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PREFACE

This volume is the proceedings of the sixth in a series of amnual
Canadian Aquatic Toxicity Workshops. The Workshop has provided, since its
beginning at the Freshwater Institute in 1974, a forum to present and discuss
approaches, concepts, methodologies, results and applications of toxicity
testing for the protection of aguatic organisms and their habitat. Since the
Workshop has maintained an informal atmosphere it also serves as a place to
discuss related issues relevant to aguatic toxicology in Canada, to contact
colleagues from universities, industries and governmental agencies, and to
review "the state of the art".

In 1979 the Organizing Committee called for papers and posters that
related to the following general themes:

1. Novel laboratory responses and techniques, including the use of
different organisms, life historv stages, biological levels of
organization, and sequences or networks of multiple tests.

2. Approaches to assessing adverse effects in the field and to
relating laboratory studies to the field, including the use of
specialized exposure chambers, vessels or corrals and of field
sampling methods.

3. Approaches in evaluating and controlling the adverse effects of
potential or intentional discharges of chemicals applied to the
environment for agricultural or forestry purposes.

After receipt of papers and posters the Werkshop was organized into
four plenary sessions and six workshops. The plenary sessions considered
the fellowing subjects: Field Approaches for Evaluating Pathways and Effects
of Chemical Contaminants in Freshwater Systems; Approaches to Developing
Biocassays with a Proposal for a Standard Toxicity Test with Arfemiq nauplii,
and Aquatic Toxicology and Risk Assessment - Where to Now? The workshops
were entltled Novel Approaches for Studying Uptake, Distribution and Effects,
Early Life History Stages of Fish, Toxicolegy of Metals and Other Tndustrial
Wastes, Factors Affecting Pesticide Toxiecity, Diet and ¥ish Behavioural
Responses, and Significance of Biocaccumulation Studies.

Each workshop consisted of the presentation of four to six papers or
posters followed by a thirty minute open discussion. This discussion assisted
the chairman in preparing a five minute summary of the presentations and
recommendations for research priorities to the general meeting.

In the Closing Cowmments section of the Workshop, a lively discussion
ensued on the advantages and disadvantages of formalizing the annual meeting
possibly through the formation of a professional society. While the workshop
is not gponsored by a formal society and is organized by a different volunteer
group each year, interest has heen continually expressed in the formation of a
society of environmental or aquatic toxicology. To provide a basis for
further discussion, Dr. Peter V. Hodson of the Great Lakes Biolimnology
Laboratory in Burlington, Ontario was asked to Investigate the pros and cons
of forming a soclety. His investigation will be presented at the 7th Annual
Workshep in Montreal, Cuebec. For additional details on the Seventh Annual
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EDITORS'™ COMMENTS

The proceedings of the Sixth Annual Aquatic Toxicity Workshop contain 23
full papers and 12 abstracts as presented during the sessions. Minimal edito-
rial contrel was exercised by the review committee. There were a few papers
presented during the workshop for which no transcripts are available in this
manuscript. These include the presentations of the four plenary speakers:
D.W. Schindler, Freshwater Institute, Winnipeg - Small Oligotrophic Lakes;
J.5. Marshall, Argonne National Laboratory, Argonne, Illinois - Great Lakes;
H.E, Welch, Freshwater Institute, Winnipeg - Arctic Lakes, and J.W.M. Rudd,
Freshwater Institute, Winnipeg - Large Rivers. Also missing is J. Watson's
discussion on the acceptability of toxicology papers for presentation in the
Canadian Journal of Fisheries and Aquatic Sciences. The papers are listed in
the table of contents in the order of presentation at the workshop so that
related papers are grouped together. To facilitate reference and abstraction
an alphabetical listing of all authors is provided.

The Editors
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ABSTRACT

KLAVERKAMP, J.F., S.L. LEONHARD and K.E. MARSHALL (ed.) 1980 Proceedings of
the sixth annual aquatic toxicity workshop, November 6 & 7, 1979, Winnipeg,
Manitoba. Can. Tech. Rep. Fish. Aquat. Sei. 975: xi + 291 p.

The proceedings of the Sixth Anpual Acuatic Toxdicity Workshor consist of
23 papers, 12 abstracts, a review of aquatic toxicity research programs across
Canada and a list of participants.

Papers were presented in four plenary sessions: field approaches for
evaluating pathways and effects of chemical contaminants in freshwater systems,
standardization of aaguatic bioassays, Journal of the Fisheries Research Board
of Canada policy on acceptability of toxicology papers for publication and
aquatic toxicology and risk assessment - where to now?; six workshop sessions:
novel approaches for studying uptake, distribution and effects, early life
history stages of fish, toxicologv of metals and other industrial wastes,
factors affecting vesticide toxicity, diet and fish behavioral responses, and
significance of bicaccumulation studies, and a poster session.

Key words: Agquatic toxicology: bioassays; toxicity; pH; metals; industrial
wastes; pesticides

RESUME

KLAVERKAMP, J.F., S.L. LEONHARD and K.E. MARSHALL {(ed.) 1980 Proceedings of
the sixth annual aquatic toxicity workshop, November 6 & 7, 1979, Winnipeg,
Manitoba. Can. Tech. Bep. Fish. Aquat. Sci, 975: xi + 291 p.

Les comptes-rendus du colloque du sixiéme atelier annuel sur la toxicité
aquatique consistent en 23 communications complétes, 12 résumés, un revu du
recherche des programmes en toxicité aquatique 3 travers Canada et un liste
des participants.

Les documents sont présenté en quatre séances pléniére: les approches
d'étude sur le terrain pour evaluer aux sentiers et aux effets des contaminants
chimique en les systémes des eaux douces, les éssais biologique de toxicité
aquatique standardisdes, police du Journal de 1'office des recherches sur les
pécheries du Canada sur les documents de toxicité qui sont acceptable pour la
publication, et la toxicologie aguatique et 1'&valuation des risques - ol
allons~nous maintenant?; six séances d'étude: les approches nouveaux pour
1'8tude du recouvrement de la distribution et des effets, les etats premiéres
du cyecle biolegique des poissons, la toxicologie des métaux et des autres
déchets industriels, les agents affectant la toxicit& des pesticides, les
réponses du régime alimentaire et les réponses €thologiques des poissons, et
1'importance de la biocaccumulation; et une séance des afficheurs.

Mots-clés: Toxicologie, aquatique; essais biologiques; toxicité&; pH; métaux;
déchets industriels; pesticides






USE OF LIMNOCORRALS IN STUDYING THE EFFECTS OF PESTICIDES IN
THE AQUATIC ECOSYSTEM

K.R. Solomon, K. Smith, G. Guest, J.¥Y. Yoo and N.K. Kaushik

Department of Environmental Biology, University of Guelph,
Guelph, Ontario, NIG ZWl

SOLOMON, XK.R., K. SMITH, G. GUEST, J.Y. YOO and N.K., KAUSHIK 1980 Use of
limnocorrals in studying the effects of pesticides in the aquatic ecosys-—
tem. Can. Tech. Rep. Fish. Aquat. Sci. 975: 1-9.

