
aily with orcinol and their radicactivity by
measurement in a scintillation counter {Van
Coillie et al., 1981).
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RESULTS AND DISCUSSION

Detection of toxicity in surfece waiers

Resulfs ave presented in Table 2. The values

for the fertility poterntial indicate that the
river is somewhat eutrophic, and markedly so at
stations 4 and 18. These stations are downstiream
from a few small fowns which contribubte some
sewage to the river. Phosphorus was the 1imiting
nutrient at 217 stations, ndicaiing that eutro-
phic conditions were not extreme. Howsver, i

we compare FPy (fertility potential-experimental)
with total inorganic phosphorus concentrations,
we seg the high P Tevels and high FPy do not cor-
relate. This then indicates that fotal inorganic
P does net necessarily represent the amount of
bicavailable phosphorus. Take, for example, st.
20 and 21: the &5C {Growth Stimulating Coeffi-
cient) is extiremely high, indicating that P was
very Timiting as a nutrignt. However, P's mea-
sured {46 and 57 ug/L, respectively) were com-
parable io many other stations, supporting the
idea that varying fractions of total inorganic
P are bicavailable.

As we turn to toxicity factors, TF, we see there
seems to be toxicity at all stations. However,
two stations stand out, st. 20 and 21, where
phosphorus was the most lTimiting factor [GSC - P
is B0O7 and 362, vespectively) and where FP, was
the lowest, 0.09 and 0.07, respectively. Often,
data Tike this are interpreted as indicating very
toxic conditions, inhibiting algal growth. In-
deed, the increase in FP, by adding EDTA (ratic:
2.8) increases there might be a slight toxicity
due to metals. This is however not borne out by
the available data on metal concentrations (to

be published). In our opinion, the apparent high
TF's are more a measure of the lack of bicavail-
able P than the presence of foxicity. Indeed,

we think that the valuss of TF indicate differ-
ences in the bigavailability of F.

Recent findings by White and Payne (1980} and
White et al. (1981} confirm that tota! inorganic
phosphorus, as determined by the "Technicon
method without any preanalytical extraction oro-
cedure can overestimate the concentration hio-
available to direct uptake by algae. In addition
the acid molybdate used in the Technicon method
hydrolyzes part of the organically bound POy to
orthophosphate. This overestimationthen increas-
es artificially the ratic FP./EP, (calculated
fertility potential over experimental fertility
sotentiall.

Therefore, 7t is our opinion that the traditional
fertiiity potential test is not suitable for
measyring toxicity, unless other parameters, {(for
example, those explained in fhe next section) are
used than those cutlined abowe. 1t does not re-
main a useful ool for measuring eutrophic con-
ditions and the bicavailabitity of nutrients.

Toxicity by Using Biochemical

As was just outlined, toxicity tests using
atgae, such a3 3. capricornutum, and the ratio
between theovetical and experimental fertility
potential have some serious drawbacks. Fur-
thermore, they are lengthy. vequiring up to

14 days, and under cerfafn conditions even

Z1 days. The estimation of biomass using the
Coulter counter is subject t0 error. However,
the advantage of using algae is their great
sensitivity to certain toxic substances;hence
they have been used o evaluate the toxicity
of natural surface waters. In cur opinion, it
is possible to eliminate most of these problems
Juct mentioned by evaluating biochemical para-
meters and control populations instead of ob-
served cell growth and theoretical cell growth.
This is itlustrated in the following experi-
ment, which was cutlined in the section on
Methods and Materials.

Results for copper sulfate are presented in
Fig.5. As is to be expected, % I {inhibition)
increases with the concentrations of the cop-
per, as is evident in the upper histogram for
day 1. Alsc, cell growth is somewhat less in-
hibited than are a-fluorescence and carbon as-
similation. Inhibition is already evident at
concentrations as Tow as 2 ug Cu/L. The IC-50
is around 7 ug Cu/L for day 1.

It is evident from the histogram for day 7 that
the solutions with the lTower copper concentra-
tions have lost some of theiy inhibitory ef-
fect on cell growth and carbon assimilation,
but not their effect on  a-fluorescence. This
decrease is only observed for solutions up to
8 ug Cu/b. The higher concentrations cause a
roughly T00% inhibition. The Toss of toxicity
miaht possibly be the result of the excretion
of polypeptides by the algas,. capable of com-
plexing inorganic material and rendering it
non-bicavailable. The remaining toxicity in
the higher concentrations selutions (16 and

32 py Cu/L) causes a fotal inhibition of cell
growth, A-fluorescence and carbon assimilation
after 7 days.

The results for a fest with an industrial
effluent are presented in Fig.6. There was no
toxicity evident at the Tower concentrations.
Furthermore, theve was z significant reduction
in toxicity after 4 days. Inhibition has com-
pietely disappeared for a-fluorescence, but

at 90% V/V, cell count showed a 50% inhibition.

These results might Tndicate that cell count

is more sensitive than s-fluorescence, con-
trary to what was observed for CuSCs. However,
it was observed that the algal cells showed an
agglutination which caused a significant unden
estimation of the number of cells as deter-
mined by a Coulter counter.
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Therefo ey part of the inhi
due o ¢ tipn and noi Lo xi-
city. s, Butierwick 1. {1982)
angd Rehnb 7% stated that cell debris
can fﬂber;ew& and adversely affect the reliabi-
Tity of cell counts carried out by means of an
e ectreﬂéc carticle counigr.

hese resylis show that cell count 3s not a very

i.rl ml

ond Qawavetew for evatuating toxicity. Bio-
cheh?cpi sarameters, such as 4s-Tflusrescence, are
much batter measures. Furthermore, toxicity can

he det eczed sz early as afiter 1 day and these
shori-term binassays are preferable to Tong-term
bioassays, DECause, as we Saw, toxicity can change
significantly after 4-7 days of the test period.

i+ seems, in our opinion, that toxicity bloassays
can easily be carrisd oul using alges, such as
Selenastrum capricornytum, and by measuring
chemical parameters of which a-fluorescence is
the one most sasily and quickly dore,

hig-

Delaved Toxicity

ysed routinely for water gua-
= information only on lethal

ity control provi
or short duralion exposures, and

Toxicity ﬁ?&as ays
i
characteristics fo

de not allow the detsction of delayed toxic ities.
An experiment to evaluate delayed toxicity was
carried out as described in Materials and Methods.
Results of cell g?su*i ayve presented in Table 3.
The control {no sylvicor} had a growth rate ap-
proximating the theoretical v ield. This indicate
that the phvsical treatment {centrifuging) had

wery 11 t on the greu+ﬁ raie. ?he EXPO~
sure t0 syl diminished the growth rate, the
extent of wh?ch was dependent on the nesticide

coneentration. At 17.5 pob, there was nardly any

effect, whsge st 75 npb toxic effects only show

up 2 cell cycles later. A%t B0 ppb, toxic effects

wers apparent immediataly.

T elucidate the mechanisms involved in this de-

Tayed toxicity, the syntnesis of RNA was quanti-

Fied. BResylis are presented in TJable 4. As can

be ceen, RNA synthesis is markedly decrsased,

when cells are exposed to 25 and 50 ppb of sylvicor.

Ti rexg”ti of the RNA aﬁa%ysis "aﬁ gxpiain the

delaved toxicity of 2-3 cell cycles, as ohservad

wi h £ ;y?ers@desa tveateﬁ with 25 and 50 ppb of

sylvicor., It has been ohsarved, hased on experi-
ments ewag&atﬁﬁg DNE-RNA transcription in the

presence of an inhibitor, actinomycin D, that at

the peginning of intermitosis the cell manufac-

tures the RNA precurscrs ne essary for mitoses

2 ta 3 cei? cycies later Laﬁé?ﬁ.; 13667, It is

evefore logical to assume that subletha] con-

caﬁtvat;srs of sylvicor can induce, by inhibiting
ﬁwfﬂﬂﬁﬁz%sija reduction of cell QWWHZ

to 2 cell cycles iater. The mechanisms is briefly
gutiined in Fig.7.

Thus, algas can be used very easily fo determine
delayed toxicity at Tower levels than at sublethal
Tevels

Toxicity bios ob

%heﬁfafica. v (T al 51 ne
stter hased on 1 1 dngyganic pho US4

have many frawb cks aa was outlined in ihis

paper. The test takes a jong time and bio-

avaiiabie yﬁacghcruw foﬁfeﬂtratés ﬁ@y he

g.-?

overestimated w“eﬂ ;S!ng ?ﬂe
method, ea ecijally wi :
extractio 1D chéure,

Therefore,

which are not ba
in cell numbewsﬁ
tion, the
as A-fluorescence a
éiscassede but ther
could be used {e.c., AT
ade@y?ate eperqy charge vra
ripus types we vecommend tests That can be
carvied out in a winimum time and are fairly
simpla, such as s-fluoresce Essides baing
aconomic in time and effort, these fest are
very sensitive and may be appiied % G the eva-
Tuation of surface waters., Most toxicity bio-
assays are Himited to effluents and spe:;f?b
substances, not being sensitive encugh to de-
tect toxieity in surface watevs.

{ that other parameiers.
N %avt% oy increase
this g?€\€?T3~
&%Whmﬁﬁfﬂ
5 Tation was
am@uers that

iﬁt@

<1}
o

noe.
th

e
&
s

LOX
H
1Y

the concent of
E

t ecotoxicology. we
imit ourseives

To compliete
i o Jethal fests or Lo

1
must not

affluyents. Sublethal tests evaluating sur-
face waters mjbt 5e developed. HWe Inink that
highiy sensitive t@Ch?5QJ€Q based on algse and
binchenical parameiers are now PVﬁfEah’“ which
can be applied to such diluts solutions as
surface waters. Algas are arganisms "par ex-
cellence” for these refined toxicity tesis

They have proven themselves aliready to be sen-
sitive 1o ambient water guality. beling so
intimately assoc tated with 1%t and possassing

a high capacity for extracting and concentra-
ting substances. In future studies, we plan
to explore the possibilities of using aluse

to evaluate surface water toxicit by I asur-
ing biochemical paramelers such scence
and the adenvlate enevgy chargs
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Floure 2: Algal Assavy Preocedure

Water Sample

!

Auntoclave
1.1 xefeM? 1219 30 min

?

Filtration
0,45 wm Milldipore

Adjustment
PH = 7.5 3.5 ———

N-HH Storage

H-f0p~N04 <z Bark
P Total Inerg.

!

Seeding with
Selenastrum capricornutum -~
1 X 103 cell / ML

H

Without é

Nutrient k

Addition \\\\\\\\ Incubation 14 days
S 34000 - 10 lux

16 hrs phote-period

With 24% - 29 ¢
Addicion 75 osc/min
- Edta 1 mg/L

- A5% AAP-P
- 257 AAP-N

Cell count

]
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Figure 3: Determination of the Iimiting nutrient, Nitropen or FPhosphorus
Water Sample ~ AAP - P-=Fvaluates N
Water Sample - AAP - ¥ ->Evaluates P

GSC—> N%_ FPAAP-:g
FP
e

TP pap —x

P
24

asc-> PF _

Limiting Nutrient:

N if GSC-=N>GSC-»P and 21.3
P if GSC->»P>GSC X and 21.3

* (8C == Growth Stimulating Ceefficilent.



Figure 4: Calculation of the Texicity Factox
* s 1
P = {Total N % 38
[ L Ij
or -
F? = [Total P X 0.43
oL I
P . ¥ FP %
TF = P/ TR,
TF =2 1.3 —= Toxicity
Ldta Addition:
iF P,
EYEDTA - 1.3 Then toxicity is probably
P = of an inorganic nature

wik

{(metals).

¥P @ Fertility potential as calculated.

FP : Fertility potential as observed in the experiment.
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Figure 73 Suggested mechanisme of delayed toxicity
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Tahle 1: Composition of AAP Culture {100Z)
ELEMENTS CONCENTRATIONS
¥ 4.200 wmg/l
P 0.186
2.143
K 0.469
1.911
Ca 1,202
Mg 2.904
Na 11.001
¥n 115,370 pg/l
Fe 55.0600
B 32.460
Ho 2.878
in 0.168
Co G.070

Cu 0.004



Table 2:

Toxicity factors and limiting nutrients in the
Tomifobia River.

184

STATION ~ TF  FP. . A* cse> 2" FP_ * ’I{?)’IAL
FB_ 1
RT-13 12 .1 7.3 1.82 83
RT-6 11 1.1 5.1 1.91 4t
RT-11 6 . 6.3 4.43 39
RT~14 7 9.5 3.65 65
RT-12 12 14.8 2.21 66
RT-15 5 5.4 5.42 78
RT~2 2 1.5 29.6 1.06 98
RT-16 10 9.4 3.78 81
RT~17 6 . 3.7 6.82 50
RT-4 2.1 14.51 94
RT-18 2 1.0 12.76 125
RT~19 23 1.5 38.8 1.04 84
RT-20 200 2.8 507.0 0.09 46
RT-22 37 1.4 53.6 0.56 59
RT-21 270 0.7 362.0 0.07 57
RT-23 16 13.1 1.19 39
RT-24 2 1.9 $.05 21

# Symbols explained in text and figures 3 and &
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Table 3: Effect of sylvicor on the growth of Chlorella pyrencidosa
(Ceil count ¥ 103/a1)

0 HR 12 HRS 24 HRS 36 HRS 48 HRS

Theor. Growth 1 8 64 512 1624
Contreol 1 7.8 63 503 589
12.5 ppb 4 hrs 1 7.8 59 491 G57
25 ppbk & hrs 1 7.5 56 230 318
30 opb & hrs 1 3.3 27 a4 173
Table 4: Fffect of sylvicor on R¥A synthesis in Chlorella pyrencidosa
TREATMENT REA SYNTHESIS® 7 INBIBITION
Control 95 10

12,5 ppb 4 hrs 88 11 7

25  ppb 4 hrs 52 8 45
50 ppb 4 hre 34 4 64

14
# DPM / ul C'“lr - {lridine incorporatad during 60 min/mg RNA in 1 g. dry weight

of algae.
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EXAMINATION OF EXPOSURE MODELS IN ASSESSMENT OF TOXIC CHEMICALS
Witliam M, J. Strachan

Environmental Contaminants Division, Canada Centre for Injand Waters
8urlington, Ontaric

STRACHAN, William. 1982. Examination of exposure models in assessment of toxic chemicals.
Can. Tech. Rep. Fish. Aquat. Sci. 1183.

Risk/hazard assessment for chemicals involves two essential aspects - exposure and
effects (toxicology) - and a comparison of the tevels for each. A number of computational
models exist for evaluating the exposure of a chemical in the different compartments of a
variety of ecosystems. Input for such estimations includes physical-chemical properties
and degradation rates. These are used to predict retative concentrations in air, spil, water,
sediments, suspended soil, biota (fish) and could be expanded to provide for terrestrial biota
as well. The paper discusses several existing medels {EXAMS, Mackay FIGACITY',NRC's
PERSISTENCE) and compares these input parameters. The rneed to standardize these parameters

before comparing the models is stressed.
Key Words: FExposure models, risk assessment, toxicolegy, toxic chemicals.

STRACHAN, William. 1982. FExamination des mod2les d'exposition servant a évaiuer les
produits foxigues. Can. Tech. Rep. Fish Aquat. Sci. 1183,

L'evaluation des risques et des dangers que présentent les produits chimiques comporte
T'étude de deux aspects fondamentaux, soit 1'exposition et les effets (toxicolegiques), puis
1a comparaison des concentrations pour chague cas. i1 existe un certain nombre de medeles
informatisé€s servant a évaluer 1'exposition des différents compartiment de divers écosystémes
4 un preduit chimique donné. Pour réaliser ces gvaluations, i1 faut connaftre, entre autres,
les propriétés physico-chimiques du produit en question et sa vitesse de dégradation. Ces
donnges permettent de prévoir la concentration du produit dans 1'air, le sol, T’eau, les
sédiments, les solides en suspension et le biote (poisson). Elles peuvent aussi étre extrapolées
pour le biote terrestre. Le présent doecument discute plusieurs modeles (EXAMS, FUGACITE "de
Mackay, PERSISTENCE du CNR) et on compare entre eux les mémes paramdtres de depart. IT faut
souligner la necessité de standardisation de ces paramzires avant la comparsison des moddles.
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INTRODUCTION

Assessment

The introduction of toxic chemicals
to the enviropnmant from eanthrepogenic
and natural sources is & concern o atl
persons  involved in asssessing their
impact. The number of commercial chem-
icals currently stands at approximateiy
70,0000 and grows at some 1006-500 per
annum, Some of these repressent an im-
provement in the guality gf 1ife,
gthers, someifimes even Lthe same ones,
represent a potential or real hazard to
both man and tThe other organisms with
which he shares the biosphere, An aval-
yation of this hazard is, or sheulid be,
a prereqguisite Tor the establishment of
controls.