Techniques used in the construction, assembly and moving of limnocorrals
are briefly discussed. The development of a system for applyving pesticides to
limnocorrals is described. This system makes use of a centrally mounted multi-
orifice injector coupled to a 108 md/n pump to add pesticides to the corral with
a minimum disturbance of sediment and a minimal concentration gradient between
incoming solution and that already present in the corral. TInijection of fluore-
scine dye gave lecalised concentrations not more than 25% in excess of final
concentration and total mixing was completed in 60 min. The pyrethroid insect-
icide, permethrin, was applied to corrals. Rate of disappearance was depth
dependent, most probably as a result of temperature differences. Concentration
dropped from a mean of 625 ug/L to 0.075 ug/L in a period of 140 days.

Key words: Insecticides; permethrin; water mixing; field screening; pesticide
application :

SOLOMON, K.R., K. SMITH, G. GUEST, J.Y. YOO and N.K. KAUSHIK 1980 Use of
limnocorrals in studying the effects of pestiecides in the aquatic ecosys-
tem. Can. Tech. Rep. Fish. Aquat. Sci. 975: 1-9.

L'article qui suit examine briévement les techniques de construction,
d'assemblage et de déplacement des limnocorrals. On y décrit la mise au point
d'un systeme d'application des pesticides dans ces structures. Le systdme fait
appel d un injecteur & plusieurs orifices monté au centre, couplé & une pompe
de 108 m’/h permettant d'introduire les pesticides dans le corral avec dérange-
ment minimal du sédiment et minimum de gradient de concentration entre la
solution introduite et celle déj3d présente. LTinjection d'un colorant, la
fluorescine, donne des concentrations ne dépassant pas 25% de la concentration
finale, et le mélange se fait en dedans de 60 min. Nous avons introduit dans
les corrals 1'insecticide pyréthrofde, la permethrine. Le taux de disparition
est relié 4 la profondeur, tré&s probablement & cause des différences de
rempérature. Dans une période de 140 jours, la concentration diminua, passant
d'une moyenne de 625 ug/L ad 0.075 ug/L.



INTRODUCTION

Originally called the Lund tube, the limmocorral is usually defined
as a temporary, flexible, container in which a section of a body of water
can be iscolated. These enclogures, or limnocorrals, have been used to
study the effects of mercury on algae and zooplankton (Blinn et al. 1977
Sonntag and Greve 1977; Beers et al., 1977), for observations on zoo-
plankton {(Smyley 1978), phytoplankton (Lund 1972; Lack and Lund 1974)
and their use has been suggested for evaluating the fate and effect of
contaminants in aquatic ecosystems (Hodgson and Millard 1978).

The use of limnocorrals for studying the effects of pesticides in
aquatic systems presents a number of useful research advantages., The limno-
corral allows the partitioning of a lake into a number of more or less
gimilar compartments which may then be treated with pesticide in replicate
studies. Such replication in whole lakes would be difficult and have an
unnecessary environmental impact. A group of limnocorrals would be exposed
to similar climatic factors and would all, at least in the beginning,
contain chemically and biologically similar water., Heat transfer through
the walls of the corral would ensure that the corral maintained a similar
temperature profile to the rest of the lake. The relatively low costs of
the limnocorral compared to laboratory lake column simulaters, suggested
that these would be useful for the initial field screening of pesticides
for environmental impact.

It is generally accepted that the limmocorral is not a complete
substitute for a lzke since it is much smaller in volume, contains fewer
organisms, has less vertical mixing and has a greater surface to velume
ratio than the main body of water., While accepting these limitations, it
does allow the impact to a pesticide to be quantified under conditions
that would be difficult to maintain in a lagboratory. They could be used to
identify key organisms that could then be used in laboratory bicassays or
as indicator organisms in field evaluation studies. Another possible use
is in determining the time required for populations to recover from the
effects of a pesticide application.

With these concepts and limitations in mind, we have begun investi~
gating the use of limnocorrals for studying the effects of pesticides in
the aquatic ecosystem. This paper describes our initial field experiences,
reports on some techniques and methodology we have developed and gives
initial results that we have obtained with the pyrethrold, permethrin.

METHOBS, RESULTS AND DISCUSSION
HANDLING OF LIMNOCORRALS

Assembly

The corrals used in this work were not self-supporting and had to be
supported inside a wood frame (See Fig. 1). Assembly in water was
difficult and the corral frames were manufactured unit by unit on shore.
As each frame unit was completed, the corral was tied in place and the
corral and the frame floated onto the surface of the lake. The sides of



the corral were tightly tied to the floatation to reduce drag during moving.
Rafts of 3 and 5 corrals each were constructed in this manner with little

difficulty.

Moving of the corral rafts was greatly facilitated by reducing the
drag as much as possible. Towing of the corral raft was carried out using
a single 4.5m rowing boat fitted with 3 kw outboard motor capable of 360°
rotation., Towing was carried out in the reverse configuration with motor,
turned 180° and the towline over the bows. Reverse towing with reverse
gear equipped outboards was most inefficient as was use of stern mounted
towline and the motor in forward gear.

Once in position, the corral raft was anchored by means of 15m
lengths of 6mm stainless steel cable and 50 kg scrap cast iron cylinder
heads as anchors. Positioning of the anchors was facilitated by attaching a
rope to the anchor and by raising it from the bottom during repositioning.
The rope can be removed after the corrals are positioned or may be left in
position if required later. Anchors were placed at each corner and in the
center of the long side of the corral raft. After positioning, the sides of
the corrals were released and allowed to drop inte the mud bottom. Scuba
inspection of the corrals was essential to ensure an adequate seal at the
bottom of the corral.

In order to flush the contents of the corral or to move the corral to
a different section of the lake it is necessary to raise the sides. To
facilitate this, 4 ropes per side were attached to the bottom hem of the
corral. Drag from mud and water made raising the sides of the corral a major
undertaking. This problem was solved by using a winch such as those
commonly used on yachts., The winch was mounted in the bows of the boat to
reduce instability during 1lifting, Nylon rubbing blocks were attached to
the edge of the deck and clam cleats were attached to hold the ropes. The
winch was also used for lifting anchors as well as for moving corral rafts
over short distances in adverse weather conditioans.

Corrals were sampled from a raft consisting of a 1.8m x 4.8m
floating platform. A 3m x 0.6m cantilever support bridge with a Z.4m
overhang was mounted on the one end and additional floatation placed under
the mountings to compensate for increassed mass. In use the boat was tied
fast to the one side of the raft and the whole unit moved with the aid of
the outboard motor, The bridge gave a stable working platform with easy
access to all parts of those corrals with open water on opposite sides.
Sampling times were considerably decreased over cther methods.

Based on our field experiences, we wish to suggest a possible design
for a corral that would be better suited to multiple use such as in the
field screening of pesticides. A suggested construction is shown in Fig. 2.
Important design considerations are the use of a rigid bottom frame which
would hold the corral open during lowering of the gsides. It would also
serve as an attachment for a disposable liner (should such be required) and
the attachment of a net to exclude fish during lowering. A semi-rigid
surface support would provide easy access to all sides of the corral and
provide a stable platform from which to raise the sides of the corral, for
example, with a portable winch. Attachment would also be provided for a
disposable liner, for a bird deterrent system and for cleats to hold the



ropes in place when the sides were raised.

Loops in the side walls through which the ropes could be passed would
ensure that the sides of the corral folded {and unfolded) evenly to reduce
drag during moving and to keep the shape of the corral as uniform as
possible, The construction and field testing of such a corral is being
planned at present.

APPLECATION OF PESTICIDES

In the few studies that have been reported the addition of chemical
compounds to large volumes of water and the subsequent mixing of these with
water has been accomplished by passive diffusion in the case of soluble
iporganic compounds such as phosphate (D. Lean pers. comm.) or by the use of
air bubbles to induce an accelerated vertical mixing (Sonntag and Parsons
1979).

In such treatments, a major source of variability is iikely to be the
rate of mixing and the magnitude of the concentration gradient that will
exist during the mixing process, Reliance on diffusion process in a large
volume of water such as a limnocorral may result in variability between
treatments as well as a lack of repeatibility. Complete mixing may never
occur in compounds that have low water solubility as well as a density
different from that of water.

For these reasons a method that would adequately and rapidly mix the
contents of a large body of water was developed. Initial studies were
conducted in the laboratory and were followed up by field studies in actual
limnocorrals. While complete and rapid mixing is unlikely to occur under
natural conditions of ceontamination, results of rapid and complete mixing
would at least serve as a point for comparison with other types of pesticide
input and for this reason were considered important,

In developing the mixing system, initial experiments were conducted
in 40 1 glass aquaria using India ink to visualise water flow and mixing.
The efficacy of a mixing current created by a rising column of air bubbles
preduced by an aquarium pump and an air-stone was compared to the Injection
of the dye in a stream of water pumped out of the tank and down a centrally
located tube with heoles drilled in the sides.

Using the injection system complete mixing occurred in less time
than air bubble mixing and no upwelling of water occurred. Eddy currents
tended to move in the horizontal plane and no significant centrifugal bottom
current was observed. Also, because the vate of water as well as dye
addition could be accurately measured, the concentration of the solution
leaving the injection tube and hence the maximum possible concentration
gradient could be calculated. The concentration of dye leaving the injector
should not exceed the final concentration in the water by a factor of more
than 2-3 fold, provided that a minimum volume (half that of the enclosure)
is pumped during injection. For these reasons it was decided to use this
technique in the field.



Field studies

The injector tube (Fig. 3) was made from rigid ABS sewer pipe of
100mm internal diameter. Holes were drilled at 150mm intervals in 8 rows
staggered by 75mm and spaced 45%part. The size of the holes ranged from
3mm to 9mm diameter from top to bottom. Cross sectional area of the holes
was proportioned to the square of the distance from the inlet to allow for
pressure drop and to ensure equal mass flow from each hole.

Sodium fluorescine was selected as the dye to measure mixing in the
system. It is completely water soluble but preliminary trials showed that
the dve degraded in water when exposed to sunlight. This necessitated
that all experiments be dene between sunset and sunrise. The fluprescine
(4 L of a 1.5%7 solution) was allowed to £low into the pesticide inlet wvia
a drop counter metering device.

Field trials were conducted in a triengular limnocorral of 7.5m
sides, 4.25m deep and a nominal volume of 108000 L. The injector was
centrally located. Water samples were taken at the center of the corral and
at the edge. Sampling was by suction of samples from depths of 0.5 1.5,
2.5 and 3.5m via TygonR‘tubing held in a weighted frame.

In the first trial a pump capable of 10000 L/h was used with an
Injection period of 240 min. Dye concentration was measured in a spectro-
flurometer using an excitation wavelength of 495mm and a measuring wave-
length of 520nm and the results are shown in Figs. 4 and 5. Both duriang and
after pumping, considerable variation existed at all depths at both sampling
points. Even after a post pumping period of 430 min., maximum dve con-
centration was found at a depth of 1.5m. Since the depth of the intake hose
wag zlsc at 1.5m, this suggested that the temperature stratification of the
water was important in determining mixing at that particular pumping rate,
The top to bottom temperature gradient at the time of the trial was 18°-87C.
The relative stability of the dye concentration at the varicus depths after
shut down of the pump suggested that adequate horizontal mixing had cccurred,
however, vertical concentration differences were as great as 2.5 fold and
were congidered excessive. Pumping of water appeared to have lititle effect
on zooplankton as examination of water from the pump outlet revealed few
dead organisms. HNo noticeable decrease in zooplankton numbers was observed
in Schindler samples from corrals after pumping.

In the second field trial a larger pump capable of 45060 L/h was
used and the injection period reduced te 150 min. In addition, the pump
was run for 45 min. after dve injection te further mix the water., In order
to reduce the effect of thermal lavering, the intake hose was raised and
lowered during the pumping period as indicated in Figs. 6 and 7. Changes in
dye concentration are shown in Figs. 6 and 7.

Once again, little difference between dve concentrations at the edge
and at the center of corral was evident, suggesting good horizental mixing.,
Variations between the gampling depths did occur but were lesg than in the
first trial and at no time did they exceed the final concentration by more
than 25%. The effect of raising and lowering the intake hose could not be
observed as changes in the rate of dye accumulation at various depths,
suggesting that the more powerful pump ensured more uniform mixing. Although
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this trial was gonductgé at a later date,the surface to bottom temperature
gradient was 207 to 12°C. The free running of the pump for a pericd after
injection assured complete mixing iIn a short time perdiod.

In the third field trial an even larger pump, capable of 108000 L/h
was used, Permethrin, as 86.5%7 pure technical material, was dissolved in
2 L of technical acetone and injected into the pesticide inlet during a
30 min. period to give an approximate final concentration of 1 mg/l in
the nominal volume of the corral. This concentration of permethrin is in
excess of its reported solubility of ca. 0.25 mg/l and was chosen as a
worst case that would present major mixing problems. After injection, the
pump was run for a further 30 min. to ensure complete mixing. Samples were
taken at depths of 1, 2 and 3m immediately after the pump was shut down, the
permethrin extracted in hexane and the concentration determined by gas
chromatographic analysis. Results are shown in Table 1.

Table 1. Concentration of permethrin in Corral #9 (1979-07-12).

Depth Concentration in ug/L
Im 656
2m 624
3m 599

These results indicate that, despite the high concentration at which
the pesticide was applied, reasonably good mixing was obtained. The
apparent loss of some permethrin in the corral is possibly due to separation
of insoluble pesticide from solution or to adsorption on to plastic com-
ponents of the injector and/or the limnocorral itself. Adsorption to
particulate matter followed by precipitation is unlikely because samples were
taken immediately after pumping and would have been indicated by higher
concentrations at greater depth. The loss of permethrin fyom the corral is
shown in ¥ig. 8. Disappearance is quite rapid and approximated to first
order kinetics in the early phase of the study. The mechanism of loss
probably involves beth chemical and biological degradation as well as
adsorption to mud. A bottom mud sample obtained 4 days after application
contained 312 mg/kg (dry mass) permethrin., Loss of permethrin was consist-
ent. 7 25 rapld at greater depth veflecting the lack of vertical wmixing in
the ccrral during the warmer months. Vertilcal temperature stratification
in the corral is the most probable cause of the differences in the rate of
loss.