Hazard and risk szesem to have 23
many meanings as there are participants
in the assessment process. Dictionaries
indicate that both may be wused Inter-
changeably with danger. The one peoint
that most assessors seem to be ip agres-
ment on 13 that with regard to environ-
mental chemicals, they are a FTuncticn of
both exposur and effects  {or fox-
igity)., HWithout exposure of an organism
to a toxic substances, there c¢an be no
hazard, even if the toxicity i3 high:
conversely, even & gross éexposure to a
substance does not contitute a hazard if
there are no effgcls,

Exposure

The spurgose of this paper is to
present and discuss the prediction of
the exposure part of hazard evaluation.
There are two concepts of exposure
possible - actual measursments in ths
environment and predictign through the
yse of Jaboratory determinations  of
distribution factors. The former is
costly and, in a couniry as targe and
diverse as Qfanada, virtually impossibie
to carry out in & comprehensive fTashion.
It should be possible to perform such
monitaring, however, at locations where
chemicals of previously established
concern have been identified - and these
axposure determinations should be used

whenever possible.

The predictive appreach is  less
costly but it 1s also less reiiable than
actual measursments, The distributien
and  subsequent fate of a chemical
depends on too many factors for & theor-
etical estimation to be dirgctly applic-
able 1in any particular situation. The
models can be made more site-specific,
but then they lose their generality. It
must be remembesred that general state-
ments abouil a chemical are reguired and
undoubtably will be made; 1t 1is up fto
the scientific community to ensure that
they are as reliable as possible,

Uses

Prediction of exposure can be use-
ful in several ways. Actual hazard
assessmant rsquires the comparison of
concentrations - these for effect levels
and those for exposure. Oniy site-
specific models can attempt to provide

this, Howevar, it is believed that the
use of compuiterized models providing
general saxposure estimates can be ex-

tremely beneficial to & number of gov-
ernment programs hecause they are cap-
able of providing an approach 1o expo-
sure which 45 logigal, consistent and
segientifically based. Such models can
Tead to wore consistent and informed
decision-making in a cost.effactive
manner when envirgamental measurements
cannot be provided and yet an evaluation
and decision 15 reguired,

Models can give astimations of com-
parimental distribution and hence are
very useful dn designing surveillance
nrograms, A knowledge of which compart-
ments are important would be of great
assistance in selecting media, sites,
and sampling freguency, The moedels can
glso be used to indicate the sensitivity
af the distribution pattern of a chem-
ical to the wvarious input parameters.
This would be instructive to ressarchars
whe are reguired to invesiigate toxic
effects on organisms and properiies of
the chemical{s), Finally, for thoses who
have no opticon but to make hazard eval-
uations based on the limited data which
may he available at the time, the models
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prayide a consistent Dhasis which can
atsc be ratiopaiized and presentad to
those whose use of a chemcal may be cur-
tailed in a centrol action, For this
purpose, however, they can anly be used
in a gualitative manner when comparing
exposure and effactis,

MODELS
General

The Grganization for Fconomic
Co-operation and Development (OECD) has
adopted most of the preceding phitosophy
and approach. A set of Test Guidelines,
including & minimum pre-marketing data
subset (MPD)} has been described (O0ECD
Council, 1981). The MPD 1is intended to
accompany all “"new" chemical notifica-
tions that many nations are now requir-
ing prior to introduction of a chemical
inte commerce, The DECD has alsoc des-
cribed & modeling approach Lo exposure

analvsis for hazard evelutiorn (DECD
Workirg Party on Exposure Analysis,
1¢87). While such modeling is intended

for "npew" chemicals {for which obviously
there will also be no environmental
measurements), it is reasonable to
pelieve that this will form the minimum
hasis for existing chemicals for which
such data is also unavailable. Indeed,
the GECD dis currently moving 1in this
direction with their program on existing
chemicals,

Three computerized models were con-
sidered for this paper. They are EPA's
EXAMS (Lassiter et al., 1979}, PERSIST-
ENCE (Roberts et al., 1981}, and FUGA-
CiTY [Mackay and Paterson, 1981, 1982).
A1i use simitar, linearly retated,
first-order differential eguations to
describe concentrations and processes as
functions of time. They are all capable
of considering the impact of transfer
and transformation rates on the distri-
bhution of chemicals, as well as the in-
fluence of emissions %o the systems con-
sidered. EXAMS and PERSISTENCE re-
strict themselves te the aguatic envi-
ronment; FUGACITY makes allowance for
the atmospheric and terrestrial compart-
ments as well. EXAMS and PRESISTENCE
have the ability to calculate an aquatic
photoiysis rate constant; FUGACITY zeros
this rate in the absence of an experi-
mental value. A1l programs estimate
volatility rates censtants.

11 three programs allow the user
to input a wide variety of egquilibrium,
rate and system data but PERSISTENCE and
FUGACITY will calculate or substitue de-
fault values for many of them, given a
minimum of other data. In the case of
the equilibria constants, caiculations
in these two programs depend on differ-

ent empirical : for the
rate constants, zZero ¥ inserted
except as noted above. Default system
parameters are set by the selection of
the “"scenario® and,in their

“
signs, these differ considerably.

System Properties

It is by definition that concentra-
tions are masses per unit volumes. Con-
sequently, the volumes of the compart-
ments ussd in each wmedel scenario are
critical; so aiso are the masses but
they are seldom available. {One approach
to avoiding some of tne problems in de-
termining concentrations is to calculate
relative concentrations instead, using
unit mass in the system and volumes pro-
portional te a particular acosystem.
This has the drawback that the ‘concen-
trations' observed cannoct he comparsd
directly with effect concentrations in a
hazard asssassment. It can, however,
indicate potentially-impacted media {and
hence the o¢rganisms which may be at
risk) and 2iso the important parameters
which influence a chemical's dis-
tribution. 1t may alse be possibie,
through the use of benchmark chemicals
to get a comparative picture of the ex-
posure of a given chemical., Such bench-
mark chemicals, with known anviropmental
distributions, could be used to rank the
exposure of a test chemical or at least
to provide strong indications of its
Tikely distributicen.

The models all make provision for
the input of volumes for each compart-
ment of the particular ecosystem consid-
ered, The provision of site specific
volumes may add to the relevance in a
particuiar situation and should be used
if mass data are also avaiiable and if
the assessment required is local, For

general evaluations, however, standard
"scenarios® are recommended as  dis-
cussed, Those mentioned in this paper

are ones related to thres aguatic ece-
systems - a Jlake, & pond, and a river.
Table 1 indicates the relative defauilt
volumes of these scenarios as provided
by the three models and alsce includes
the vajues propoesed fin the OE{D Hazard
Assessment Project. For the lake scen-
ario, EXAMS has two versions - oligo-
trophic and sutrophic, It is apparent
that sven with the same mass finputs and
chemical properties, there will be con-
siderable differences bstween the pre-
dictions. In these sceparios, both ver-
sions of EXAMS as well as PERSISTENCE

presume iess suspended solids than biota
in the water column. Particularly when
it is recollected that the bionta partit-
ion coefficient refers to fishes, this
seems to be an inappropirate compartment
porportion. The volume {or depth} of
the 'active’ sediment compartment 1§ an



unknown. EAAMS uses a2 éegi? af 5 cm,
PERSISTENCE 1 c¢m, and UGACITY, 3 <m.
The oproportions af the Gelh prsposai
included 10 ¢m for this compariment, &
”gaestimate of a number of experts.
The igower levels of the models are also
more relevant to the lake scenario than
to the pond and river.

The default parameters of the pond
scenarios are much more consitent among
the models, Only the FUGACITY sediment
proportion appears to be substantially
different from the other models. It can
be argued that a productive pond envie-

onment, with 1iftle sediment distur-
bance, will have & deeper active layer
than in a lake. PERSISTENCE and FUGA-

CITY have values in keeping with this.
FUGACT
scenario

in  all

TY make pro-
but they
compart-

Only EXAMS and
yvision for a river
differ considerably
ments. This is duz to the level of
biota ascribed to the river in EXAMS -
7.2 mg/l. It is suggested that this
level is somewhat high when compared
with most Canadian situations and the
0.5 mg/t tevel of FUBACITY seems more
reascnable. In this regard, it is wor-
thwhile rewembering that biota, in a2
practical sense, means fisn for these
modeis.

Other parameters, besides volumes,
are also of importance, Table 72 lists
some of these, In the EXAMS lske
scenarios, different default parameters
are used for biomass and suspended
solids in the epilimnion and hypolimnion
{the other models assume a homogeneous
Take}, A1t of the EXAMS assignments
presume equal or greater levels of biota
to suspended solids, a situstion not in
accord with the real worid in Canada.
It is also suggested that the higher
density for the so0iid matter
compartments is more relevant to
compacted sediments than to the active
layer., The PFERSISTENCE model a2lso uses
& questicnaply  higher density. In
addition, it has two levels of organic
carbon in the s0lid mater - the higher
one, faor the suspended sclids,
corresponding to 100% organic matter.

The other parameters in the pond
scenarios are all very comparable except
for the ogrganic carbon content of the
susnended maiter. In the river scen-
ariocs, LXAMS and FUBACITY differ par-
ticularly in the lavel of suspended sol-
tds and biomass. The Tevels empioyed by
EXAMS {200 mg/L and 7.2 mg/L, respect-
tvaly) are thought to be unduly high for
most Canadian situations.

preceding consider-
in Table 3 were
in comparing the

on  the
parametars
be used

Based
ations, the
selected to
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modeis. The depth or concentrations
shown were ussd, wilth the areas and den-
sitias where apprcp?ﬁate to caliculate

the voluymes of the four aguatic compart-

ments for sach of M*aee aquatic scenar-
ips ~ take, poend and river. Other im-
portant pararete”s are also shown., The

OECD recommended values are the same as
those for the lake except that they are
reduced by a factor of 0.3 to allow for
tand in that model system,

Chemical Properties

e

input
para-

The exams model presumes ithe
{or calculation} of most chemical
meters from outside the oprogram. The
PERSISTENCE and FUGACITY models both in-
clude empirical equations relating the
several partition coefficients to the
n-actanol - water coefficient {(Kgy)-
Table 4 presents those used along with
those recommended in a recent, compre-
hensive review [Lyman et al,, 1982).
Mackay {1982} has recentiy reviawed thse
relationship for biocconcentraticn fac-
tors and the FUGACITY eguation reflects
that evaluation. It is interesting to
compare these predictions for a select-
ion of compounds for which appropriate
data were readily avgiiabie. Some of
the Kgy's employed wereg the average of
& number of determinations while others
are for single determinations. For this

reason, the compariscns cannot be con-
sidered rigorcus but hopefuliy are at
Teast indicative.

There are {hree compounds for which

a1t solubility sredictions {Tabie 5§}
differ by at least a factor of 10X from
the observed values - di{Z2-pthylhexyl)

phthalate {(DEHP}, pentachiocrophencl and
pp'D0T.  The deviations are all consist-
ent in direction, however. Excluding
these, the relationships in FUGACITY and
in Lyman 2%t al. appear wmost suitable.
With the exception of anthracene, the
PERSISTENCE model predicts consistently
high concentrations while the FUGACITY
modael  is  semewhat better with ratios
closer to unity than those for PERSIST-
EMCE for most determinations. It has,
however, two values which differ by a

factor of 10 or more from observed val-
ues. The equation recommended by Lyman
et al. for general use, predicts no val-
differing by 10 or wmore but the
reatics obssrved are generaliy greater
than the corresponding FUBALITY ones.
It is obvious from this that the present
state-of-the-art 43 still only semi-
guantitative.

The Koo parameter, together with
the fractian of organic carbon content,

is used to determine sorption coefficients

for sediment and suspended matter. For
Koe estimations {Table &), similar com-

ménts to those with solubility can be made.

Predictions with the defauylts from



PERSISTENCE are
ohserved valuyses.

yniversally Jewer than the
This model also had a
hiaoh proportion (3> 50%) of determinations
which exceeded the obsarved by a factor

at least 10X. The eguation recom-
mended by Lyman ef al. had fewer such
extremes than either PERSISTEHCE or FUG-
ACITY and appears to be praferable to
FUBACITY in itse ability to correctly
predict K, since it gives vaiues more
randomly distributed about observed val-

of

ST T

15

ges and had fewer values which differed
by factors of 10X.

Predictions of bioconcentration
factors, BCF {(Table 7), using the three
default eguatiens, are much better rel-
ative to those for solubility or Kge.
A1l models predict all values correct%y

te within a factor of BX{FUGACITY fails
in this enly with pentachlerophenol)} and
the averages of %the experimental:obser-
ved values were 1.1, 1.2, and 1.4 for
the equations in the PERSISTENCE model,
Lyman et al.'s book and the FUBACITY
model, respectively.

CONCLUSIONS

The opreceeding has discussed the
input and defauits for some exposure
models. 1t remains te run the models,
with identical input data, and to com-
pare the results - amongst the models as
wall as against environmental data.
Pretiminary evaluatien with fenitro-
thion, pentachlorophenct and hexachloro-
benzene were attempted. Results were
ambiguous because of difficulties in
sverriding some model parameters. Qual-
itatively, however, there were considers
abie differences even in defining the
compartment with the major fraction of
the test substance. There was littie
consistency in the differences either
netween the scenario  predictions or
amoeng the models outputs for any partic-
wltar scenario. This prelimniary report
is being followed up and more extensive
evaiyation 18 planned.
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Table 1: Relative Volumes Of Models (Vpjarag = 1.0)

WATER SEDIMENT SUSP.

{ X103) ( X10°%) SOLIDS
LAKE
a) EXAMS (0Olig.) 18 4,7 0.096
b) EXAMS (Euarr.)} 5.8 1.8 0.19
c¢) PERSISTENCE 2. 0.13 0.5
d) TFUGACITY 10, 3. 5.
POND
a) EXAMS 0.77 1.9 1.2
b) PERSISTENCE 1.9 1.9 4.9
c) FUGACITY 2.0 20. 6.5
RIVER
a) EXAMS 0.15 0.23 1.4
b) FUGACITY 10. 5. 10.
GLOBAL {(QECD) 20. 20. 5.6

(pius AIR: 1.7x10% and $0IL: 8.6x10°%)
Table 2: Critical Model Parameters
BIOMASS SUSP. SOLIDS ORG. CARBOX DENSITY

{(mg/L) (mg/L)} (%) (mg/L)
LAKE
a} EXAMS (0lig.) 1.0/0.1 0.1/0.1 G.5 1.85
b} EXAMS (Eutr.) 1.1/0.75 0.5/0.3 3.8 1.85
¢} PERSISTENCE 5.5 5. 56/10 4,35
d) FUGACITY 0.5 5. 4., 1.5
POND
a} EXAMS 12.9 30. 10. 1.85
b) PERSISTENCE 5.0 50, 56/10 2.0
¢} TFUGACITY 5.0 50. 4. 1.5
RIVER
a) EXAMS 7.2 2090. 1.5 1.85
b)Y FUGACITY 0.5 10. 4, 1.5
GLOBAL (QECD) 0.5 5. 5. 1.5
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Table 3: Standard System Parameters
LAKE zoND RIVER
AREA 1Km % lkm 0,1Kkm = G0.1¥m 0.01Em x 1Km
WATER:
Depth {m}q 16, 1 3.
Yolume {(m~} 1000x10"7 1wt 3x10"
SEDIMENT:
peprh {(m) 0.1 0.153 0.1
Yolume (m°) 100%10° 1.5x10 1073
SUSP. SGLIDS*%
Conc'n {(g/m”} 5. 50. 10.
Volume (m°) 33. 0.33 0.2
BIOTA {(FISH}*:
Cone'n {g/m”) 0.5 5.0 0.3
Volume (m°) 5. 0.05 0.015
* DENSITY - SUSP. SOLID: 1.3 g/ml; ¥ISH: 1.0 g/ml
OTHER PARAMETERS - ORGANIC CARBON: SEDIMENT 4%
SUSP. SOLID 10%
- RIVER FLOW: 0.1 m/s

Table 4: Default Estimation Methods

.06 8 (mol/LD LOG K, LOG BCF

FUGACITY -L0OG KOW+0'25 LOG KOW_G‘BS 106G K,,~1.32
—D-OlO(Tm_zg)

PERSISTENCE -0.5%9 LOG K0w+0.72 .56 LOG KDW—O,lZ 0.85 LOG Kgopu-0.7
-0.0095Tn

Lyman et al. ~1.34 LOG K0w+0.98 0.54 LOG Kow+1.38 0.76 LOG Kg,—023

~.0097(Ty~20)

Table 5: Predicted Selubilities (Relative to Observed)

LOG KOw M.P.°C FUGACITY PERSISTENCE LYMAN
NITROBENZENE 1.99 <20 1.1 3.5 1.3
TRICHLOROETHYLENE 2.96 <20 0.2 0.7 0.1
LINDANE 3.62 113 1.5 3.5 Gg.5
PARATHIOHR 3.81 <20 2.3 4.2 0.4
1,2,4~TRICHLOROBENZENE 4.14 <20 0.9 3.0 0.2
DEHP 4,36 <20 »10 >10 =1G
ANTHRACENE 4.50 216 1.5 <. 1 0.3
DIELDRIN 4,86 176 >10 >10 1.5
FENTACHLOROFHENOL 5.01 190 <.,.1 <. 1 <,1
HEXACHLOROBENZENE 5.60 231 2.2 &.0 0.2
pp'DDE 5.75 89 >10 >10 1.3
pp " DDT 5.90 149 >10 >10 >14
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Table 6. Predicted Koc {Relative to Observed)

LOG Kaw FUGACITY PERSISTENCE LYMAN
TRICHLORQETHYLENE 2.96 3.8 G.3 2.5
LINDARE 3.62 1.9 0.1 2.4
PARATHION 3.81 0.6 <.1 0.6
DEHP 4.36 1.6 <.1 G.9
DIELDRIN 4,86 6.9 <.1 0.3
PENTACHLOROPHENOL 5.01 »>10 0.5 >10
HEXACELOROBENZENE 5.60 >10 6.3 6.4
pp'DDE 3.73 »10 <,1 1.3
pp ' DDT 5.90 8.9 <.1 4.1

Table 7. Predicted BDF (Relative to Observed)

LOG Kow FUGACITY PERSISTENCE LYMAN

NITROBENZENE 1.99 0.3 0.5 1.0
LINDANE 3.62 0.6 0.7 G.7
1,2,3,-TRICHLOROBENZENE 4.14 0.3 0.3 0.4
DEHP 4.36 1.3 1.2 1.4
ANTHRACENE 4.50 1.6 1.3 1.5
DIELDRIN 4.86 0.3 0.2 0.2
PENTACHLOROPHENOL 5.01 6.6 4,7 4,9
HEXACHLOROBENZENE 5.60 1.3 0.8 0.7
pp 'DDE 5,75 0.5 0.3 0.3
pp 'DDT 5.90 1.3 0.7 0.6
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HOMARUS AMERICAMUS)
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J.F. Uthe. C.L. Chou, D.G. Robinson and R. Levague Charron

Department of Fisheries and Oceans
Halifax. Nova Scotia

UTHE, J.F., C.L. CHOU, D.G. ROBINSON and R. Levague CHARHON. 1982. {admium jn American Eo@ster
(Homarus americanus) from the area of a Tead smelter. Can. Tech. Rep. Fish. Aquat. Sci. 1163.