CONCLUSIONS

Preliminary experiments with the technique have suggested that limmo-
corrals may be of use in determining the effects of pesticides on the aquatic
ecosystem, Pesticides can be mixed into the large volumes of water in the
limnocorrals with comparative ease and, with some modifications in the desiga
of the corrals, pesticides could be routinely screened for effects on aquatic
organisms as well as for the time taken for recovery from the effects of the



pesticide to occur. Other important factors such as the adsorption of
pesticides to the walls of the limncecorrals and their subsequent release
as well as adsorption to the mud bottom of the lake are currently being
studied.
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EVALUATION OF IMPACT OF A SYNTHETIC PYRETHROID, PERMETHRIN, ON A LAKE
ECOSYSTEM USING LIMNOCORRALS

K. Smith, N.X. Kaushik, K.R. Solomon, and G. Guest
University of Guelph, Guelph, Ontario

SMITH, K., N.K. XAUSHIK, K.R. SOLOMON, and G. GUEST 198¢ Evaluation of
impact of a gynthetic pyrethreoid, permethrin, on a lake ecosystem using
limnocorrals. Can. Tech. Rep. Fish. Aguat. Sci. 973: 10-11.

To assess effects of permethrin on an entire ecosystem, limnocorrals,
approximately 5 ¥ 5 x 4 m deep, were established in a lake that had been
previpusly studied for three vears for water chemistry, phyto- and zcoplankton.
Limnocorrals and three stations in the open lake adiacent to corrals were
sampled weekly using a 12 L Schindler sampler for zooplankton distribution at
1 m intervals of depth. Physical and chemical characteristics recorded were
temperature and dissclved oxyvgen at 1 m interval, Secchi disc reading; and pH;
conductivity, alkalinity, hardness, dissolved and particulate organic matter,
and total N from surface and bottom water samples. Phytoplankton pepulations
were recorded but are not reported here.

To determine concentration of permethrin to be applied to the corrals,
static bioassays were conducted using Daphnia spp., Cyclops spp., Ostraceds,
amphipods (Hyvalella and Gammarus), chironomids, crayfish and molluses as test
animals. Sensitivity was found te range from 0.5-10,000 ppb with most animals
intelerant of =10 ppb. After the corrals had been allowed to stabilize for
2 months, during which period they were sampled, three corrals each received
5 ppb, another three each 50 ppb of permethrin, and three served as controls.

Characteristics of surface water were: temperature - 17—26.50C; dissolved
09 6-8 ppm; pH 7.42-8.75; conductivity (micro mho) 122-208, alkalinity (mg/L
CaC03) 71.0-193.8; hardness (mg/L CaC03) 102.5~208.2; soluble organic matter
(mg/1.) 4.10-20.1 and particulate organic matter (mg/L) 0.44-10.33 and total N
0.374-1.308 mg/L.

The most sensitive zooplankton populations were Cladocerans (Daphnia spp.,
Ceriodaphnia, Bosmina and Diaphanosoma) and were completely eliminated at both
concentrations. The copepods (Diaptomus spp., Tropocyclops, Diacyclops and
Acanthacyclops) and ostracods were slightly more tolerant at 5 ppb, but were
eliminated at 50 ppb. Rotifers {Chromogaster, Conochilus Keratella and
Polyarthra) appeared to be not affected even at the highest concentrations and

so were some species of Protozea. Changes in planktonic populations possibly
because of elimination of certain groups will be discussed.

Key words: Permethrin; ecosystems; phvtoplankton; zooplankton; invertebrates;
bicassays; water analvsis {chemical)
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SMITH, K., N.K. KAUSHIK, K.R. SOLOMON, and G. GUEST 1980 Evaluation of
impact of a synthetic pyrethroid, permethrin, on a lake ecosystem using
limnocorrals. Can. Tech. Rep. Fish. Aguat. Seci. 975: 10-11.

Dans le but de déterminer les effets de la permethrine sur un écosvstéme
entier, on a mis en place des limncocorrals d'environ 5 x 5 x 4 m de profond
dans un lac ofi 1'on avait déjid &tudié 1a chimie de 1'eau, le phyto- et le
zooplancton pendant trois ans. Un &chantillonneur de Schindler de 12 1. a servi
a4 des échantillonnages hebdomadaires dan les limnocorrals et d trois stations
de pleine eau au veisinage de ces derniers, afin de déterminer la distributiecn
du zooplancton 3 intervalles de 1 m de profondeur. Nous avons enregistré les
caractéristiques physiques et chimiques suivantes : température et oxygéne
dissous 4 1 m d'intervalle, profondeur du disque de Secchi; pH; coanductivité,
alcalinité, dureté de 1'eau, matiére organique dissoute et particulalre, et
azote total dans des échantillons d'eau de surface et de fond. Les populations
phytoplanctoniques notées ne sont pas mentionnées ici.

La concentration de permethrine & introduire dans les corrals a été
déterminée 34 l'aide d'essais biologiques statiques avec les organismes suivants
: Daphnia spp., Cyclops spep., ostracodes, amphipodes (Hyvalella et Gammarus),
chironomides, écrevisses et mollusques. ZLes extr@mes de sensibilité sont 0.5
et 10,000 ug/L, la plupart des animaux &tant incapables de teolérer plus de
10 ug/L. Aprés 2 mois, pour permettre aux corrals de se stabiliser et au cours
desquels nous avons prélevé des &chantillons, trois corrals re¢urent chacun
5 ug/L, trois autres 50 ug/L chacun de permethrine, et trois servirent de
témoins.

Les caractéristiques de 1'eau de surface &taient les sulvantes : température
- 17-26.5°C; oxygéne dissous 6-8 ppm; pH 7.42-8.75; conductivité (micro mho)
122-208, alcalinité (mg/L de CaC03) 71.0-193.8; dureté (mg/L de CaCO;) 102.5-
208.2); matiére organique soluble (mg/L) 4.10-20.1 et matidre organique
particulaire (mg/L) 0.44-10.33, et azote total 0.374-1.308 mg/L.

Les populations zooplanctoniques les plus sensibles sont les cladocéres
(Daphnia spp., Ceriodaphnia, Bosmina et Diaphanosoma); elles furent complétement
éliminées aux deux concentrations. Les copépodes (Diaptomus spp., Tropocyclops
et Acanthacyclops) et les ostracodes sont légdrement plus tolérants 3 5 ug/L,
mais furent €liminés 3 50 ug/L. ILes rotiféres (Chromogaster, Conochilus,
Keratella et Polvarthra) ne semblent pas avoir été affectés, méme aux plus
fortes concentrations. T1 en est de mfme avec certaines espéces de Protozoa.
Nous examinons les changements que subissent les populations planctoniques,
possiblement par suite de 1'&limination de certains groupes.
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EFFECT OF WATER CHEMISTRY ON THE UPTAKE OF ORGANIC POLLUTANTS BY FISH
IN RIVER WATER

D.C.G, Muir, D.A. Metner, A.P, Bilouw, N.P. Grift and W.L. Lockhart

Department of Fisheries and Oceans, Freshwater Institute
501 University Crescent, Winnipeg, Manitcba, BR3T 2N6

MUIR, B.C.G., D.A. METNER, A.P. BLOUW, N,P. GRIFT and W.L. LOCKHART 1880
Effects of water chemistry on the uptake of organic pollutants by fish
in river water. Can. Tech. Rep. Fish. Aquat. Sci. 975: 12-26,

Rainbow trout fingerlings were exposed to levels {0.5 to 50 ppb)} of nine
pesticides (methoxychlor, fenitrothion, permethrin, fluridone, terbutryn, niclo-
samide, 2,4-D, DDT, ethalfluraliin}, hexachliorobiphenyl and triphenyl phosphate
(all '"C labelled) in river water (Red River, Manitoba) and dilutions of river
and lab water (dechlorinated city water). Fish were sampled at regular inter-
vals over 24-32 hr exposures and the samples were oxidized (Packard 306 oxidi-
zer) to determine T4e uptake. The results showed that there were striking 4if-
ferences in the rate and magnitude of uptake of the organics between fish in
river and lab water. Concentrations of all compounds were lower in fish in
river water at both the initial sampling time (0.5-1 hr after addition of HC)
and after 24-~32 hrs., Hexachlorobiphenyl residues showed the greatest differences
between the river and lab water treatments while relatively water soluble com-
pounds such as terbutryn showed the least effect. Differences were correlated
with physical properties (octanol-water partition ceoefficient, soil sorption,
water solubility) of the compounds.

pesticides; hexachlorobiphenyl; triphenvl phosphate; biocaccumulation;
suspended sediments

Key words:

MUIR, D.C.G., D.A, METNER, A.P. BLOUW, N.P. GRIFT and W.L. LOCKHART 1980
Effects of water chemistry on the uptake of organic pollutants by fish
in river water. Can. Tech. Rep. Fish. Aguat. Sci. 975: 12-26.

Des alevins de truite arc-en-ciel ont &été exposés, & des degrés divers (de
0.5 3 50 x 107%), a neuf pesticides (méthoxyvehlore, fénitrethion, perméthrine,
fluridone, terbutryne, niclosamide, 2,4-D, DDT et éthalfluraline), ainsi qu'd de
1'hexachlorobiphényle et & du phosphate de triphényle (marqués au '*C dissous
dans de 1'eau de riviére (provenant de la Red River, Manitoba) et dans des
mélanges d'eau de riviére et de laboratoire {(eau d'acqueduec déchlorée). A
intervalles réguliers, on prélevait des échantillons de poissons expogés pendant
des péricdes de 24-32 heures; ces &chantillons &talent ensuite oxvdés (avec
1'oxydant Packard 306) pour déterminer 1'absorption de "*C. On a constaté que
le taux d'absorption des substances organiques, de méme que la quantité de
matiére gbsorbée &talent nettement différents, selon gque les poissons provenaient
de 1'eau de riviére cu de la solution contenant de l'eau de laboratoire. Quel
que solt le composé, 1a concentration était plus faible chez les poissons placés
dans 1'eau de rividre, tant au moment de I'&chantilliomnage initial (0.5-1.0 h
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aprés 1'addition du '"C qu'aprés 24~32 heures. On a observé les différences les
plus marquées avec les résidus d'hexachlorobiphényle; par contre, des composés
relativement solubles dans 1l'eau comme la terbutryne ont eu les effets les moins
prononcés., On a €tabli une corrélation entre les compos@s et leurs propriétés
physiques (coefficient de partage entre l'eau et 1l'octanol, adsorptiom par le
sol, solubilité dans 1'eau).
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INTRODUCTION

In studies of pesticide residues in river water it has often been chserved
that a portion of the residue is associated with the suspended solids, Feor
example, Miles {(1976) reported that 647 of p,p’'-DDT, 47% of p,p'-DDD and 13%
of dieldrin were asscciated with suspended solids in southern Ontario river
water. Methoxychlor has been shown to be bound {(40-437) to suspended sediment
in Saskatchewan river water following addition of the insecticide to the river
{Fredeen et al. 1975). Runoff studies in which pesticides have been applied
to so0il in sloped fields and runoff warer collecting during rainstorms, have
indicated that chlorinated hydrocarbon pesticides are associated with suspended
solids while pesticides with water solubility > 100 ppm are found almost en-
tirely in the agqueous phase {(Wauchope 1978). Thus the fate of most organic
chemicals in natural waters, especially those having water solubilities less
than 100 ppm, is highly dependent on their sorptive behavior (Xarickhoff et al.
1979). Sorption to sediments or solls is described by the seil sorption co-
efficient (expressed on an corganic carbon basis), K,., (Kenaga and Goring 1978).
The Koo values for a large number of organic chemicals are correlated with
their physical properties such as water solubility and cctanol-water partition
coefficient (Kpw) as well as with bioconcentration factors (Xenaga and Goring
1878). A highly sorbed chemical is likely to have a high bicaccumulation
potential.

To test the hypothesis that the uptake of crganic chemicals by fish from
river water should be reduced depending on the ghysical properties of the chemi-
cal, a study was designed to measure uptake of 4C-labelled compounds by rain-
bow trout fingerlings (Salmo gairdneri). Lab water {(dechlorinated city water),
Red River water as well as 1/3 and 2/3 dilutions of lab water with river water
were used in the study. The extent to which the chemicals were volatilized, de-
graded and sorbed by suspended solids was also investigated,

EXPERIMENTAL
MATERIALS

Water

River water was collected from the Red River, 25 km above Winnipeg near
St. Adolphe, Manitoba, and was stored at 5°C in a 40 L polyethylene carboy.
The water was used within 10 days of collection. Lab water (dechlorinated
Winnipeg city water) was obtained from Dr. M.A., Giles (Freshwater Institute).
Water chemistry analyvses were carried out on each batch of river water and on
lab water-river water dilutions by use of standard methods {(Stainten et al.
1877). The range of water chemistry parameters for the river water used in
the studv is given in Table 1.

Analytical Standards

The organic chemicals used in the study are listed in Table 2. All com~
pounds were '“C- labelled and were greater than 987 radiochemically pure as
demonstrated by TLC-autoradiography in our laboratory, or by the manufacturer;
in the case of hexachlorobiphenyl and DDT.
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Table 1., Characteristics of the Red River water used in the uptake and
sorption experiments.

Parameter Range
pH 8.0~8,2
Total dissolved Nitrogen 1.14-2.9C mg/L
Total dissolved Phosphorus 98-271 ug/L
Digsolved inorganic carbon 1.70-363 mM/L
Dissclved organic carbon 0.30-1.21 mM/L
Suspended carbon 2.31-52.1 mg/L
Total dissolved solids 210-390 mg/L
Chiorophyll - « 5.9-28.2 ug/L
Total suspended solids 60-560 mg/L
Suspended organic carbon’ 247
% silt in suspended solids? (50-2 um) 8-41%
Clay in suspended solids (< 2 um) 59-92%

! getermined by loss on ignition (380°C, 16 hr) divided by 1.724.

2 determined by the pipet method without pre-treatment of the sample except
stirring.

Standards for spiking individual aquaria were prepared in acetone or
ethanol at concentrations sufficient to give 50-100,000 DPM/L when a small
volume (0.05 to 0.1 mL) of the standard solution was added to each aquarium.
In the case of fluridone, 2,4-D, terbutryn, TPP, fenitrothion and niclosamide
the standard sclution was diluted with non-radiclabelled compound to give
higher concentrations of these compounds in the water as indicated in Table 2.