Extremely high cadmium levels were found in hepatopancreas of lobster captured in Be@éeduﬂe
Yarbour situated in northeastern Hew Brunswick. Claw and tail meat levels ef cadmium, while much
Tower, were high enough to warrant closure of the harbour to commercial fishing. Lobster
wandering complicated study of the situtation. Tagging-recapture studies showed that EQ.Sﬁ.of the
animals which had been tagoed in the harbour wandered oui of the narbour, yet highly contaminated
animals were raraly found outside of the harbour. A tight relationship was observed between the
total amount of cadmium in the hepatopancreas and that in the cooked tail and claw meat. Controls
installed in the smelter in 1980 have resulted in decreased levels of cadmium in lobsters captured
in the spring of 1982.

Key Words: American Tobster, Homarus americanus, lead smelter, cadmium, hepatopancreas, tail meat,
tagging~-recapiure, claw meat,

UTHE, J.F., C.L. CHOU, D.G. ROBINSON and R. Levaque CHARRON, 1982, Presence de cadmium cher le
homard amgrican {Homarus americanus) vivant & proximitd d une fonderie de plomb. Can. Tech.
Rep. Fish Aquat. Sci. 1163

En 1980, des niveaux extrémement &levés de cadmium ont été trouvés dans 1 hepatopancréas de
homards capturés dans Je port de Belledune, situé au nord-est du Nouveau-Bruncwick. Bien que les
niveaux de cadmium trouvés dans la chair de la queue et des pinces aient &té beaucoup moins &levés,
i1 n'en a pas moins €ié nécessaire d'interdire ta péche commerciale dans le port. L'errance des
homards a compliqué 1'dtude de la situation. Cependant, des £tudes de capture-recapture ont
démontré qu au moins 20.5% des homards marqués dans le port, en sont sortis. Toutefois, des
homards fortement contimings ont rarement &té retrouvés i 1'extérieur du port. Une forte
corrélation a 6té observée entre la concentration totale de cadmium dans 1'hépatopancreas et celle
de 1a chair cuite de la queue et des pinces. Des mesures de conirdle mises en place i Ta fonderie
de plomb en 1980 ont contribué a une diminution des niveaux de cadmium dans les homards capturés au
printemps de 1682.
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Cadmium in American lobster (Homarus americanus)
from the area of a lead
smelter

by

J.F. Uthe, C.L. Chou, D.G, Robinsen and
R. Levaque Charron*
Bepartment of Fisheries and
Oceans
Halifax, MNova Scetia, B3J 257,
Canada

Since 1880 the Department of Fisheries and
Oceans with the coeperation of Brunswick Mining and
Smetting Corporation Ltd., has been investigating
cadmium {Cd) lTevels in lobsters
{Homarus americanus) from the area of Beilladune
Harbour, New Brunswick, Canada. Details of the
studies carried out during 1980 and 1981 can be
found ir Uthe and Zitko {1980) and Uthe et al,
(1982). This report will document the results of
studies carried out during 19872. A1l of the methods
and materials used in 1982 are described in the
above reports.

Due to the presence of high cadmium ltevels in
the hepatopancreas of lobsters from Belledune
Harbour, the harbour was c¢losed to commercial
fishing in 1980 and has remained closed since then,
In addition, all lobsters taken in a zone
surrounding the harbour were processed follewing
removal and discarding of the carapace section,
including the hepatopancreas from the live animal.
Only the meat from the tail and the claws was used
to prepare products. Product inspection ensured that
no contaminated meat reached the market, In
November 1981 a major effluent treatment facility
was opened at the smelter., This and other control
measures have decreased the cadmium discharges by
more than 95%.

Table 1 shows that the mean level of
hepatopancreatic cadmium in Tobsters captured at
various locations within and around Belledune
Harbour appears to have peaked in 1981 {Table 1)
although significant decreases have occurred only at
the sites labelled L4E and L6E, both located outside
and downstream of the harbour. As in previous
years, the geographical distribution is
characterized by extremely high cadmium levels in
harbour animals, markedly Tower levels in lobsters
captured immediately outside the harbour and a
gradually decreasing cadmium mean level as the
downstream distance from the harbour increases. The
site immediately upstream of the harbeur (LIW) is
simitar in level to the L&L site in spite of being
much closer to the harbour mouth,

Table 2 show the levels of cadmium in cooked
meat (tail and claw meat posled) of Tobsters
captured at the same sites as in Tabie 1 and the
corresponding cadmium levels in the uncooked
hepatopancreas from the same animals. It should be
noted that the geometric mean cadmium levels in the
hepatopancreas differ from those in Table 1 because
of the different numbers of animals used in each
sample. In general, the level of cadmium in the
cooked meat averaged 150 to 400 times Jower than the
corresponding hepatopancreatic levels. The cooked
meat cadmium mean Tevels were generally lower in
1982 than 1981, but it should be noted that the mean
levels of cadmium in the hepatopancreas were also
somewhat Tower in 1982 with the exception of the LIE

* Brunswick Mining and Smelting Co. Ltd,,
Belledune, New Brunswick, EOB 1G0

Log Total Meat Cadmium

1 i 1 I | ;
1.6 2.2 2.8 3.4 4.0 4.6

l.og Total Hepatopancreatic Cadmium

Figure 1 - Log-log relationship between the total
amount (ug) of cadmium in cooked, pooled
Tobster tail and claw meat and that in
the hepatopancreas of the same animal.
(Solid Tine + 95% confidence limits.)

sample. There was, however, no statistically
significant decrease in cooked meat cadmium leveis
between 1981 and 1982 by anaiysis of covariance
with wejght as the covariant. This is likely an
effect of the small sampie size and the limited
ability of the statistical analysis to accurately
correct for the effect of the differences in the
total weights of the animals making up the sample
(Uthe et al. 1982).

in cellaboration with the Inspection Service,
Gulf Regicn, Department of Fisheries and tceans, a
pilot operation to prepare lobster producis from
various mixtures of harbour and controlled fishery
zone lobsters was carried out in 1982, The results
of this study are shown in Table 3. While there is
a trend of increasing cadmium levels in products
prepared with jncreasing amounts of parbour animals
none of the mean levels were significantly
different from each other., The mean cadmium levels
in commercial products prepared from the controlled
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fishery zone during the commercial fishing season
in 1991 and 1982 were 0,20 and 0,19 ,4¢/g
respectively with a range of U.07 -~ 0.30 ug £d/g in
1981 and 0.04 - 1.725 vg Cdfg in 1S82. The gverall
mean cadmium leval 1n sroductsprepared with equal
amounts of harbour and controlled fishery zone
ighsters was D.28 ugfg. This level is very close
to the level deemed fit for human consumption Tor
the products from the controlied Tishery zone
{approximately 0.29 ug/g). The lack of a
sianificant difference in cadmium levels in products
srepared solely from harbour animals means that the
reopening of the harbour to commercial fishing as a
part of the current controiied fishery zone would
not entail any change in the current fishery
operations which ensures special processing and
inspection of the resuiting product. It is
estimated that fishing the harbour would yield
ahout the same weight of lebster as from the
currept controlled fishery zone (28,000 1bs. ).
Thus, on average,products prepared from animals
From these two areas would have about 50% meat from
narbour arimals and about 50% meat from animals
from the controlled Tishery zone.

The relationship betwsen the total gquantity
{ug} of cadmium present in the cooked meat and the
total amount of cadmium present in the uncooked

nepatopancreas is shown in Figure 1 for all the
sampte sites combined {1982 data). The
relationship is nighly significant with a
correlation coefficient of 0.83% and 13 described
by the equatien:

GCGCQled.mgat =
21 + 0.876 Log1gbdraw nepatopancreas
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Table 1 - Geometric mean cadmium levels {pg/g wet weight) in hepatopancreas of lobster captured
within or around Belledune Harbour, New Brunswick.

Distance Sample 1980 _ 188l I -

from site ?é No. of  ANOVA Xg No. of ANGYA Xy Mo. of

rarbour animals 198G/81 animais 1881/82 animalis

30 km West Heron Island 3.85 30 s.@ 4,83 27 H.5. 4.6Y 23

1.5 km Hest Liu 11.9 29 N.S. 20. 28 NS, 14,3 33

Within Harbour West 176, 29 S. 214, 4b N.5. 147, 35

Belledune

Harbour Harbour East 62.3 28 N.S. 65.5 44 N.S. 76.3 35

Outside Harbour

Breakwater LOBE 21.4 29 S. 65.7 27 M. S, 45,7 27

3.1 km East LIE 28.1 31 S. 40,6 34 HaS. 40 4 35

7.8 km East LAE 28.0 26 S. 47,7 48 S. 23.8 38

10.0 km Fast  L6E 17.3 19 S. 5.5 31 5. 15.6 36
Limestone PointD - - - 13.6 26 N.S. 13.9 37

i7.4 km Fast  Petit Rocher 1i.6 31 N.S. 15.7 41 N.S. 12.9 36

da p £ 0.05
b. not sampled in 1980
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Table 2 - Mean and range of cadmium Tevels {ng/g wet weight) in
cooked meat pools and raw hepatopancreas lobster from the area
of Belledune Harbour, New Brunswick {1982)

Cooked meat Raw hepatopancreas
Sample site Year Ag Range G Range i
Heron Island 1981 0.04  0.03-0.09 5,80 4.36- 12.0 10
1682 0.03  0.02-0.03 5.32 3.51- 10,1 8
L1W 1281 06,12 0.03-1.82 29.8 8.30-135. 10
1382 6,03 0.03-0.06 8.77 5.76- 17.5 6
Harbour West 1981 0.8%  0.16-3.06 218, 62,7 -572. 8
1682 0.74  0.11-3.26 165, 33.3 -728, 21
Harbour East 1881 0,35 0.07-1.28 687.9 17.0 -355. 1l
1882 0,23 0,04-0.762 62.5 14.7 -470. 12

LOBE 1581 0.28  0.05-1.24 79.6 13.5 308, 1¢
1982 .16 0.02-1.14 41.0 6.7 -190, 13
LIE 1581 0.21 0.05-0.68 34,3 8.15-130. 1@
1982 .18 0.04-0.33 47.8 10.3 -134. 12
LAE 1981 0.1¢  0.05-0.43 54.6 7.67-127. 10
1982 0.1t 0.03-0.20 23.4 11.5 - 47, 11
L&E 1681 0,1t 0,85-0,28 38.7 12.2 - 50,9 10
1982 0.08  0.02-0,14 19.8 5.8 - 64,3 8
Beach Point, 1981 0,03 0.02-0,09 11.8 4.3 - 48.9 10
PLELI,
Petit Rocher 1982 0.06 0,04-0,10 14.6 7.1 - 32.3 10
N.B.

Table 3 - Cadmium levels {1g/g wet weight) in frozen commercial
lobster packs (320g) prepared from lobsters captured
within Belledune Harbour (Harbour West (HW} or Harbour
East (HE} sites) and the controiled fishery zone {CFZ} (1982],

- a
Composition K X + 5,0, Range
25% HU & 0,279 + 0.055 0.238-0.380
25% HE
5% CFZ
50% HW & 0,237 + 0,117 6. 06-0,382
50% CFZ
50% HE & 6,310 + 0.184 6.202-0,542
50% CFZ
Mean of above 3 0. 28
1004 H¥ 5 0.313 + 6.112 0.183-C.480
160% HE 6 0.317 + 0.209 0.133-0.726
Mean of above 2 0. 32
1G0% CFZ 5 0.164 + 0,118 0.084-0.354

a. No significant differences at p = §.05
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QUANTITATIVE STRUCTURE-ACTIVITY RELATIONS OF LETHAL AND SUBLETHAL
EFFECTS OF BENZENE AND PHENCL DERIVATIVES ON RAINBOW TROUT

K. L. E. Kaiser}, P, V. Hodsonza D. G. Dixen3

1Nat€sna1 Watar Research Institute, Burlington, Ontario
2Great fakes Fisheries Research Branch, Burlington, Ontario

3§niversity of Waterlco, Waterloo, Ontario

KAISER, K.L.E., P.V. HODSON and D.G. DIXON. 1982. Quantitative structure-activity relations of
Tethal and sublethal effects of benzene and phenol derivatives on rainbow irout. Can,
Tech. Rep. Fish. Aquat. Sci. 1163.

From the limited data available so far, the following QSAR equations were derived:

a) for phenols:

- log {conc. oral LD50) = 1.35 Jog P + 0.C7 MR - 2.85 {m

- Jog {conc. 50% SSDH increase) = .93 log P - 1.05 {2}
b} for benzenes:

- log {conc. 1P LD5O) = 0.27 log P - 1.78 (3)

where concentrations are expressed in wmole/L, P is the n-octanol/water partition coefficient
and MR is the molar refraction. However, some symmetrical chlorscbenzenes (B); i.e.., 1,3,
S-Cisnﬁ, ¥,2,4,5~C148, and probably C]st do not appear to follow egua. 3; their toxicities are

significantly lower than those predicted from this equation.

Key Words: Partition coefficient, chlorobenzenes. rainbow trout, Salmo gairdneri, benzene
derivatives. phenol derivatives.

KRISER, K.L.E., P.V. HODSON and D.G. DIXON. 1982. Relations quantitatives structure-activiié
des effets létaux et sublétaux des dérivés du benzéne et du phénal sur la truite arc-en-ciel.
Can. Tech. Rep. Fish. Aquat. Sci. 1163.

On a établi des corrélations guantitatives structure-activit® pour les dérives du phénol et
du benzene. Voici Jes effets étudiés: dose lgtale médiane determinge 96 heures aprés 1'administra-
tion d'une dose unique par voie orale ou par voie intrapéritonéale, dans une matrice d'eau ou
d'huile de foie de morue, concentrations letales médianes lors dosage biclogigue en continue de
96 heures; et seuil de reponse de 1'activite de la sorbitol-deéshydrogénase serique 48 heures aprés
injection intraperitoneale. Parmi les substances chimiques &tudids, on compte le phénol non-
substitué et les phéncls para-substitugs suivants: methoxy-(CH,0), phéﬁexy~(€6H50 , Chloro-{C1},
méthyl-(CH,), hydroxy-méthyl-{CH,0H}, ion méthyl-ammonium-~{NH -6 Y, nitro-(N0L)T trifluorométhyl-
(CF.Y, cyafo-(CN) et amino-(NH,}T On a également étudié le bénzeRe {B) et Tes“dérivés chlorés et
Fludrés que voici: C1-8, 1,2-0F, B, 1,3-C1-B, 1,4-C1,-B, 1,2.3,-C1;-B; 1,2,4-C15-8, 1,3,5-C1 -8,
1,2,3,4-01,-8, 1,2,3,5-C1,-B, © C1.-B, Cig-B, et Fo-B.g. N

5 & 6

On a &%abli par analyse de régression par la méthode des moindres carrés, une corrélation entrgi
ies effets aigus et sublétaux, exprimes comme 1'inverse du logarithme des concentrations en mmole.l
ou en mmole.kg  {de masse corporelle) respectivement, et les propriétés moléculaires suivants:
coefficient de partage octanol/eau (log P), réfractivité molaire {RM), constantes de champ (F)
et constantes de resonance {(R) de Swain et de Lupton. Les valeurs mesurées et calculées de la
foxicité sont donneps aux Tableaux 1 et 3. Les équations de régression et les parametres statistiques
sont dormés au Tableau 2.
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4—c§§50 5.03 L2582
4y .04 ~1.64 1.83 1.85
4-CH, 0.5 0,03 (.06 0.5 -7 18 1.1 .18
&—CHZQH 0.6 .30
QNNH?CH3+ (.25 .34 0,14 - 2.62 -
4-NO., {.582 0.5% 0,34 0.22 =1.13{7) -1.10 .74 1.15
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In addition to the phenol data (Table 1}, a set of IPLD5C data of halogenated benzenes was

obtained (Table 3). The regression equation for these compounds is given in Table 2. The series

contains benzene, chlorobenzene, pentachlore- and nexafiucrobenzene, three dichloro-, two trichioro-
and two tetra-chlorc-, pentachloro-,and hexafluorohenzene.
1.3,5, trichioro-, 1.2.4,5,-tetrachloro- and hexachlorobenzene,

helow those calculated from this NSAR eguation and were exciuded from the calculation.
interest to note that these three compcunds have a high degree of molecular symmetry.

il
Table 2. Mumber of measured toxicity values {(n), correlation coefficients (r"), standard devia-

tions (s.d.), coefficients and parameters of correlation eguations of toxicity data

shown in Tables 1 and 3.