™. 7
reen

Rainbow trout varying in size from 0.2 to 1.0 g were obtained from the

fish holding facility at the Freshwater Institute. The fish were held at 10°C
prior to and during the experiment and were not fed during the study.

METRODS
Design of the Experiment

Fish (18-25/4 L tank) were acclimatized with the four water types over-
night {16 hr}. The aguaria were then spiked by adding the standard solution
with a pipet and mixing with a glass rod or stirring bar. Fish were sampled
at intervals following addition of the chemical, generally 0.5, 1, 3, 6, 10 and
24 hrs post-treatment (3-5 fish per replicate each time). The samples were
frozen (-20°C) until analysis.
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Table 2. Chemical names, concentrations and specific activity of organic
chemicals used in uptake experiments.

Common Name Chemical Name Cone, 5p. Act.i

(ug/L)  DPM/ug

Fluridone {(1-methyl-3-phenyl-5-(3-{trifluoro~ 50 1573
methyvl)phenyl)~4-(1BE)-pyridinone)

Terbutryn {2-ethylamino-4-{t-butylamino)-6- 50 1039
methylthio-s~triazine)

2,4-D acid (2,4-dichlorophenoxy acetic acid) 10 11112
Ethalfluralin (N-ethyl-N-(2-methylallyl)-2-,6- 33.3 8987
dinitro~4-trifluoromethyl aniline)

Fenitrothion {0,0~-dimethyl-0-(3-methyl-4~nitro- 5 10100

phenvl) phospherothiocate)
TPP {(triphenylphosphate) 50 2000
Niclosanide (2, 5~dichloro-4"'-nitrosalicylanilide) 50 741
Hexachicrobiphenyl (2,4,5,2',4',5"'-hexachlorobiphenyl) 6.5 138750
Methoxychlor (2,2-bis(p-methoxyphenyl)=-1,1,1- 25 9665
trichloroethane)
Permethrin (3-phenoxy phenyl)methyl-3-(2,2~ 0.5 338701

dichloroethenyl)-2,2-dimethylcyclo-
propane carboxylate)

DDT (2,2-bis{p-chlorophenyl)-1,1,1-tri~ 0.5 185930
chloroethane)

1 Specific activity of standard solutions used for treating each aquaria.

Figh Analyses

The fish were rinsed individually with distilled water, blotted dry and
weighed intc a tared paper cup. Fish larger than 0.5 g were sliced with a
scalpel and transferred quantitatively to the paper cup. The samples were com-
bused on a Packard 306 sample oxidizer after addition of 0.3 mlL of Combustaid
(Packard) to improve combustion. The 1“002 was trapped in CO;-M-Met (Amersham)
and diluted with PCS (Amersham) in the instrument. Sample vials coataining
14€0, were counted on either a Packard 3300 or Beckman 7500 scintillation counter.
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Water Analyses

Water samples (1.0 ml) were collected from the aquaria at the same time
as the fish samples. The water was mixed with 12 to I5 ml of PCS:xvlene
{2:1) and counted by scintillation counting. The results enabled losses of
radioactivity due to wvolatilization to be estimated.

Degradation in River Water

In a series of separate experiments the degradation of several of the test
chemicals was investigated in river water {(niclosamide, TPP, fenitrothion,
ethalfluralin) or in sediment-water (1:10 wt/vol) (terbutrvyn, fluridone) svstems.
The design of these experiments is described briefly as follows: river water
(2 L in duplicate) was stirred (20°C) continuously on a magnetic stirrer and
fortified with a2 small volume of the test chemical at a concentration similar
to that used in the fish uptake study. Water samples (100 mL) were taken at
1, 3, 6, 12 and 24 hrs post-treatment. The water was extracted by shaking with
dichloromethane (50 mL, three extractions). The dichloromethane extracts were
dried by passing through a small column of sodium sulfate and evaporated just
to dryness on a rotary evaporator. The sample extracts were dissolved in
methanol and analysed by gas chromatography (TPP, fenitrothion, ethalfluralin)
or high pressure liquid chromatography (niclosamide) to determine the concen-
tration of the test chemical. In sediment-water studies with fluridene and
terbutryn, the sediment was separated from the aquecus phase by filtration
and the aqueous phase was analysed for the test chemical as described.

RESULTS AND DISCUSSION
COMPARISON OF UPTAKE RATES IN RIVER AND LAB WATER

The results of the analyses of fish for each i%C-labelled chemical are
plotted in Fig. 1 to 11. For sake of clarity only the river and lab water fish
results are presented, Uptake in 1/3 and 2/3 dilutions of river water was gene-
rally similar to that in river water. The data were analysed by stepwise regres-
sion analysis using a combination of backward elimination and forward selection
procedures. Independent variables were log weight (g), lot time (hrs), and the
dependent variable was log body burden {(ug). R" values for the regression equation
were highly significant (P < 0.01). The results indicated that water type
(i.e. the presence of river water) significantly reduced the burden of each
chemical., In order to compare quantitatively the differences between river and
lab water treatments, the initial rate of uptake of each chemical was calculated
(Table 3). This was achieved by use of the first two sampling peoints (generally
0.5, 1 or 2 hrs post-treatment) and by assuming, as a first approximation, that
DPM/g = 0 at time = 0 hrs. The use of the initial rate reduced problems of
interpretation of the results due to volatilization or degradation of the chemi-
cal over time. The difference in initial uptake rates between lab and river
water results was then calculated for each compound.

Fluridone, terbutryn and 2,4-D (Fig. 1, 2 and 3, respectively) showed
low rates and magnitudes of uptake by fish but the initial rates were signi-~
ficantly lower in river water than in lab water in all cases (Table 3). In
comparison with the other compound studied, however, the differences in initial
rate of uptake were small ranging from 5 to 16%. At the later sampling times
{10-24 hrs) difference in DPM/g levels in the fish in river or lab water were
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Table 3. 1Initial rates of uptake and percent differences in river and lab
water exposed fish.

Compound Water Rate % PZ
Type Constant Difference Coefficient of
(mL g~1 hr‘l) in rate Determinaticn

Fluridone LW 1.17 16.4 0.94
RW 0.98

Terbutryn W 4.86 5.0 0.77
RW 4.62

2,4=D acid LW 0.99 7.9 0.35
RW 0.91

Ethalfluralin W 37.04 8.2 0.69
RW 33.98

Fenitrothion LW 24.60 14.1 0.81
RW 21.10

TPP LW 29.61 23.3 0.92
RW 22.78

Niclosamide Lw 17.66 54.2 0.93
RW 8.11

Bexachlorobi- LW 22.20 61.9 0.93

phenyl RW 8.40

Methoxychlor W 73.30 39.1 0.91
RW 44,67

Permethrin W 7.00 34.8 0.76
RW 4.60

DDT LW 9.67 32.6 -2
RW 6.50

1 initial rate (DPM/g hr)

Rate Constant = concentration at time = 0 (ug/mlL)

Coefficient of determination for multiple linear regression model with

three independent variables: water type (LW, 1/3, 2/3, BRW), log weight,

log time and dependent variable (DPM/fish sample). R? are all significant
at P < 0.01.

not analysed.
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more proncunced (Fig. 1, 2 and 3). These differences were not due to de-
gradation or velatilization of the chemicals since these three compounds

are stable in sediment-water (terbutryn, fluridone) or river water (2,4-D)
{(Watson 1977} and do not degas significantly (Table 4). Increased sorption
to suspended sclids over time may explain some of the differences in residue
levels especially for terbutryn and fluridone which were found to be sorbed
te a small extent (5-10%) by suspended solids in river water (Table 5).