Three of the compounds tested, namely
nad measured IPLDS0 values much
It is of

Compounds Effect(a} n r2 s.d. Equation(b}

Phenots OLDEO 4 0.97 0.08 Togl = -2.85+ 1.35 Tog P + 0.070 iR
Phenols IPLDSO 9 0.94 0.09 logl= 0.21+0.012 MR+ 1.54 R
Phenols SSOH 5  0.93 0.15 209}: = -1.29 -0.51 Tog P + 1.73 F
bhenols Les0 7 0.95 0.12  logl = 2.04 - 2.15 Tog P + 0.88 (log P
Benzenes TPLDS0 11 078 0.9 Togl = -1.71 + 0.20 log ?

}2

(a) See Table 1 for abbreviations.
{(b) P: Octancl/water partition coefficient;
F: field constant.

Table 3. Measured and calculated effect levels of chloro- and flyorc-substituted benzene deriva-

MR: molar refractivity; R: resonance constant:

tives to rainbow trout. The correlation equation is given in Table 2.

[PLD50 SSDH
PGSTt]Oﬂ/Substituent log % log %
meas. calcul. meas ca]cu].(a)
- -1.41  -1.28 -0.72
¢l -(.98 -1.14 -0.15
?.2—612 -0.87  -1.00
1.3-522 -1.60 -0.9%
1.4-6%2 -1.01  -0.98 -0.42
1.2,3-613 -0.95 -0.8%
1.2.4»013 -0.99 -0.92 -0.59
1.3.5-613 -1.48 -
1.2.3.@~614 -0.63 -0.81 ~-1.84
1.2.3.5~C14 -0.3%3 -0.81
1.2.4.5-C}4 -1.37 -
C§5 -3.76 -0.73 -1.25
626 ~1.24 -
F6 -1.27 -1.27

fa) Analysis in progress.
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Qur results show the existence of structure-activity correlations of certain chemical and
physical parameters with the observed bioTogical effects of various phenol and benzene derivatives
on rainbow trout. However, some of the measured values were excluded from the §SAR equations and
some of the data sets are extremely small. Therefore, any extrapclation to other compounds may not
be warranted until more data are collected.
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BIDASSAY DETERMINATIONS OF FREE METAL ION COMCENTRATIONS TOXIC 70
AQUATIC BIOTA

U. Borgmann and K.M. Ralph

Great Lakes Fisheries Research Branch, Dept. of Fisheries and Oceans,
Burlington, Ontario

BORGMANN, 4. and K.M. RALPH. 19882. Biocassay determinations of free metal ion concentrations
toxic to aquatic biota. Can. Tech. Rep. Fish. Agquat. Sci. 1163.

Many researchers feel it is important to relate metal toxicity to the concentration of
the free metal fon. However, limitations in the sensitivity of chemical methods for measuring
free metal concentrations can make this difficult. Consequently, we have developed and
tested a bioassay technigue for determining free metal concentrations., This invelves de-
termination of metal toxicity before and after addition of & weak complexing agent (i.e., metal
fon buffer) with known complexing ability. Tests with Daphnia in defined media demonstraie
that the assay can determine free copper concentrations even in the presence of toxic metal
compiexes.

Key Words: Free metal ion, bioassay, Daphnia, copper, metal complexes.

BORGMANN, U. and K.M. RALPH. 1982, Détermination a 1'aide d'épreuves biologiques des
concentrations d'ions métallicues libres toxigues pour le aquatique. Can. Tech. Rep.
Fish. Aquat. Sci. 1163,

Salon de nombreux chercheurs, il est important d'étabiir une relation entre la toxicite
d'un metal et la concentration de ses ions libres. Toutefois, la faible sensibilité des
meéthodes utilisdes pour doser les espéces métalliques libres rend cette tache difficile. Nous
avons donc mis au peoint et éprouvéd une méthode permettant de deéterminer la concentration
d'especes métalliques libres. Cette méthode comporte la mesure, 3 1'aide d'épreuves biologiques,
de la toxicité avant et aprds 1'addition d'un comglexant faible (c.-a-d. un tampon de 1'ion
métalligue) dont on connatt la capacité de chélation. Des essais effectugs avec Daphnia dans
un milieu bien défini montrent cu'on peut ainsi déterminer la concentration des especes tibres du
cuivre meéme en présence de complexes de métaux toxiques.
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THE EFFECTS OF LOW pH AND CALCIUM ON THE RELATIVE BJOACCUMULATION OF
Se-7% and Hg-203 BY SEVEN TISSUES OF THE CRAYFISH, ORCONECTES VIRILIS

P.%.5%. Chang, D.F. Malley and J.F. Klaverkamp

Dept. of Fisheries and Oceans, Freshwater Institute
Winnipeg, Manitoba

CHANG, P.S5.5., D.F. MALLEY and J.F. KLAVERKAMP. 1982, The effects of low pH and calcium on the
relative bioaccumulation of Se-75 and Hg-203 by seven tissues of the crayfish, Orconectes
virilis. Can. Tech. Rep. Fish. Aguat. Sci. 1163.

Contamination of aguatic systems by Se and Hg is increasing in association with the phenomenon
of acidic precipitation. Accumuiation of Se-75 and Hg-203 was measured in seven tissues of cray-
fish held in cages in 1-m diameter enciosures in Lake 302, Experimental Lakes Area, northwgstern
Ontaric. Data for Hg-203 are reported elsewhere. Se-75 was accumulated in tissue {cpm.g ) in
the following order: hepatopancraas>green gland>gut»ovary>gilis>carapace>abdominal muscle: In
most cases, crayfish accumulated Se-75 to a gregter extent at pH 5.4 than at 6.7 Se-75
accumulation was enhanced by the addition of Ca = under acidic conditions. Acidification had no
effect on the Se:;ﬁ:ﬁg~203 ratios in tissues, but crayfish exposed to pH 5.4 and 5.0 with enriched
Ca {5, 15 mg.L,, ) showed significantly higher ratios than those under neutral conditions with or
without added Ca . These data indicate a water hardness dependency of Se and Hg accumulation
under acidic conditions.

Key Words: Calcium, crayfish, Creonectes virilis, acidification, mercury, selenium.

CHANG, P.S.5., D.F. MALLEY and J.F. KLAVERKAMP., 1982, Effets ¢'un pH faible et de la presence
de calcium sur Ta bioaccumulation relative du 7559 et du 203H par sept tissus diecrevisses
Oreonectes virilis. Can. Tech. Rep. Fish. AquatT Sci. 1163.

tes précipitations acides augmentent de plus en plus la teneur en Se et en Hg des systemes
aquatigues. On a mesurd 1'accumuiation de 7SS et de 203, dans sept tissus d'écrevisses
maintenus en cages placées dans des enceintes 8o 1m de éigﬁétre: 1'8tude s'effectua au Lac 302
de 1a Region des lacs expérimentaux située au nord-ouest de 1'Ontario. les données pour le
203, ont €t€ publides afileurs. La demi-vie pour 1'élimination du_{5.,_gans 1*eau variait de 11
5 931 jours. Les quantités de 75, dans les tissus (comptes.min. } augmentaient suivant
Viordre: hépatopancréas>glande du vé?t>éntestin>ovaire>branchies>carapace>musc1e abdominal. Dans
a plupart des cas, I'accumulation de 75.  etait plus grand & pH 5.4 qu'a pH 6,7, et elle
auygmentait dans un milieu acide additien%g'de Ca . L'actdification n'influait nullement sur le
rapport 75S -203,, dans les tissues, mais ce rapport était considérablement plus éleyd chez les
écrevi§§es Expos?g 3 un milieu dont Te pH Etait de 5.4 et de 5,0 avec addition de Ca {5 et
15mg.L” ') que chez ceux en milieu neutre additionne ou non de Ca . Ces données indiguent gue
T'accumulation de Se et de Hg en milieu acide dépend de 1a dureté de 1'eau.
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ALKYLTIN COMPOUNDS IN THE AQUATIC ENVIRONMENT
Y.K. Chau, R.J. Maguire and P.T.S. Hong

National Water Research Institute and Great Lakes Fisheries Research
Branch, Canada Centre for Inland Waters, Burlington, Ontaric L7R 4AG

CHAL, Y.K., R.J. MAGUIRE and P.T.S. WONG. 1982. Alkylitin compounds in the aquatic environment.
Can. Tech. Rep. Fish. Aquat. Sci. 1163.

Alkyltin compounds are extensively used in industrial and agricultural applications.
The results of our studies indicating (1) methylation of tin compounds,{2) occurrence of
methyltin and butyltin species in environmental samples, and {3) srganotin compounds being more
toxic than inorganic tiss would have significant environmental censequences.

Key Words: Alkyltin compounds, methyitin, butyitin, organotin.

CHAU, Y.K., R.J. MAGUIRE and P.T.S. WONG. 19BZ. Les composés d'étain-alkyle dans le mitieu
aquatigue. Can. Tech. Rep. Fish. Aquat. Sci. 1163.

Les composgs 4'eétain-alkyle sont tras largement employés a des fins industrietles et
agricoles. Les résultats de notre dtude indiquent: {1) qu'il y a méthylation des composes de
1%etain, (2) qu'on trouve des especes méthylées et butylées dans des échantillons environnementaux
et {3) que les composds organiques de 1'étain, étant plus toxiques gque Tes composes inorganigues,
auraient des conséguences importantes dans le milieu.



COMPARATIVE TOXICITY OF WASTE DRILLING FLUIDS TO A CRUSTACEAW
(PALEMORETES PUGIO) AND A FISH (CYPRINODON VARIEGATUS)

Pnilip J. fonklin and K. Ranga Rao

Gept. of Ziplogy, Univ. of Hest Florida

CONKLIN, Philip J. and K. Ranga RAD. 1982. Comparative toxicity of waste drilling fiulds to a
crustacean {Palemonetes pugio} and a fish (Cyprinodon variegatus). Can. Tech. Rep. Fish.
Aguat. Sci. 1163,

The acute toxicity of a series of 18 drilling Tluids (muds} from an exploratory drilling
operation was evaluated in tests using 2B-day old juvenile sheephead minnows (Cyprinodon
variegatus) and grass shrimp (Palaemontes ougio}. Grass shrimp that molted during the tesis
wers especially sensitive to the driiling muds; the 86-hr L .5 {3653 to 14,585 ppm mud by
volume) are considerably lower than the previously reported toxicity values for driliing muds.
Sheephead minnows were considerably less sensitive fo the muds than were grass shrimp. Although
a number of the driliing muds contained relatively high amounts of chromium, in most finstances
the chserved toxicities did net appear to be attributable to chromium alone. However, there
was a significant correlation between the amount of o0il present in the muds and their toxicity
to grass shrimp. (Supported by U.5. EPA Grant CR-807417)

Key Words: Drilling fluids, sheephead minnows, Palaemontes pugio, Cyorinodon variggatus,
grass shrimp, chromium, oil, Lﬁgn values,

CONKLIN, Philip J. and K. Ranga RAD. 1982, Toxicite relative des fluides de forage résiduaires
pour un crustace {Palasmonetes pugio) et un poisson (Cyprinodon variegatus). Can. Tech. Rep.
Fish. Aguat. Sci. 1ie3.

On vEpifis Tlextrame towicitd de 18 bouss de forage provenant d'um site de forage de
recherche au cours d'expériences mendes sur un fondule, le Cyprinodon varisgatus de 28 Jours,

et syr 1& crevetis Palaemonstes pugie. Les crevettes gui ont mué au cours odes tesis se

révklent particulisvement sensibles aux boues de forage. Les valeurs (L., aprés 46 heurss, s0it
entre 363 et 14 565 ppm de boue par volume, sont beaucoup moindres que vg%9§rs de toxiciis
indiguées Jjusqu'ict pour les bouss de forage. Les fondules sont Leaucoup moing sensibles aux
houes de forage que les creveties. Bien que certaines des boues analysdes contiennent du chrome
dans una proportion assez &levés, dans la plupari des cas, ce métal ne semble pas &ire Ta

seule cause de toxizité. Cependani, on note une corrdlation marqude entre ta guantité de
pétrols contenue dans Jes boues et leur toxicité pour les crevettes. {Bourse de 1'Agence de
Protection de 1! environnement des Etats-lnis CR-BO7417)
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THE FATE OF NATURAL AND INDUSTRIAL ORGANIC COMPOUNDS ENTERIMG THE
MICROBIAL ECOSYSTEM OF THE ATHABASCA RIVER

J.W. Costerton

Biglogy Dept.. University of Calgary

COSTERTON, J.W. 1082. The fate of natura) and industrial organic compounds entering the
microbial ecosystem of the Athabasca River. Can. Tech. Rep. Fish. Aguat. Sci. 1163,

The Athabasca River receives hydrocarbons and organic acids from both natural and
industrial sources. The former constitute a natural “cold water” extract of tar sands while
the latter constitute the products of an industrial “hot water® extract of these same tar
sands. We have used radicactive fracer techniques to determine the fate of hydrocarbons
and of organic acids when these compounds are introduced into the Athabasca River ecosystem.
Qur data show, unequivocally, that the microbial degradation of these compounds within the
flowing water phase of the river is very slow. However, the huge bacterial populations of
the river sediments dearade both hydrocarbons and toxic organic acids at a very repid rate.
This vigorous degradation of toxic organic molecules can be used to detoxify dike drainage
{patent filed) and it accounts for the phenomenal capacity of the oil-adapted bacterial
population of the sediments of the Athabasca River to degrade toxic organic meiecules of
both natural and industrial origin.

Key Words: Tar sands, microbial degradation, oil-adapted bacteria.

COSTERTOM, J.W. 1982. Cheminement des composés organiques naturels et indystriels entrant
dans 1'#cosysteme microbien de la riviere Athabasca. Can. Tech. Rep. Fish. Aquat.
Sci. 1163.

La rivigre Athabasca recoit des hydrocarbures et des acides organiques de diverses
sources naturelles et industrielies. Les premiers sont un extrait naturel des sables
bitumineux, véhiculé en <eau froide» , et les seconds sont les dérivés industriels d'un extrait
des mémes sables bitumineuyx, obtenus par injection d'=eau chaudes» . A 1'aide de fechnigues
de dépistage radicactif, nous suivons le cheminement des hydrocarbures et des acides organigues
apres Teur entrée dans 1'écosystéme de 1°Athabasca. Dlapras nos chservations, i1 est clair
que la dégradation microbierne de ces composds dans 1'eau courante de Ja rivigre est trés Jeate.
Toutefois, 1'énorme population bactérienne des sédiments fluviaux dégrade trés rapidement les
hydrocarbures et les acides organiques toxiques. Or, cetie decomposition rapide des molécules
organigues toxiques peut dtre utilisee afin de purifier Tes écoulements de filons d'injeciion
{demande de brevei déposée}, et cela expiigue aussi ie fait que ltes bactéries des sédiments de
1'Athabasca, €tant adaptées 2 la présence de pétrole, ont une capacitd extraordinaire de dégradation
des molécules organiques toxiques, autant d'origine industrielle que naturelle,
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SERUM SORBITOL DEHYDROGEMASE {S5DH} AS AN INDICATOR OF SUBLETHAL TOAICITY

1 , Z s
.G, Dixen , P.Y. Hodson™ and K.L.E. Kaiser

‘Univarsity of Yaterioo., Waterloo, Ontay

“ranada Centre for Inland Waters, Burlington, Ontario

DIXON, D.G., P.V. HODSON and X.L.E. KAISER. 1982. Serum sorbitol dehydrogenase {SSDH} as an
indicator of sublethal toxicity. Can. Tech. Rep. Fish. Agquat. S¢i. 1163,

Monitoring SSDH activity is a rapid method for determining short-term subiethal foxicity im
rainbow trout. Levels of SSDH activiiy in fish were measured subsegquent to intraperiioneal
injection with either phenol, p-nitrophencl, p-chlorophenct or p-methyiphenal at levels ranging
from 0.075 to 0.75% of the $6h LD 50. In all cases a statistically significant dose-dependent
increase in SSDH activity was evident 48 and 98h postinjection, Experiments o optimize the
diagnostic value of SSDH showed that maximum activity occurred 48h postinjection, that freezing
samsles in liguid nitrogen is the only suitable method for storing serum, and that activity is
affected by neither sex nor fish weight between 50 and 200 g. Serum protein levels decreased with

dose in all experiments, although both the consistency and magnitude of the responses where jower
than those of S50H.

Key Words: Sorbitel dehydrogenase, fish, phencl, op-nitrophenol, p-chlorophencl, p-methylphenol.

DIXON, D.G., P.Y. HODSON and K.L.E. KAISER. 1982. Sorbitol-déshydrogénase sérigue: indicateur
de toxicite sublétale. Can. Tech. Rep. Fish. Acuat. Sci. 1183.

LUlévaluation de Tlactivité du sorbitol-déshydrogenase sérique est un moyen rapide de déterminer
une toxicité sublétale & court terme chez la truite arc-en-ciel. On mesure cette activité chez
Tes poissons, aprés iniection intrapéritongale de phénol, de p-nitrophéncl, de o-chlorophénol ou
de p-methyiphénol dans une proporiion représentant de 0,075 et 0.75 de la valeur LDp, apras
96 heures. Dans tous Tes cas, on reléve une augmentation statiquement apprédciable ég Tlactivite
du sorbitol-déshydrogénase sérigue, en Ffonction de ia dose administrée, 48 heurss et 35 heures
apres 1'injection. Les expdriences mendes en vue d'optimiser }'utiiite diagnostique du sorbitol-
déshydrogénase sérigue ont démontré gue cet enzyme atfeint son point T2 plus actif 48 heures apres
sen injection. 11 ressort dgalement que la congslation des échantillons au moyen d'azoie liguide
sst le seul moyen pratigue dentreposer le sérum, dont P'activitd n'est influences ni par e sexe
ni par e poids du poisson, lorsque celui-gl se situe entre 50 et 200 g. le niveau de protéines
sérigues diminue avec la dose dans toutes les sxpdrignces, bien gue la constance et 1'ampiitude
de la réaction soifent plus faibles que cellss du sorbitol-déshydrogénase sérigue,



COMPARISON OF TRACE METALS METABOLISM OF TWO MARINE CRUSTACEANS, BLUE
CRAB {CALLINECTES SAPIDUS)AND AMERICAN LOBSTER (HOMARUS AMERICANUS)

David W. Engel and Marius Brouwer

Mational Marine Fisheries Service, Beauyfort Laboratory
Beaufort, North Carelina

ENGEL, David W. and Marius BROUWER. 1982. Comparison of trace metals meifabolism of two
marine crustaceans, blue crab, Callinectes sapidus and American Lobster, Homarus americanus.
Can. Tech, Rep. Fish. Acuat. Sci. 1163.

Marine invertebrates have the ability to accumulate trace metals from the environment and
to sequester certain of these metals (Cd, Zn. Cu} in protein bound complexes. Two crustaceans
which inhabit the coastal waters of the eastern U.S. are the blue crab and the American lobster.
Through the use of animals exposed to Cd in the laboratory and in the field, we have been able
to demonstrate by gel filtration chromatography that both species have specific proteins which
complex not only Cd but alse 7n and Cu. Initial measurements of molecular weight have been
made as weil as the tissue distributions of the metals. While both species possess metal-binding
proteins in their tissuyss, there appears to be significant differences between the species with
regard to molecular weight and numbers of metal-binding proteins.

Key Words: Callinectes sapidus, American lobster, Homarus americanus, Marine invertebrates,
blue ¢rab, metal-binding proteins, cadmium, zinc, copper, crustaceans.

ENGEL, David W. and Marius BROUWER. 13982. Comparaison de la métabolisation de métaux & 1'stat
de trace chez deux types de crustacds marins, le crabe bleu, Callinecies sapidus, et is
homard américain, Homarus americanus.

Les invertdbrdés marins sont capables d'absorber des métaux qui existent & 1'état de trace dans
Teur envirpnnement et d'en métaboliser certains {Cd,Zn et Cu) scus forme de complexes protéigues.
Le crabe bleu et le homard américain sont deus types de crustacés des eaux littorales de 1'est des
Frats-Unis. 0n en expose certains spgcimens & des traces de cadmium {Cd), en laboratoire et
en milieu naturel, et on dementre, grace 3 la chromatographie sur gel, gque ces deux espkces ont
des protéines spécifiques qui s'associent non seulement au cadmium {Cd} mais aussi au zinc (Zn)
et au cuivre (Cu}. On fait des mesures préliminaires du poids moléculaire et vérifie la distribution
des métaux dans Tes tissus. Bien que les deux espéces soient dotdes de protéines capables de
s'associer aux métaux, elles semblient prédsenter des différences considérables guant au poids
molécuiaire et au nombre de ces protéines.
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THE DEVELDPMENT OF AR FARLY WARNING BIOLOGICAL MONITORING PROGRAM IN MEW JERSEY

, 1 . 2 o , L3
Henry L. Gavie , Angela Cantelmo and Richard Lutz

‘Mew Jereey Depavriment of Environmental Protection, Trenton, N.J.
2 ﬂ ;
Ramapo Coliegs, Mahwah, N.J,

3 . . .
Rutgers University. Hew Brunswick, N.Jd.

GARIE, Henry L., Angela CANTELMO and Richard LUTZ. 198Z. The developmeni of an early warning
biclogical monitoring program in New Jersey. Can. Tech. Rep. Fish. Aguat. Sci. 1163.

The development of an early warning biglcgical monitoring system is described for the in sity
detection of fexic pollutants. The program utilizes changes in the adenylate energy charge
{AEC) system and microstructural shall growth patterns of the freshwater wollusc, Corbiculs
manilensis. in an attemst to detect sublethal responss ito stress induced by 2 combinad industrial
domestic sewage poini source discharge into the Raritan River in MNew Jersey. Preliminary results
of AEC measured in molluscs coliected from upstream sites reflact healthy populations. Moliuscs
sampies below the point source discharge exhibit consistently lower AED values indicative of
a stressed population. Technicues used to transplant, sample and analyze the moliuscs are described,
and the potential for using sublethal responses of aguatic organisms as & tool in enviroenmental
risk assessment is discussed.

Key Words: Early warning biological monitering, adenylate energy charge, mollusc, Corbicula
maniiensis, sublethal response, environmental risk assessment, waste watler.

GARIE, Henry L., Angela CANTELMO and Richard LUTZ. 1982, Mise au point d'un programme de contrdle
biologique aux fins d'alerte immédiate, au New Jersey. Can. Tech. Rep. Fish. Aguat. Sci. 1163.

On décrit dans is nrésent rappor:t la mise au point d'un systdme de contrdle biologique servant
& la detection rapide, sur place, de polluanis toxiques. e systéme doit permetire de déceler
les réactions sublidtales au stress causd par le déversement de rebuts domestigues et industriels en
un point de la Raritan, au MNew Jersey., & partir des modifications observées de 1a charge énergdtique
d’adénylate et de Ta croissance microstructurale de la coquilie d'un mollusgue dizau douce, Je
Corbiculs manilensis., 11 ressort de la vérification de la charge énergstiqus d’adénylate dans les
motlusqgues peches an amoni du point de déversement que Tes bancs dont 11s provenaient sont en
bonne santg. En revanche, le taux constamment inférieur de ceite charge dans Tes échantiiions
orélaves en aval du point de déversement porie & croive gue Tes populations dont iis proviennent
sont stressdes. Le rapport comporie dgalement une description des techniques employdes pour la
transplantation, 1'dchantitionnage ot 1'analysa, et T'on v traite de l1a possibitite d'utiliser Tes
réactions subiétales des orgsnismes aquatiques afin de déterminer le dangsr auquel esi exposd
Tenvironnement.
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FISH AVOIDANCE OF TOXIC EFFLUENTS
J. Hadjinicolaou and L. D. Spraggs

Civil Engrg., McBill University, Montreal, Quebec

HADJINICOLADH, J. and L.D. SPRAGGS. 1982. Fish avoidance of toxic effluents. fan. Tech. Rep.
Fish. Aguat. Sci. 11863.

The behavioral change in fish exposed to an industrial effluent was assessed using a
new design for a toxicity avoidance apparatus. Rainbow trout (Salmo gairdneri) were exposed
to an effluent containing significant concentrations of nickel and copper. Continuous yideo
recordings were made and the movement of fish statistically analysed to produce an avoidance
curve as a function of concentration. The curve confirms that the fish avoid the effluent at
a concentration considerably less than the lethal Timit. The tethat limit was defined by the
LCBD test in these experiments. Comparison has been made between the avoidance effect of the
actual effluent and its components {copper, nickel, iron) using twe different injection systems.
A cluster analysis using the results of the experiments and literature information defines the
role of the particular effluent to the aquatic environment.

Key Words: Fish avoidance, Rainbow trout, Salmo gairdneri, nickel, copper, iron.

HADJINICOLAOH, J. and L.D. SPRAGGS. 1982. Evitement des poissons aux effiuents toxigues.
Can. Tech. Rep, Fish. Aguat. Sci. 1163.

tes variations du comportement de poissons, lorsque soumis & des effiuents industrieis,
furent évaluées au moyen d'un appareil d'évitement toxigue de conception nouvelle. Des truites
arc-en-ciel {Salmo gairdneri) furent exposées 2 un effiuent contenant du nickel et du chrome
en concentration importante. Des enregistrements video (magnétoscopiques) ainsi gu'une étude
statistigue du mouvement des truites furent réalisés afin & établir une courbe d'évitement en
fonction de la concentration. L'analyse de cette dernmizre confirma 1'hypothise que les spécimens
svitent 1'effiuent 3 des concentrations de beauccup inférieures & la dose 1étale adfinie, pour
ces expériences, par la norme (L50. Des comparaisons entre 1'effet d'dvitement de 1'effiuent
sous analyse et ses composantes (nickel, fer} furent etablies pour deux diffdrenis systémes
d'injection. Uneg €tude, basée sur tes résultats obtenus et les publications antérieures.
circonscrit le role de 1'effluent a 1'intérieur de son milieu aguatique.
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EFFECTS OF STRESS ON THE MECHANISM OF THIOCYANATE TOXICITY IN TROUT
7
Thomas A. Hemiﬁgzq Efizabeth L. Meynz and Robert ¥. Thurston”

“é - o
P University of British Columbis
Yancouver, B.C.

2., - .
Montana State Universily
Bozeman, Hontana

HEMING, Thomas A., Elizabeth L. MEYN and Robert ¥V, THURSTOM. 1982. Effects of stress on the
mechanism of thiocyanate toxicity in trout. Can. Tech, Rep. Fish. Aguat. Sci. 1163.

Effects of stress on the toxicity and metabolism of thiocyanate {SCH™) were examined in
rainbow trout (Saimo gairdreri}. In ﬂon«s§§essed trout, SCN™ had no acutely {96-h}),toxic effect
at water concentrations 1ess tnan 10 mg.i 5 concentrations greater than 100 mg.L = were
required_to produce 100% mortality, When treut were stressed by 30 sec of forced swimming @fter
96-h SENT exposure, however, all Fish died within 45 min at concentrations as low as 8 mg.L .
Death of non-stressed fish is associated with an imbalance of blicod fons. Thiocyanate is
actively transported across the ¢ills in divect competition with chloride ions, resulting in
depletion of blood €17 and accumulation of SCN . Death of stressed fish is characterized by
an immediate loss of equilibrium, gasping and convulsions. Death of these fish may be
attributed to respiratory collapse during convulsions and a stress-induced shift in the
thiocyanate-cyanide chemical equilibrium, resulting in production of free cyanide in vivo.

Key Words: Thiocyvanate toxicity, rainbow trout, Salmo gairdneri, cyanide, chloride.

HEMING, Thomas A., Elizabeth L. MEYN and Robert V. THURSTON. 1682, FEffets du stress sur le
mecanisme de toxicite du sulfocyanate chez la truite. Can. Tech. Rep. Fish. Aguat. Sci. 1163,

On examine les effets du siress sur la foxicité et ta métabolisation du sulfocyanate {SCNT)
chez la truite arg-en-ciel (Salmo gairdneri), Chez Ta truite qui n'est pas soumise & un stress,
le su%facz§na$e n‘a pas d'effet toxigue marqué {apres 96 heures) & des concentrations inférieures
3 10 mg.L . 11 faut une concentration supérieure & 100 mg.L = pour causer un taux de mortalité
de 100 p. 1G0. Par ailleurs, lorsgque les truites sont scumises 3 un stress en étant forcédes de
nager pendant 30 s aprds avoir été exposees au SCN pendani 96 heures, toutes meurent apres
45 mn, méme a des concentrations aussi faibles que 8 mg.L . La mort des ppissons qui ne sont
pas soumis 2 un stress est 1ide 4 un deéséquilibre des ions sanguins. La sulfocyanate est acheming
rapidement &_travers les branchies au détriment divect des ions de chiorure, ce gqui entraine une
baisse du €17 sanguin et une accumulation du SCN . La mort des poissons soumis & un stress est
caractérisde par la perte instantande d'équiiibre. le halatement et les convuisions. On peut
T'attribuer & un affaissement du systeme respiratoire durant les convulsions et a un desequilibre
sulfocyanate-cyanure causé par 1e stress et entrainant la production de cyanure & 1'etat libre
in vive.
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LEAD CONTAMINATION OF FISH FROM THE SALMON RIVER, CAPE BRETON, NOVA SCOTIA
Peter V. Hodscn], Gary F. west1ake2 and Beverly R. Biunt2

gereat takes Fisheries Research Branch, Burlington, Ont.

ZEnvironmental Protection Service, Halifax

HODSON, Peter V., Gary F. WESTLAKE and Beverly R. BLUNT. 1982. Lead contamination of fish
from the Salmor River, Cape Breton, Nova Scotia. Can. Tech. Rep. Fish. Agquat. Sci. 1163.

The sediments of the Saimon River are heavily contaminated with lead as a result of lead
mining and surface erosion of the ore body. The lead content of resident fish was surveyed in
1982 o determine whether this lead was biclogically available and whether lead toxicity could
be expected to adversely affect fish production. Lead contamination was assessed by measurement
of the inhibition of erytheocyte §-aminolevulinic acid dehydratase activity, and blood,
opercular bone and whole-body lead concentrations. Preliminary results indicate that the fish
are indeed contaminated.

Key Words: Lead, sediments, fish, erytheocyte, g-aminolevutiinic acid dehydratase, lead accumuia-
tion, enzyme inhibition.

HODSON, Peter V., Gary F. WESTLAKE and Beverly R. BLUNT. 1982. Contamination par le plomb des
poissons de la Riviere Salmon au Cap-Breton (Nouvelle-Ecosse}. Can. Tech. Rep. Fish. Aguat.
Sci. 1163.

Les sediments de la riviere Salmon sont fortement contaminés par le plomb en raison de
1'exploitation d'un gisement piombifére et de 1'érosion en surface du corps mingralisé. La
teneyr en piomb de ses poissons a été mesurée en 1982 pour determiner si ce plomb était
biologigquement disponible et pour savoir si sa toxicité pouvait nuire aux pfches. On a évalug
1*importance de la contamination en mesurant 1'inhibition de 1'acide &-aminoldvulinigue
déshydratase dans les érythrocytes, et en déterminant la concentration de plomb dans le sang,
T'opercule et tout 1'organisme. Les résultats préliminaires indiquent qu'il y a reeliement
contamination.
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A PICTURE 1S WORTH 100 WORDS: IMPLEMENTING TELIDON IN
AQUATIC TOXICOLOGY

Gérard Leduc

Dept. of Biclogical Sciences, Concordia Unijversity
Montreal, Quebec

LEBUC, Gerard. 1%82. A picture 1s worth 100 words: Implementing Telidon in aguatic
toxicology. Can. Tech. Rep. Fish Aquat. Sci. 1163.

The new videotex technology now offers new means of scientific information storage and
retrieval. Contrary to other conventional means of communication, Teliden offers a high speed,
easy to use telecommunication service giving the user exact up-to-date information at most distant
points across and between continents. In aguatic toxicology, Telidon couild prove to be a most
efficient communication ool for researchers, operational managers, legisiators and educators
providing, up-to-date information on chemical survey and bioassay data, new standards, who's deoing
what, and protocols for bicassays or chemical tests. Other possible applications of Telidon
include: basic files and geographic distribution of toxicants, research design, emergency measures
and environmental impact. A number of Telidon pages will illustrate this presentation.

Key Words: Teliden, aguatic toxicology, communication.

LEDUC, Gerard. 1982. Une image vaut 1000 mots: 1'application de Telidon en toxicologie
aguatique. Can. Tech. Rep. Fish. Aguat. Sci. 1163.