Ethalfluralin, fenitrothion, TPP and niclosamide (Fig. 4, 5, 6 and 7,
respectivelv) showed much greater rates and magnitudes of uptake by fish
than the previous three compounds. The initial rates of uptake of these four
compounds by fish in river water were all significantly lower than the uptake
in lab water {(Table 3). The percent differences between the two treatments
ranged from 553% for niclesamide to 8% for ethalfluralin. The rates of uptake
of all the compounds except niclosamide, during the 10 to 24 hr sampling
period in both river and lab water, were much lower than in the earlier
sampling times (Fig. 4, 5, & and 7). This is explained in part by the lower
concentration of radiclabelled chemical due to volatilization (ethalfluralin,
fenitrothion) or degradation (niclosamide) (Table 4). Ethalfiuralin losses
were particularly large (96%) and may account for the small differences in
initial rates that were observed. Niclosamide did not volatilize but was
almost completely hydrolyvzed in river water (Table 4) with a half-life of
about 6 hrs {10°C). The unusually large difference in initial uptake rate is
due therefore to the uptake of niclosamide in lab water and mainly niclosamide

Table 4. Losses of organic chemicals due to degradation or volatilization
during uptake studies.

Losses after 24 hrs in river water

Compound
Degradation Volatilization

¢ (%)
Fluridone <5 < 5
Terbutryn < 5 n.d.}
2,4-D n.d. < 5
Ethalfluralin n.d. 94
Fenitrothion < 5 70
PP <3 n.d.
Niclosamide 95 <5
Hexachlorebiphenyl n.d. 25
Methoxychlor n.d. 75
Permethrin n.d 30
DDT n.d 55

! not determined.
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degradation products in river water. The niclosamide results are difficult to
compare with those of the other compounds because of the much greater rate
of degradation.

Hexachlorobiphenyl, methoxychlor, permethrin and DDT (Fig. 8, 9, 10 and
11) had significantly lower initial rates of uptake by fish in river water
than in lab water. The differences ranged from 627 for hexachlorobiphenyl
to 33% for DDT (Table 3). The relative rate of uptake (DPM/g hr  ug/ml)
of methoxychlor was the highest of a1l the compounds studied (Table 3) but hexa-
chlorobiphenyl, permethrin and DDT had rates of uptake similar to or less than
those of ethalfluralin, fernitrothion, TPP and nicleosamide. Uptake of hexa-
chlorobiphenyl and DDT (Fig. 10 and 13) was still rapid after 24 hrs with
striking differences in ths DPM/g levels apparent. The lower rates of methoxy-
chlor and permethrin over the 10 to 24 hr period reflect the metabolism as
well as volatilization losses (75% for methoxychlor). Degradation losses for
the four compcunds in Tiver water were not investigated but would be expected
to be small at 10°C based on published reports (Wolfe et al. 1977; Rawn et al.
1980).

CORRELATIONS WITH PHYSICAL PROPERTIES OF THE CHEMICALS

Table 5 lists the Kg., Kgy &nd water solubilities of the test chemicals
that were used along with the percent differences in initial uptake rates
(Table 3) to calculate correlation coefficients (r) and regression lines of
Fig. 12 and 13.

The K . values are generally higher than those reported in the literature
and summarized recently by Kenaga and Goring {1978). The high surface area of
the suspended sediment and the low temperature (10°C) at which the adscrption
took place may explain these differences (Hamaker and Thompson 1972). The high
clav and organic carbon content of the Red River suspended sediment {Table 1)
would be expected to yield high Ky, values (Karickhoff et al. 197%9). A plot
of Koo results against percent differences in initial uptake rate between river
an¢ lab water treatments (Fig. 12) shows a weak but significant correlation
(r = 0.63, P < 0.05 at d.f. = 9). If the nicleosamide results are omitted be-
cause of the rapid degradation of the compound in river water, a more signifi-
cant correlation is obtained (r = 0.80, P < 0.0] at d.f. = 8).

Somewhat better agreement was obtained with water solubility versus the
percent difference in uptake data (Fig. 13) (r = 0.66, d.f. = 9). K, values
for the test chemicals also showed a weak but significant correlation with the
percent difference in uptake rate {r = 0.65) which is expected since K, shows
an excellent correlation with K. and water solubility (Karickhoff et al. 1979;
Kenaga and Goring 1978). Thus either one of the three physical properties could
be used to predict the differences in uptake of organic chemicals between lab
studies and those in natural waters.

The results suggest that suspended solids, particularly the organic carbon
content of the suspended material, have a great influence on the availability
of hydrophobic organic chemicals to fish in river water. While the effects of
suspended sediments have always been an important consideration in the fate of
pesticides in the aquatic environment {Pionke and Chesters 1973) there are few
published reports on the influence of suspended sediment on the uptake of
organic chemicals by aquatic organisms. In modelling of fish uptake of organics
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Table 5. Physical properties of the organic chemicals used in the study.

Compound Log K ! Log K 2 Water
oc ov Solubility?
(mg/L)
Fluridone 3.76 2.94 12
Terbutryn 3.68 3.67 25
2,4~D 2.10 1.57 600
Ethalfluralin 4.48 4.59 0.40
Fenitrothion 4,22 3.32 30
TFP 4,17 4,38 1.9
Niclosamide 3.82 3.87 5
Hexachlorobiphenyl 5.99 6.57 0.00095
Methoxychlor 5.12 4,83 0.12
Permethrin 4,63 5.23 0.23
DT 5,33 5.98 0.0017

measured in Red River water by Muir (1980) unpublished.

measured as described by Metner (1980} unpublished, except for hexachlorobi-
phenyl, DDT, and 2,4-D which are taken from Kenaga and Goring (1978).

® solubility at room temperature (20-25°C) from Kenmaga and Goring (1978),
except for permethrin (estimated from Kow values) and ethalfluralin
{determined in our laboratory).

in aquatic systems (e.g. Neely 1979); it may be necessary to include a term to
correct uptake rate constants for the effects of suspended solids or suspended
organic carbon. Further studies are needed to assess whether the "protective"
effects on the uptake of organic chemicals from water observed in the present
work have any long-term significance in terms of lower than expected body
burdens of organic pollutants. Work is in progress to evaluate the other water
chemistry parameters (Table 1) for their influence on initial uptake rates of
the test chemicals.
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UPTAKE OF ETHALFLURALIN AND OTHER PESTICIDES BY FISH
W.L. Lockhart, A,P. Blouw, D.A. Murray, D.A. Metner and D.C.G. Muir

Department of Fisheries and Oceans, Freshwater Institute,
501 University Crescent, Winnipeg, Manitoba, R3T 2N6

LOCKHART, W.L., A.P, BLOUW, D.A. MURRAY, D.A. METNER and D.C.G. MUIR 1980
Uptake of ethalfluralin and other pesticides by fish. Can. Tech. Rep.
Fish. Aquat. Sci. 975: 27-37.