L.a nouvelle technologie videotex offre présentement de nouvelle possibilités de stockage
et de rappel d'information scientifique. Comparé aux autres moyens de communications, Telidon
offre un service de télécammunication rapide, facile d'accés permettant 3 1'usager d'obtenir une
information 3 jour venant de 1'intérieur ou entre les continents. En toxicologie aguaticue,
Telidon pourrait s’avérer un des plus efficaces outils de communications pour les chercheurs,
les gesticnaires, les législateurs et les éducateurs, offrant une information Ta plus récente
sur les relevés chimiques, les bioessais, les standards de référence, qui fait quoi?, les
protocole de hiocessais ou tests chimiques. D'autres applications de Telidon inciuent: dossiers
et distribution gdographique de toxigues, protoccles de recherche, mesures d'urgence et impacts
environnementaux. Un certain nombre de page Telidon vont illustrer cette présentation.
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EFFECT OF LOW PH ON GONADAL DEVELOPMENT OF BROOX TROUT (SALVELINUS
FONTIMALTS): RESULTS FROM A STUDY ON LAKES IN THE SAULT STE MARIE AREA

Robert J.Jd. Roy and W.H. Tam

Dept. of Zoology., University of Western OUntario

ROY, Robert J.J. and W.H. TAM. 1982. Effect of low pH on gonadal development of brook trout
{Salvelinus fentinalis) : Results from a study on lakes in the Sault Ste Marie area.
fan. tech. Rep. Fish. Aquat. Sci. 1363.

The effects of lake pH, alkalinity and conductivity on gonadal development were evaluated
on male and female brook trout taken from Sault Ste Marie area lakes in the summers of 1981
and 1982. The progress in gonadal development in each fish was determined histologicaliy.
Decreased gamete production occurred in both sexes in Takes with lower pH. It was also shown
that Tow pH is highly correlated with a decrease in proportion of yolky eggs and an increase in
the occurrence of undifferentiated eggs. The results indicate that a moderate degree of
acidifidation {1 pH unit) may affect gonadal maturation in brook trout.

Key Words: Low pH, brook trout, alkalinity, conductivity, gonadal development, 3alvelinus
fontinalis.

ROY, Robert J.J. and W.H. TAM. 1982. Effets d'un pH faible sur le développement gonadique
de 1'omble de fontaine {Salvelinus fontinalis) : Résultats d'une &tude des lacs de la
région de Sault-Sainte-Marie. Can. Tech. Rep. Fish. Aguat. Sci. 1163.

Au cours des etds 1981 et 1987, on &tudie les effets du pH, de T'alcalinité et de la
conductivite des lacs de la région de Sault-Sainte-Marie sur le développement gonadigue de
1'samble de fontaine. Un examen histologique mentre Tes diverses étapes du déveioppement
gonadique de chaque poisson. On constate unme diminution de la production de gametes chez les
poissons males et femelies dans les lacs de pH faible. On constate aussi une étroite
corrélation entre 1'acidité des lacs et la diminution du nombre d'oeufs a embryon doublée
d'une augmentation d‘oeufs opaques. Les résultats obtenus au cours de 1'étude indiguent que
T'acidification modérée de 1'eau {(d’une unité pH) peut altérer la maturation gonadique de
T'omble de fontaine.
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PERSISTENCE AND DISTRIBUTION OF METHOXYCHLOR IN AN AQUATIC ENCLOSURE

Keith R. Solemen, Jai Y. Yoo and Narinder K. Kaushik

Department of Environmental Biology, University of Guelph
Guelph, Ontario

SOLOMON, Xeith R., Jai Y. YOO and Harinder K. KAUSHMIK. 1982. Persistence and distribution of
methoxycklor in an aguatic enclosure. Can. Tech. Rep. Fish. Aquaif. Sci. 1183.

Methoxychlor was applied to 325m3 enclosures in an Ontario lake using two methods of
application: complete mixing and surface treatment. Residues of methoxychlor in water,
sediment and the enciosure walls were determined by gas chromatography. The difference in the
distribution of methoxychlor in these systems and their possible biclogical implications will
be discussed.

ey Words: Aguatic enclosure, methoxychler, distributiocn.

SOLOMON, Keith R., Jat Y. YOO and Narinder K. KAUSHIK. 1982. Persistance et distribution du
methoxyclhore dans une enceinte aquatique. Can. Tech. Rep. Fish. Aquat. Sci. 1163.

On répand du méthoxychlore dans des enceintes de 125 m3, aménagées dans un lac de
1'0Ontaric. Llapplication se fait de deux facons: par mélange complet et par application en
surface. On analyse ensuite par chromatographie en phase gazeuse les rdsidus de
méthoxychlore se trouvant dans 1°eau, dans les sédiments et sur les parois de 1'enceinte. Le
rapport discute les variations observées quant & la distribution du méthoxychlore dans ces systémes,
ainsi que les répercussions biologiques qui pourraient résulter de telles distributions.
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RELATIONSHIP BETWEEN STRUCTYURE AND TOXICITY OF TRIARYL PHOSPHATE
COMPOUNDS ON FRESHWATER ALGAE

P.7.5. Wong and Y.K. Chau

Great Lakes Fisheries Research Branch and National Water Research
Institute, Canada Centre for Inland Waters, Burlingten, Ontario

WONG, P.T.S. and Y.K. CHAU. 1982. Relationship between structure and toxicity of triaryl
phosphate compounds on freshwater algae. Can. Tech. Rep. Fish. Aquat. Sci. 1163,

Triaryl phosphate compounds are widely used in many commerical and industrial products,
notably as plasticizers, gasoline additives and hydraulic fluids. The structure and toxicity
relationship of a number of these compounds on the primary productivity and reproduction of
natural phytoplankton from lake water and pure algal culture was examined. In general, the
triaryl phosphates were very toxic to the algae with triphenyl phosphate being the most toxic,
followed by tritolyl, trixyly? and diphenyl phosphates. With tritoly? phosphate, the position
of the methyl group substitution was also important in the toxicity. The "ortho" form was
more toxic than the "meta,” while the “para" form was relatively non-toxic to the algae.

Key Words: Freshwater algae, triaryl phosphate, phytoplankton.

WONG, P.T.S. and Y.X. CHAU 1982. Relation entre la structure des phosphates de triaryle
et leur toxicite sur les algues d'eau douce. Can. Tech. Rep. Fish. Aquat. Sci. T163.

Les phosphates de triaryle sont des composés dont 1'usage est trés répandu dans beacoup
de produits commerciaux et industriels, notamment comme plastifiants, additifs pour 1'essence
et liquides hydrauliques. On a €tudie ia relation entre la structure et Ta toxicité d'un
certain nombre de ces composds sur la productivité primaire et la reproduction du phytoplancton
naturel des eaux de lacs et de cultures d'algues pures. En geénéral, les phosphates de triaryle
étajent trés toxigues pour les algues, je- phosphate de triphényle 1'étant davantage que les
autres, puis, dans 1'ordre, les phosphates de tritolyle, de trixylyle et de biphényle. Dans le
cas des phosphates de tritolyle, la position du groupement méthyle influait aussi beacoup
sur ia toxicité: Le composé “orthe" était plus toxigue que le “méta", alors que ie "para”
gtait relativement non toxique pour les algues.




LEGAL ASPECTS OF AQUATIC TOXICITY
Rv. Great Canadian 011 Sands: A Case Study

Linda Duncan, Wesley Swart and Jitl Flett
Environmental Law Centre
tdmonton, Alta.

In the enforcement of environmental guality
control standards, it is imperative scientists
and lawyers develop a ciose Tiaison so that the
former knows what is needed to prove a case and
the latter, what evidence can be obtained by
the scientists. The Great Canadian 011 Sands
(GCOS) (Rv. Great Canadian 011 Sands}, District
Court of Alberta, January 10, 1978 case has
proven to be a case in point. It left Alberta
lawyers and scientists confused as to the
required evidence for proof of charges in the
province under the Fisheries Act.

in 1876 Great Canadian 011 Sands was prosecuted
for vislations under the Fisheries Act. It was
alleged that GCOS had discharged 400,00C gailons
per day of a substance containing cadmium and
vagnadium from pipes in the dykes of the GCOS
taitings pond. Section 33(2) of the Fisheries
Act makes it an offence to DEPOSIT A

DELETERIQUS SUBSTANCE intoc waters FREQUENTED

by fish.

in order to prove the charge, water samples
were taken and bioassay tests performed with
brook stickleback and rainbow trout. The Crown
also introduced expert testimony of a fish
toxicologist and fish biologist to prove the
deleterious effect of the substance on fish.

The trial judge held that there was no evidence
of dead fish along the river and that actual
damage to fish was necessary before there was an
offence under the Act. Therefore, GCOS was
acquitted.

This ruling was appealed. The appellate judge
found the company not guiity for a number of
reasons inciuding:

T. The Crown failed to produce evidence
of chemical composition of the effluent. There-
fore, the effluent itself could not be found %o
be toxic to the fish.

2. There was no pathelogical evidence show-

ing how the fish used in the bioassay died.

3. There was no evidence of adverse
effects of fish found in the waters.

4. Toxic substances may already have been
in the water naturally because the river fiows
through outcrepping of tar sands which release
natural oil slicks. Even if the GCOS discharge
reached the river, it may not necessarily have
impaired the water cquality.

5. Brook stickleback and rainbow trout
are rare in the river; therefore, they could
not be said to "frequent” the river as was
required by the Act.

6. The dykes discharged the effiuent onto
land which meandered towards the river and
there was no evidence brought forth to prove
that the discharge actually reached the river
itself.

The general conclusions which appear to be
supported by the GCOS decision with regards te
evidence for proof of an offence under S 33(2)
include:

1. It may be necessary to have proof
of a deleterious effect on fish which are
common in the water at the time of the deposit;

2. It may not be essential to show that
dead fish were found along the river but such
evidence would be useful if available. The
presence of dead fish alone, is not sufficient
to prove a substance is deleterious;

3. Bicassay tests are not essential for
proof of the deleterious effect of a substance
onn fish; the appeliate judge considered them
circumstantial evidence only. If biocassay
tests are to be performed it is Tikely essential
that the fish used in the test be ones commonly
found in the waters in question.

Analysis

The GCGS decision is inconsistent with decisions
from similar prosecutions in British Columbia.
In Ry. MacMillan Blodel {Alberni) Ltd. the
judge held it was sufficient for the Crown fo
show the substance was deleterious to any
species of fish regardless of whether it was a
species found in large numbers in that river.
This case also held that the Crown does not
need to show that the water has been rendered
deleterious hy the deposit of the substance but
rather that the substance jtself is deieterious.
This means that the deposit of one drop of a
substance that is deleterious to fish in the
river is an offence even if the actual water

is not rendered deleterious.

In another case heard in British Columbia, the
judge ruled that it was only necessary for the
Crown to prove that some fish were in the river
at some time of the year. There need not be




fish present in large numbers or at the time of
the deposition. This is inconsistent with the
GLOS decision wherein it was held to be
necessary to show deletericus effect on fish
common in the water.

The GCOS decision i3 an important precedent for
the interpretation of 5.33(2) of the Fisherijes
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En 1876, on a intentg uns poursuite contre la
GLOS pour motif d'infractions 4 la Loi sur les
pécheries. En effet, la GCOS aurait devérse
chague jour 400 000 gallons d'une substance
contenant du cadmium et du vanadium dans les
tuyaux menant aux digues de son étang de
résidus. L'article 33.{2) de 1z Loi sur les
pécheries établit qu'il est interdit de<<déposer

Act in Altberta. It is also a very useful
Tesson for lawyers and scientists as to the type
of evidence reguired by Alberta Courts.

However, there are many unanswered questions
raisad as a result of the interpretation
given to this ssction by Alberta Courts and
B.C. Courts. These include:

1. Is it necessary to take fish from the
waters in guestion to perform Dicassays? May
the biologist use species found in the river?
May the biclogist use standard Taboratory
experimental fish?

Z. Must the fish harmed be found in
targe numbers or is it sufficient that they
are found in the water?

3. Do the fish harmed have to be found
at the Tocation of the spill at the time of
spiii?

4. Is it necessary that the water he
made deleterious to fish or is it sufficient
to show the substance itself 1s deleterious?

Only further prosecutions wiil result in
clarification of these issues so that
government and industry will know how the
law is to be interpreted in Alberta.

{a Reine contre Great Canadian Gi1 Sands:

Etude de cas

Dans 1'application des normes de contréle de
guaiité en matiére d'environnement, i1 est
essentiel que les scientifigues et les avocats
entretiennent des liens &troits, afin gue les
premiers connaissent les preuves reguises pouy
soutenir une cause et Tes seconds ajent une
idge des preuves gque peuvent donner les scien-
tifiques. La cause entendue par la cour de
district d'Alberta, le 10 janvier 1878 {la
Reine contre Great {anadian 011 Sands) refiate
justement ce besoin. Les avocats et les
scientifiques se sont troyvés désémpares guant
aux preuves nécessaires pour soutenir le motif
d'accusation porté en vertu des dispositions
de la Lol sur les pécheries, en Alberta.

dans les eaux fréguentées par le poisson... toute
...substance ou chose deiétére>>.

Dans le but de Taire la preuve du chef d'accusa-
tion, on & pris des échantilions d'eau et on a
effectué des analyses sur des épinoches d cing
épines et des truites arc-en-ciel. La Courcnne
a également présentéd les témoignages d'un
toxicologue et d'un biologiste, spécialistes en
ichtyologie, afin de prouver gu’il y avait eu
déversement de substance délétére.

Le juge dtinstances décida qu'on n'avait pas de
preuve gqu'il y ait en des poissons morts Te long
de 1a viviére et qu'il fallait prouver que les
poissons avaient &ié atteints pour qu'il y ait
infraction 3 Ia loi. Par conséquent, la GCOS a
6té acquittée.

On en a appelé de cette décision. Le juge du
tribunal d'appel a reconnu la société non coup-
agble pour diverses raisons, dont les suivantes:

1. La Couronne n'a pas rdussi & présenter
des preuves de la compostion chimigue des
effiuents. Par conséquent. i1 n'était pas
possible dfaffirmer que Tes effluents avafent
causé la mort des poissons.

2. 17 n'y avait pas de preuve fondée sur
les tests pathologigues pour démontrer comment
les poissons étaient morts lors de 1'essai
biologique.

3. On n'avait pas prouvé les effets
néfastes des effluents sur les poissons pris
dans ce cours d'eau.

&, I1 se peut que des substances toxiques
se soient déjd trouvées dans 1'eau, et ce
natureilement, €tant donné que la rividre
traverse des gisements de sables bitumineux d'oil
s*échappent des coulées d'huile., Méme si les
effluents de 1a GCOS avaient atteint la riviére,
cela ne signifie pas pour autant gque ia qualité
de 1'eau en ait souffert.

5. Les épinoches  cing et Jes truites
arc-en-ciel sont rares dans la riviére. Par
conséquent, on ne peut pas dire que ces poissons
fréquentent la riviére, tel que le précise la
loi.

6. Les digues Taissent s'écouter Tes
effluents sur Te sol, et 1'on n'a pas prouvé que
les effluents eaux-mémes ont atteint ja riviére.
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Voici certaines conciusions générales qui se
détachent de la décision rendus dans e cas de la
GCOS en ce qui concerne la présentation de Ta
preuve d'infraction en vertu de V'articie 33.(2}:

1. 11 peut &tre nécessalrs diavoir des
preuves de (effet dé18tkre des efflusnis sur
ies poissons gul sont communs dans la riviere
au moment de s déchargs toxique,

2. 17 n'est peut-8tre pas essentiel de
démentrer gus des poissons morts ont &t8 trouvés
te long de Ya rivigre. CLes preuves pourraient
toutefois se révéier utiles si on les aviat.

La présence de poissons moris ne suffit pas, a
elle seule 3 prouver gu'une substance est
délétere. .

3. Les essais biclogigues ne sont pas
essentiels 3 1a preuve des effets déliétéres
d'une substance sur las poissons. En effet, le
Juge d'appel a estimé qu'il ne s'agissait 1a
que de preuvas chtenues par présomption. S'il
faut procéder & des essais biologigques, 11 est
probablement essentiel que les poissons tesiés
soient des poissons que 1'on retrouve
communément dans Tes saux en guestion.

Analyse

La décision rendue dans le cas de la GCOS ne
cadre pas avec celles qui oni 81é renduss dans
des cas semblabies en Colombie-Britannigue.

Dans le cas de Ta Reine contre MacMillan

Bloedel (Alberni} Ltd.. le juge décida gu'il
suffizait & 1a Couronne de prouver gus la
substance &tait délgtere pour n'imporie quelle
espece de poisson, gque ca soit un poisson
abondant dans ce cours d'eau ou non. 11 ajouta
gue la Couronne n'avait pas 3 prouver gue |'eau
gtait devenus delefthre par suiie dy déversement
de 1a substance, mais seulement que Ta substance
elle-méme Btatt déldtkre. Lette décision laisse
supposer gue le déversement dans une rivikre
d'une seule goutte d’une substance dglétere

pour les poissons constifue une infraction,

meme s1 17eau n'en devient pas pour autant
deldtore,

Dans une autre cause, entendus Bgalement en
Colombia-Britannigue, Te juge a déclard qu’il
suffisait & la Couromne de prouver qu'il y
avait des poissons dans la riviere 3 un moment
de T'anpge. 11 n'Btait pas ndeessaire qu'il v
ait un grand nombre de poissons ou mame qu'il y
ait des poissons dans 1'eau au moment du
deversement. Cetie decision ne rejoint pas la
décision rendue dans Te cas de Ta GCOS, selon
laquelle i3 aurait fallu prouver 1'effet
deletere du deverssmant sur Tes poissons que
T'on retrouvait commundment dans Te cours d'eau.

La decision rendus dans ie cas de Ja GCOS
constitue un précédent important quant 3
1'interprétation de 1'art. 33.{(2) de 1a

Loi sur les pecheries en Alberta. [De plus,
cette decision donne aux avocats ef aux
scientifiques une idée trés nette des preuves
exigées par les tribunaux de 1'Alberta.

Neéanmoins, 1'interprétation de cet article

par les tribunaux de 71'Albearta et de Ja
Colombie-Britannique laisse certazines questions
sans réponse, entre autres:

1. Est-i] nécessaire de prélever des
poissons des eaux en question pour faire Jes
essais biologiques? Le biclogiste peut-il
employer des espéces qui se retrouvent dans la
rivigre? Peut-1l employer des poissons qui
servent géndralement aux expériences en
laboratoire?

2. Faut-i1 gu'un grand nombre de poissons
soient atteints pu suffit-i1 qu'il y ait des
poissons atteints?

3. Faut-il retrouver des poissons atteints
sur le site et au moment mémes du déversement?

4. Est-il nécessaire de prouver gue 1'eau
est devenue délétdre pour Te poisson cu suffit-
i1 de démontrer gue la substance elle-méme est
délétére?

Ces guestions ne seront tirdes au clair que

par suite d'autres procés: Tes gouvernements et
les industries seront alors en mesure de savoir
guelle est 1'interprétation que 1'on donne &

la 1oi en Alberta.
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SIEMARY OF WATER QUALITY CRITERIA WORKSHOP SESSIQNS
by
4.R. Speyer

Panel Participants:

1.8, Speyer, Noranda Research Centre, Fointe (laire, Guebec
4.6, Taylor, Environment Canada, YHater Quality Branch,

. Craig, Ontarioc Ministry of the Envivonment, Water

Resources, Rexdaie, Ontario.

R.C.H. Wiison, Environmental Protection Service, Dartmouth,

Mova Scotia.

The water quality criteria (objectives)

workshop discussion sessions were held on two
consecutive days. To initiate the first session,
panel members each briefly presented their
specific views and concerns on water quality
objectives. These are briefly summarized as
follows:

M.C. Taylor: HMargaret has been and still is
responsible for the pubiication "Guidelines for
Surface Water Quality". The purpose of the
document is to provide water managers with
information regarding toxic effect of chemicals
found in water that could have five different
designated uses. The recommended objectives
should be used for developing site specific
objectives taking the Tocal type of water into
consideration (e.g.,hard-soft}, socio-economic
factors, the uses to be made of the Tocal water,
whether high natural levels of the particular
constituent exist, bicaccumulation, etfc.
Finally, analytical methods and objectives
should be compatibie as it is useless to
recommend 3 level of chemical that cannot be
detected routinely.

G.R. Craig: Regulatory agencies are increasing-
1y faced with demands by the private secior to
Justify water guality objectives in Vight of
more economically demanding times.

Development of water quality objectives previous-
1y involved Tocating the most sensitive
biological response and lowest concentration
cited in the Iiterature as the endpoint. Now
that data bases on a foxicant’'s activity are
more extensive, this allows the development of
objectives that describe different allowable
concentrations of a contaminant in different
receiving waters yet providing the same level

of biclogical protection. While the develop-
ment of future objectives is being impeded by
budgetery restraints, a process by which
industry could review prospective cobjectives
should be initiated.

R.H. Wilson: In Atlantic Canada, where
Section 33 of the Fisheries Act is administer-
ed by Environment Canada, the federal approach,
too, s towards the specification of effiuent
standards based on site specific water quality
objectives {provided that existing reguiations

are met)., The influence of metal speciation and
the more general probiem of biological availa-
bility continue, however, to dictate & conserva-
tive stance.

in the coastal environment, the approach of
protecting the most sensitive use and the most
sensitive species freguently teads to effluent
controls whose purpose is 4o protect shelifish
and/or the associated fishery. For example,

all the present Tishery closure zones in Atlantic
Canada are based on the contamination of moiluscs
or crustaceans by microorganisms or chemicals.

Inability to predict uptake rates of metals and
organics in specific estuaries means that the
development of water guality objectives must
necessarily be somewhat arbitrary, especially in
situations where bicaccumylation is important.

H.8. Speyer: Technologically derived effiuent
standards are an integration of avatlahle control
systems, treatment costs and an accepted but
Timited effect; water quality objectives are
derived from unadulterated science. Hhile the
Tatter should not be compromised by the
Timitations of polilution control technology, an
unprejudiced review should be initiated to
examine the manner by which objectives are
developed. The almost exclusive use of
laboratory derived toxicity resulis is
guestioned in the case of many of the heawy
metals where total conceantrations do not
necessarily reflsct toxic lgvels. The review of
some water quality obisctives, especially

those developed by the U.S.-EP4 {1980} for the
protection of marine aguatic organisms, suggests
a disregard for the biocaccumulation potential of
some contaminanis.

SESSION 1

To set the ground-work for the group discussion
pericd, dictionary definitions were presented
foer the terms criteria, objective and reguiation.
These definitions were presented as:

Criterion - a standard on which judgement may be
based.
Cbhjective ~ an aim or end of action.
Regulation - an order issued by an executive
autherity of a government and
having the force of ‘taw.
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The audience appeared less conce
the actual definitions than *he%
in the overall develiopment of
obhjectives. & discussion on the popGSE of
chjactives and regulations was thes initiated.
Generaily, the consensus was that a receiving
water ohjective served a3 a basis for setting
effiuent regulations. The majority of the
workshop participents felt that, for z lack

of & betfiar approach, the use of laboratory
toxicity test resulfs for setting objectives
was justified., Furthermore, the use of
Towest effect concentrations for a very
sensitive test organism in developing
receiving water objectives was atso believed
tn be & valid approach by most participants.

SESSION 11

R. Wilson started the second session of the
viorkshop with a case siudy which he used as an
example to demonstrate how receiving water
ohisctives were used to set effluent regulations.
Factors that were implicated in the final
decision were such Ttems as water flow,
bigaccumulation potentiial of the contaminanis

and protection of a iocal fisheries resource,
such as an oyster fisheryg having regard to

site specific conditions. Fluctuations in the
quality and guaptity of effiyent river discharges
complicate the determination of effiuent
standards which accurately reflect the nesd for
control based on water quality objlectives. The
precision of such standards s, as a resuli,

much lese than that of the underiying

toxicoliogy

The subisciive approach to setting some watler
guality objectives was discussed raising the
ohisctives {protection of aguatic 1ife) for
selenium as an exampie. The Ontaric Ministry
of the Enviroament {1879} and the Interpational
Joint Commission {1978} set Se objectives of
100 znd 10 ug/L respactively sven though the
raticnale sections for the two objectives were
identical.

The restrictive U.5. EPA approach in setting
ambient water quality criteria was also briefly
discussed. The present approach by the U.5. EPA
disregards any toxicity information that does
not provide a 96-h LOBD or was not derived from
a life-cyclie or partial Vife-cycle study. The
bicaccumulation of heavy metals was not con-
sidered in most cases and resulted in some
criteria {especially merine) being set too high
to prevent significant bioconcentration of
contaminants in commerically important
organisms from occurring.

That many objectives (both Canadian and
American) have been set at or below defection
Timits of routinely available measuring equip-
ment was vecognized to be a problam.  Most
pa“t1c35aﬂts o1t that objective concentrations
of contaminants should be easi%y measyred by
technology that is commonly aveilable to most
enforcement agencies and other groups involved
in routine monitoring.

o

m the workshop

nel members,it appears
water quality oblectives

Qﬁﬂié?ﬁ; Some highlights of the

are as follows.

I SSA.EE of
ussion 9§‘f’"§§}

that different agencies will use
o estabitish ohiectives
values depending on the

1t was noted
different approaches
and arrive at different
desired level of protection. 1t would theve-
fore in the future be expectsé to observe more
conflicting endpoints and iess agresment

hetween agencies as new objsctives are deveioped.

The majority of participants recognized existéng
objectives as being "better than nothing” for the
protection of a particular water use., These
objectives provide a reference point for furiher
discussions between govermnment and Industry ip
setting final site-specific recelving water
obiectives. 1t was also suggested by one of
the panel members that industry become mors
invoived in the revisw process and actually
participate in the development of objectives and
requlations. This would result in indusiry and
goverrment becoming collaborative partners In
anvironmental protection io meet their social
responsibitities as a part of the community.
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Les séances de discussion en atelier sur les
critéras ou abjehwigs de 1a gua§‘+é de 1'eau ont
duré deux jours., On a entamé la prewiére séance
en demandant aux experts de Q?ESEﬂaew brigévement
Teur point de vue guant aux objectifs de

gualité des eaux. Yoici un apercy de ces
préseniations:

e Tayior &3t responsable des
Lagres é"f Qtf?x@ﬁ sur la qualii8 des saux de

surtage, dont ia | &dition a pary en 1879,

Le éﬁﬁﬁmﬁat dorme aux gesticnnaires 1'information
yvoulug sur les effets toxigues des produits
chimicues gue Tion retrouve dens 1'eau gqui
pourrait avoir cing utilisations. 11 est
possible.en tenznt compte de itz composition de
T'eay dans e région, de se servir des

abiectifs recommandés afin d'Elaborer des
cyitdres appropriés au site:
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eau douce ou dure, Tatleurs conomigues
de ta région, usage ou's ‘eoay, forte
LGP” n+W5 59% ratgrﬂ Ee ganie

c. Far

a" ears, él ;aua %u% 1 sgient

csmgatib?es aver ies mithodas d'analyse, car

17 est unutile de recommander un seuil
chimique

d'acce Pt tabi1ite pour un produit
o 571 est impossible d'en déceler facile-
ment Ea oy

tant domne la conjonciure

les agances de regéemaraa=1on
plus en plus justifier auprks du
i ies ngesﬁ; 3 de gualite des
nt. 1'&laboration de tels
ait qu ‘on accepte, comme
imites, la réponse biclogigue
a concentration la plus
ours des Btudes. Grace
s plus compldies sur les
iuits LGX?q&es, ant peut
obisctifs qui spécifient
“ETEY@ﬁTeS nour un produit
saux de riception, tout en
niveau de pretection
b?uzﬂ§3ﬂd“ 3 i ictions budgétaires
actuellas empBonen ‘é?abaratécﬂ de nouveaux
pbiectifs, wmais 11 faudrait quand mbme
sntreprendre un procassus permetiant 3
Tiindustrie diexaminer les objectifs proposés.

duﬁ

g3
Qﬁu'} ] fi’l*f“)
Lo

AN

o o
"u

L

5 jes Maritimes, of 1'applica-
3 de Ta Loi sur les pdcheries

Héésaﬁ Gan
f%ou de 1articie

raléve diinviromement (anada,
Ffédéral a tendance i précgiser les normes
relatives a x eaux résidyaires en se fondant
sur des objectifs itrks précis {tout en
satszazbaﬂt aux riégliemenis en vigueur).

i 'influence de la combinaison des wmétaux &
@‘éULWGb substances et le pr@biéme gde nature
plus waﬁafzée gque renrésents la disponibilite
313e9, ique continuent 2 dicter une attitude
ney flexibie

te gouvernsment

Dans un environnament marin, 1'approche

yisant 2 proiBger les especes les pius
sensibles mane ginbralement & 1 imposition de
contrfies des eaux vésiduzires gul permetient
de prftegew les crustacéds ou 1industrie de
péche tocale. Par axemple. certaines zones de
1a rigion de 1'Atlanticue ont 4G eire fermBes
a la péche par sufte de la contamination des
motlusgues ou des crustacés par des micro-
orqanismes ou des produits chimiques.

{'incapacité de prédire les faux de pépitration
des composds organfoues dans les estuaires
signifie que 1’ Blaboration 4'objectifs de

qua 11te des eaux sera nécessalrement arbitraire,
surteat dan< les situations ou le taux
d'accumulation biclogique est important.

M.R. Speyer: Les normes visant les eaux
vEs5iouaires industrielies résyltent de
1inteoration des meilleurs sysidbrmes de
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AQUATIC TOXICOLOGY - WHERE DO WE G0 FROM HERE?
Michasl Prior

Alberta Environmental Centre
Vegreviile., Alberia

PRIOR, Hichasl. 1982. Aquatic toxicology - Where do we go from here?
Can. Tech. Rep. Fish. Aguat. Sci. 1183,

The LC.. should not be regarded as the epitome of aguatic toxicology, which has accumulated
a cansideraﬁ?e body of knowledge on the whole-body response to xenobiotics. The reliance on short
term bioassays has emphasized the immediate effects of exposure over chronic, or delayed, effects,
The lack of a large body of knowledge on anatomo-physiciogical responses is a sign of this skewed
approach. There needs o be more work an evaiuation and prediction of adverse effects, particular-
1y, in the field of aguatic toxicelegy. Improved communication between aguatic and other arsas of
toxicology would remove mutual misconceptions. To answer the guestion in the title of this paper,
;t is necessary to ask: s aguatic toxicology a biological discipiine or a mylti-disciplinary
ietd?

Key Words: Aguatic toxicclogy. xenobiotics, bioassays.

PRIOR, Michael. 1982. La toxicoliogie aguatique - OB en sommes-nous?
Can. Tech. Rep. Fish. Aguat. Sci. 11863.

On ne devrait pas considérer Te CL50 comme valeur par exceilence en taxicologie aguatique,
malgré 1'importance des connzissances acquises dans ce domaine sur la réaction d'un corps sain
aux agents exitérieurs. L'utilisation de ces analyses biologiques & court terme 2 mis 1'accent
sur les effets immédiats du contact avec un agent étranger au détriment des effeis chroniques
ou 3 terme. L'insuffisance des donndes sur les réactions anatomo-physiclogiques démontre bien gue
1'approche est biaisde. Davantage de travaux sur 1'évaluation et ia prévision des effets nocifs
sont nécessaires, notamment en toxicologie aquatigue. HNous avons donc tout intérét & améliorer
Tes échanges entre la toxicologie aguatique et les autres domaines de la toxicoliogle afin
d'éliminer les malentendus de part et d’autre. Pour répondre a 1a guestion du titre de cet
article, i1 faut se demander: la toxicologie aguatigue est-elle une discipiine biologigue oy
un domaine multi-discipiinaire?
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inarign I note that we are ravely summonsd to assiel at normal births except in
the case of expsnsive racehorses. Hsually, we ave moned to assist at the 41fficult cases
where the birth process has gone awry. Thus our sxperience fends fo pertain to the zbnormal
birth process. Because of this, male veterinarians are fraguently very uptight when their wives
are giving birth, They anticipate the worst because that ig what their experience would teach
them. Toxicology is the study of adverse effects of chemical and other zgenis on Tiving
organisms. Just as our expectant veterinarian must remember that mest parturitions procesd
without compﬁsca+1er s S0 must the toxicoipgist remember that most living organisms have
responses that fall into a spectrum of normality., The abnorma] or adverse responses are an
abarration of that spectrum. The toxicologist and cur expectant veierinarian must censider the
adverse reaction in the context of normality.

As a3 veter

When one considers that the same species can be found in the Barren Lands of (anada, the
Sahara of Africa, the Arizonas desert and the rain forest of Brazil, and is carnivore, omnivore
or herbivore, we are reminded that many organisms adapt to a wide range of epvironments. This
is important because we have to be able to distinguish between physiological responses
(normality) and pathological {adverse) effects and, further, to determine whether thay are
significant or not, or reversible or not. The species [ referved to above 15 a terrestrial
mamma! that, if you reject the Hypothesis of Goose-Berry, spent the Tirst 36 weeks of existence
as an agquatic mammal. 1 am, of course, referring to man (Homo Sﬁg1€ﬁ§}, Man, Tor better or
worse, 15 the prime focus f&r much of the current work in toxicoiogy. And 1 would Yike to Took
at some of the similarities and differences betwesn aquatic toxicology, whatever that may be,
and mammaiian toxicology, whatever that may be. IF we exciude those members of the human race
who are studying the effects of inhalation of the products of combustion of Nicotiana tabacum,
most toxicology is conducted on animal wsﬁe:s with exirapolation of these f?ﬂdéags o man.
There are some characteristics of aguatic and mammalian toxicology that 1t would be helpful fo
further expliore.

Aquatic Toxicology Mammalian Toxicolo

Protection of g@guéatﬁeﬂs of 1. Protection of iadividuals of
many and diverse $p€cf one species,

2. Margin of error not siy nif- 2. Margin of error significant,
icant, 1ittle societa)l ervor unacceptable 1o soriety.

imp?fcatisn in baing wrong.

3. Can test species of concern. 3. Animal models.

4. Species of concern not always 4, Species of concern Known,
known,

5. Extrapplation uncertain. 5. Extrapoiation uncertain.

6. Regulatory reguiremantis. &. Regutatory requirements.

7. Test systems unstable, 7. Test systems stable

Let us now explore how thess two branchss

toxicolo

would examine for toxicity an industrial

ay
product being relessed Into the acuatic envircmment. As I understand it, the agustic
toxicologist might examine this industrial product by exposing reinbow trout {Salmo gairdnert)
for 96 hours to known congentrations of this product in sﬁ&taf and flow~through Toxicity fests.
The product might be testsd wsing one of the bivassays based on guenching of luminescence

{Photobacterium phosphorascens?,

Toss of mobitity (Spirilium volutans), or daphnids. Surveys

may be conducied of ﬁﬂvartebrate and Tish populations, An 3qua+ic model ecosysten may be

studied for determination of bioconcentration and checked by field observations. These studies
wouic give us the following information:

a. 96 b LE50 Salmo gsirdneri

b, & m ECA0 notobacterium phosphorescens
c. 5 m MECHD SpiviiTum volutans

d. 48 h LCBO Daphnis magne
]
f
g

. Bigconcentration ratios
. maxTmum allowabTe toxicant concentration {BATC)
g. changes in invertebrate and veriebrate popuietions
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In the same example, what might the mammalian foxicolouist do? Before conducting any toxicity
testing, the toxicologist would 1ike to define the industrial product. dhat chewical or
chemicals are present in this industrial product and in what guantities? Tn some cases it would
be helpful to know the species present. We are all aware of chromium Y1, but what of arsenic,
copper, mercury or selenium. Valency, inorganic or organic forms,and isomerization will affect
toxicity. Will chemical reactions occur when the industrial product enters the agquatic
environment? At the Alberta Fnvironmental Centre we are conducting research on sulphur
emissions which leave the stack primarily as sulphur dioxide. Subsequent reactions convert some
of this gas into sulphur acids and particulates, thus changing the potential toxicity of this
emission [or industrial product)., If one knows the chemical compounds in the product, it is
sossibie 2o predict some possible effects. Konemann {1981a,b,c} proposad the Mixture Toxicity
Index for dissimilar action mixtures; Anderson and Weber {(1575) the Concentration Addition, for
simple Iike-acting mixtures. Unless we can define the product in chemical terms, whether as a
pure single compound or a mixture of known &liquois of compounds, it is impossible to determine
dose as opposed to exposure concentration. Which constituents of a mixture cause the adverse
effects? Knowledge of the chemical constitution of this product might enablie the toxicologist,
whether aquatic or mammalian, to predict which body systems might be affected, or which species
might be affecied.

The purpose of the acute toxicity tests, in whatever species, and whatever environment,
should be threefold:
1} to identify ciinical manifestations of acute toxicity;
% tp give dose-ranging guidance for other tests:
3 to establish LC [Don, ECpp or Efi., values for comparison
with other subs%géees§ﬁ 50 50

1t should be recognized that this parameter is variable and not easily reproducible between
Taboratories. These values are means to an end, not the end. Although, of course, for the dead
animal it is indeed the end. Remember that acute studies constitute the initial work in
studying the toxicity of this product. One would hope that the route of administration is
correlated with the route of exposure. Whales and sharks might differ in the route of exposure
because one is air-breathing., what is the relationship between exposure concentration and
response. Are there differences in respgnse between species? Most of us take aspirin for
headaches: should you give the same drug to your cat you may have the headache explaining to
your spouse why vour pet died. This is because the cat has difficuliy in metabolizing and
excreting the active ingredient contained in one tablet. Ciinical signs, behavior, times of
onset and recovery, gross pathology and histology will give some indication of targel organs and
body systems affected. In addition to observation of test animals, our mammalian toxicologist
would request necropsy for all animals that died during the test and of all survivors. If the
purpose 15 to gain some understanding of the adverse effects then use syfficient animals, for
example 10 per exposure level,

If one is solely interested in determining that dose which will k111 50 percaent of the
exposad population, then one can get almost as good an estimate with Two animats per dose. The
point that I wish o make is that it is a waste of resource to refire to the nth dagres a number
which 1% inherently variable. It would be a better use of resources for the acule toxicity test
t5 indicate the target systems or organs and the adverse reactions that might be expected. The
{C.. value is an indication of relative toxicity and is a meaningfess number, in relation to the
reg? world, unless further information is available, Both the aquatic and mammalian
toxicologist conduct their acute toxicity tests with whole, Tive animais and, within the context
of this workshop, 1 include invertebrates and veriebrates as animals. For the mammalian
toxicologist there is a growing and significant pressure to reduce the number of animals used
for research purpsses. Indeed, over the past decade the number of animals used for research
purposes in North American has declined. However, we should remember that the majority of
animals are used for regulatory requirements. Considerable intellectual encouragement and
financial support is now available for alternative means of screening for regulatory perposes.

I would ask you whether it is any less rational to conduct biocassays on Photobacterium
phosphorescens or Spirilium volutans when we are concerned with the agquatic environment than it
s to use Salmoc gairdneri, Rattus morvegicus or Canis familiaris, when the focus of our concern
is man and the terresirial environment.

What we have been doing so far is to follow a tier approach. The first tier wes to define
the material to be examined; assessment of exposure; and examination of the acute toxicity of
the industrial product. At this juncture both the aquatic and the mammalian toxicologist are
faced with major decisions. Let us assume that the product did not immediately kill or cause
observable adverse reactions in the several species tested in the acute toxicity test. The
mammalian toxicologist would then proceed to a second tier fo conduct metabolism and
toxicokinetic studies. The acute studies gave an approximation of dose ranges, and the
metabolism and kinetic studies would extend this information and have three purposes:
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varﬁaf
23 to def
matabolism and etipd
3 to §*¥$ guidance in
species, dose, rouls
and specific fesis.

ameters. The metabolic
metabolitesy will
3058; if thers is

towing a single dose; are
sriate mathematical model

One i3 aiming
fiﬂgﬁrp“*”t wiil fac GiF:|
determine if there are chaﬁge in Lﬁe metabo Ak
repeated exposure i there enzyme induction w% ich would not be
there species variations, The kinetic paramefers will enzbie th ﬁ

to he developed to desoribe the observations and w;gx gscariain sg and other conditions
under which a steady state i3 sttainad and the various metabolic, transport, sxeretory and other
brocesses become saturated, At this point I have to confess thel this is the ideal approach.

to eskaé ish a2 "metabod

It cannet be emphasized too strongiy that acuts foxicity tests will not detect chemicals
whose effect requires passage of fime before expression. HNeither a 96-hour, nor & 1d-day, acute
toxicity test would identify asbestos, d?et?} tstitbestrol, or benz-a-pyvene as very toxic
compounds. These short tests might identify aflatoxin as an acute hepatotoxin but would miss
the necp%asfa which will develop later. In fact, one might hypothesize thet death, aithough &
dramatic end-point for an individual of any J@ciesﬁ muJ be an ipsignificant end-point from the
perspeciive of a population, YWorld War I may be regarded as & ftoxic event in terms of human
epidemiciogy since it decimated males of reproductive age in several countries of Europe. This
decimation was compounded by 2 world-wide epidemic of a virulent influenza virys. Sixiy years
tater we are very concerned at the growth of the human nopulation. This i3 not to deny that
there wers local effects but on a global basis these were s biip. Death as a biclogicald
end-point may be contrasted fo & mutagenic agent which produces deleterious genetic effecis in
subsequent gererations., It is a chillino thought to vemember that some 10 percent of 211 human
disease may have & genetic component; whether chromosomal aherration {Downe’s syndrome), single
dominant gene {bilateral retinchlastoma), or recessive genes (sickle cel? ansmial.

The acustic toxicologist needs fo know definad use of the water before assessing the
information accumulated thus far., {riterd industriz] use, human drinking water, and farm
irrigation may well differ, For exampl uid manure s sorayed onto farm land {acceptable)
but is not potable {unaccepiable]. Et is orobable that a different battery of tests will be
used, dependent upon the defined uses, If one can climd over that hurdle, or ig 1t swim up that
fish ladder, then QSQ%?@E?&??&& must be gliven fo the refation of that baitery of tests to the

ctual situstion. If has been shown that Tish, insects and plants consistently asccumulated
compounds less @fficfefmiv from Red River water than from dechlorinated Winnipeg water {Lockhart
et al. 19872}, Acclimatization occurs with ammonia and chiorine {Llovd and Orr, ?952}n The
survival of Fish fed five streins of brine shrimp neuplii ranged from 82 to §7 percent {Beck and
Bergstrom, 18823, The @% affects the foxicity of ifonizablie compounds, e.g..phenci derivatives
{Katla and Saarikoski, 1977}, fuantitative structure activity relationshins {Q58R), 2 concept
given much impetus by Haﬁgah and co-workers {1971} ars a means of identifying the
biological-chemical interaction potential {er dose) as opposed to concentration {Ferguson,
1938}, Cytochrome P,450 45 induced éy genaphthofiagvene (Flcombe et 21, 1979) and
arylhydrocarbon hyﬁw%xyiasm by petroleum components [Pavne and Penrose, 19753, Oxidation
proceeds more slowly n hydroiysis or conjugation. These Tindings of zorption,

acclimatization, nutrition, pH, 0SARs, and metabolism are nol unigus to aguatic foxicolog
similar findings are documented in mammalian toxicology. They do indicate some of the
difficulties encountered when one triss to extrapoiate from laboratory to fieid, If seems that
it is at Jeast as difficult to predict effects on the envirvonment as 1% i3 to predict effects on

man.

Befors estimating the affects on the taroet species, both toxicelogists might conduct some
furth tergd . K
urther studias:
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chronic
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We should not forgei that in order to estimate effects on individuals or populations we

must correlate morbidity and mortality with normal biological or patholegical changes.
tatistically, some of us will have biochemical, structural, or physiological differences that
will set uys apart from the "normal” humen being. It is important to understand whether these
differances are, in fact, significant or insignificant either for our own well-being or that of
the survival of the species. As you will realize, I use the word "significant” in its
biological rather than its statistical sense. In attempting fo estimate effects on individuals
or pepulations it may be technically difficult to test the aguatic species of concern and it is
certainly legally and morally difficult to test human subjects. Therefore, both the aguatic and
the mammalian toxicologist share the preblem of extrapolation te other species, for example, to
indigenous aguatic species or to man. Really, is it relevant to extrapolate from a rainbow
trout to indigenous Tish species of Alberta waters; or from rats and pigs to man. Before one
can extrapolate, one must show that those metabolic and kinetic parameters discussed earlier are
similar in both the animal model and the species of concern.

Genetic toxicology is the microcosm of the problem of extrapolation. Arising out of the
current obsession of cur society to prevent cancer, we have a Targe number of short term
bioassays to detect mutagenesis and which are used as indicators for carcinogenic potential,
Lest any aguatic toxicologist believe that this is only of concern for the human species, let
me remind you that mere heterozygosity for a deleterious recessive mutation may incur
disadvantages with regard to viability despite the phenotypic dominance of the unmutated gene.
In other words, neoplasia are not the only biological end-points which may adversely affect a
population. Indeed, it is unfortunate that there are nc clear-cut ways to predict genetic
affects, Considerable effort is recuired to establish correlations and to reduce to a minimum
the possibilities of obtaining either false positive or false negative resuits, Mutagenicity
testing alone cannot define a compound as a carcincgen. To conduct carcinegenicity ftesting on
whole animals at low ambient levels requires very large numbers of animals.

In this brief presentation I hope that I have persuaded you not to regard aguatic
toxicology as something uniquely different from general toxicology. After all, the aguatic
environment includes a wide range of species producing zootoxins. Some examples would include:

Protozoa - dinoflagellates

Porifera - sponges

Colenterata - Portugese man-o-war, jellyfish, anemones, coral

Echingdermata - sea urchins

Moliusca - snails, shellfish, octopus

Chordata - stingrays, weever fish, sea snakes, sharks, and
putfer fish,

Every year deaths are recorded of human beings who had a close encounter of the terminal kind
with Portugese man-c-war, paralytic shellfish poisoning or puffer fish toxicity. On land there
ts the Russel} viper and the African puff adder and, more closely to home, the rattlesnake.
Whiist still in the terrestrial environment, let us remember that the duckbili platypus, spiny
anteater, and some shrews also produce zootoxins. Although there are obvious differences
between the two environments, the zootoxins produced by the respective inhabitants act along
well known comparative toxicological principles. May I remind you that the polar bear, bearded
seal and walrus induce toxicity when their livers are consumed as human or animal food. The cow
and the whale suckle their young through similar physiological mechanisms. Thus, is it not more
probahie than improbable that xenobiotics, and that mysterious industrial product, will be
metabolized through similar pathways of oxidation, reduction, hydrolysis, conjugation,
acetylation or thiocyanate formation, whether microsomal or non-microsomai?

In conclusion, aquatic toxicology has accumulated a considerable body of knowledge on the
whole-znimal responses to xenobiotics. Mammalian toxicology has accumulated a considerable body
of knowledge on the anatamo-physiological changes in addition to whole-body responses. In
dealing with that industrial product mentioned at the beginning, it doesn't matter whether this
is a new antibiotic or industrial effluent. Both will affect eukarvotic and prokaryotic
populations, both may cause beneficial or deleterious effects, and both may emerge in the
envirenment. 1 close with cne suggestion, one request and one question. The suggestion is that
there be more work or evaluation and prediction of adverse effects in the field of aguatic
toxicology. The request is that there be improved communication and dialogue between aquatic
and mammalian toxicology. The question is this: Is aguatic toxicelogy a biological discipline
or a muiti-disciplinary field?
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AQUATIC TOXICOLOGY - QUG VADIS OR WHERE D0 WE GO FROM HERE?
Legnard E. Lillie

Alberta Environmental Centre
Vegreville, Alberta

LILLIE, Leonard E. 1982. Aguatic toxicology - Quo Yadis or where do we go from here?
Can. Tech. Rep. Fish. Aguat. Sci. 1163.

Aquatic toxicology is constrained by & self image which tends to limit its work to the
preservation of aguatic populations and aquatic ecclogical relationships. A more expansive view
would have it concerned with the health and stability of water systems inciuding but not limited
to aquatic biology.

The "practice” of aquatic toxicology seems to have plateaued at the LCSG‘ Yet this test (and
its equivalents) is not the end point of toxicologic testing but only the beginning. This
test does provide an indication of potentially acute toxic effects to aguatic populations in the
immediate vicinity. However it tells us relatively little about the general or long term effects on
the health of the receiving water system.

Can the techniques and methodologies of mammalian toxicity testing be adapted to aquatic work.
" The answer is a qualified yes. Unless the toxic principle, the dose, the target organ{s} and the
toxic mechanism are known, toxicity testing cannot truly be said tc have occurred. It is in
answering these questions that aguatic toxicolegists can benefit from the approaches in place
or being introduced in other branches of toxicology. Finally, toxicology is an integratl and
inseparable symbiotic relationship between chemistry and biology. lnless aquatic toxicology
includes an appropriate measure of each, it will continue to lag somewhat behind the general field
of toxicology. Aquatic toxicelogy is too important to permit that to occur.

Key Words: Aquatic toxicology, water systems, mammalian toxicity.

LILLIE, Leonard E. 1982. Lla toxicologie aquatique - Quo Vadis, ou Ou en S0mmMes~nous?
Can. Tech. Rep. Fish, Aguat. S5ci. 1163.

La toxicologie aguatique se trouve contrainte par sa propre image qui tend & restreindre ses
travaux 2 la préservation des populations aquatiques et des relations écologiques dans ie milieu
aquatique. Une perspective plus lareg 1'entrafnerait i s'intéresser d la salubrité et la
ctabilité des milieux marins, dont la biologie aquatique, mais sans s'y Timiter.

La pratique de la toxicologie aquatique semble s'étre arrétde au CL5C. Pourtant, ce test{et
ses équivalents) n'est pas le point ultime des analyses toxicologiques mais seulement le début.

Ce test fournit une indication des effets toxiques potentiellement graves pour les populations
aquatiques dans le milieu immédiat. I1 nous revele relativement peu de choses cependant en ce qui
a trait aux effets généraux ou a long terme sur la salubrité du milieu marin.

Les technigues et méthodologies employées dans les tests de toxicologie chez les mammiféres
peuvent-elles &tre adaptées au domaine aquatique? I7 nous faut répondre d'un oui mitigé & cette
question. A moins que 1'agent toxique, sa concentration, le ou les organes visés et le mécanisme
toxique ne soient connus, on ne peut parler d'analyse de toxicité, C'est en répondant 3 ces
questions que les toxicologues aquatigues pourrcnt tirrer profit des approches déjé existantes ou en
voie d'étre adoptées dans d'autres branches de la toxicologie. Enfin, la toxicologie est en
relation de symbiose étroite entre la chimie et Ta biologie. A moins d'incorporer suffisamment de
ces deux disciplines, la toxicologie aquatique continuera d'étre & la remorque des autres domaines
de la toxicologie en général. Et elle est trop importante pour laisser une telle chose se produire.
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