Fish were exposed to ethalfluralin, an experimental dinitroaniline
herbicide, and several other compounds in order to estimate rates of transfer
from water to fish. These rates were expressed relative to calculated oxygen
consumption, as suggested by Norstrom et al. {1976). Ethaifluralin was taken
up from water by rainbow trout “swim up' fry about as efficiently as oxvgen
while younger sac fry were approximately 10% as efficient at accumulating
ethalfluralin., Uptake and depuration rate constants were determined experimen-
tally for fingerlings, and blcaccumulation ratics of 2200-2500 were calculated
indicating that ethalfluralin behaved similarly to trifluralin. Distributien
among various body organs and residues associated with death both suggested
that a model treating the fish as several compartments will be required in
order to use residue measurements as pathological tools in risk assessment.

Key words: Dinitrocaniline; herbicides; energy budget; partitioning; biocaccumu-
laticn

LOCKHART, W,L., A.P. BLOUW, D.A. MURRAY, D.A. METNER and D.C.G. MUIR 1980
Uptake of ethalfluralin and other pesticides by fish. Can. Tech. Rep.
Fish. Aquat. Sci. 975: Z27-37.

L'article qui suit décrit une Stude menge en vue d'estimer le taux de
transfert de 1'eau aux poissons, aprds avolr exposé ces derniers 3 1'&thal-
fluraline, 3 un herbicide expérimental dinitroaniline et & plusieurs autres
composés. Comme le suggérent Norstrom et al. {1976}, nous exprimons ces taux
par rapport & la consommation d'oxvgéne calculée. L'éthalfluraline ést captée
par les alevins de truite arc-en-ciel au stade de ''mage vers le haut" avec
autant d'efficacité que 1'oxygdne. Par ailleurs, les aleving vésiculés, plus
jeunes, accumulent ce composé 3 une efficacité d’environ 10%. Nous avons
déterming expérimentalement les constantes de taux de captation et de dépuration
chez des fingerlings, et calculé des rapports de bioaccumulation de 2,200-2,500,
signe que 1'éthalfluraline se comporte de la mZme manidre que la trifluraline.
La distribution des substances dans les divers organes du corps et les résidus
associés avec la mort laissent tous deux supposer qu'il faudra un modéle
traitant les polssons comme autant de compartiments, si 1'on veut utiliser les
mesures de résidus comme outll pathologique dans 1'évaluation des risques.
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Ethalfluralin {(Sonalan; o,x,e-trifluoro-2,6-dinitro-N~(2-methvi-2-pro-
penyl)-N-ethyl-p-toluidine) is an experimental herbicide being developed by
Elanco Products.

Ethalfluralin is unusually toxic te fish by comparison with most other
herbicides. Technical literature supplied by the manufacturer lists LCyy
values as shown:

Species LCs50 {ppb) after 96 hours
Bluegill sunfish 32

(Lepomis macrochirus)

Rainbow trout 37
(Salmo gairdneri)

Goldfish 260
{(Carassing quratus)

One component leading to toxicity is uptake of the toxicant by the fish, and
we are reporting our preliminary studies of uptake rates of ethalfluralin,

as compared with uptake rates for a series cof other unrelated pesticides.

We report also some experience with the behaviour of ethalfluralin in labora-
tory situations.

MATERIALS AND METHODS

Ethalfluralin was supplied by the manufacturer, Elanco Products Division
of Eli Lilly and Co. as a 997% pure apalvtical standard, as Sonalan, the formu-
lated emulsifiable concentrate, and as ring-labelled l4c-ethalfluralin.

ANALYTICAL METHODS

One liter of water containing ethalfluralin was extracted with 200 ulL
n-hexane using an extraction flask described by Murray (1979) and the hexane
extract was analysed directly by gas chromatography (GLC). Animal tissues
were homogenized in a blender with hexane:ethyl acetate (1:1). Extracts were
dried with sodium sulfate and analysed by GLC. GLC was carried out on a
Hewlett—-Packard 5750 fitted with glass column 1.22 m x 6.35 mm packed with
2% Dexsil on Chrom W and an electron capture detector. Operating temperatures
were (OC); detector 250; injection 230; columpn 200. Peak areas were inte-
grated and gquantities of ethalfluralin were estimated by reference to injec-
tions of known quantities of ethalfluralin.

Yor determination of radiocactivity in experiments with 4c-ethalfluralin
and other compounds, samples to be counted were burned in a Packard oxidizer
in preparation for liquid scintillation counting. Prior to use, labelled
compounds were purified by preparative thin layer chromatography. After auto-
radiography to locate spots, labelled materials were recovered by scraping
appropriate regions from plates, followed by solvent extraction.



FISH EXPOSURES

Rainbow trout fryv (< 1 g) were obtained from the Freshwater Institute's
hatchery and were exposed to ethalfluralin and other pesticides in duplicate
experiments under static conditions at 10°C. Fish (generally 30) were placed
in aerated dechlorinated Winnipeg city tap water in 4-L glass containers for
at least 24 hours prior teo addition of pesticides. After addition of radio-
labelled pesticides, generally in an acetone carrier for water-insoluble com-
pounds, five fish were removed at 1, 2, 4, 8 and 24 hour intervals from each
container, rinsed, weighed and stored frozen until cxidized and counted for
isotope content. Similar experiments were performed in which trout sac fry
were exposed to several concentrations of ethalfluralin.

For estimates of "clearance" rates, fish (5-15 g) were exposed to 10 °M
ethalfluralin for 2 hours and then transferred to clean flowing water in a
160-L fiberglass tank. Samples of six fish were taken for GLC analysis at
the time of transfer and then at time intervals of 4 hours, 1, 2, 4, 8, 16
and 32 days.

Larger trout were also exposed to ethalfluralin in aquaria in corder to
obtain individual body organs for analysis.

We have begun investigations of the behaviour of ethalfluralin in water.
Sterilized distilled water was fortified with purified I4c—ethalfiuralin;
flasks were stored in complete darkness at 20°C and samples were removed at
times 0, 3, 14, 37, 56, 77 and 136 days for assay by GLC and isotope counting.
In addition, proportions of ethalfluralin associated with water and suspended
phases were estimated with natural river waters by adding ethalfluralin, mixing
for 24 hours, then counting radiocactivity before and after centrifugation at
39,000 % g for 15 minutes.

RESULTS AND DISCUSSION
RECOVERIES OF ETHALFLURALIN

Recoveries of ethalfluralin from fish samples were compared using GLC
and disotope methods. The radicactivity associated with the extracted tissue
residue was determined by combustion and isotope counting. From these results
(Table 1) it appears that solvent extraction left approximately 18.2% of total
activity associated with insoluble tissue remains. It is not clear whether
this amcunt represents ethalfluralin or other materials, but fortification of
dead tissue allowed essentially quantitative recovery of ethalfluralin. Even
within the solvent extract, quite wvariable proportions of the radicactivity
were ddentifiable as ethalfluralin by GLC. Fish C, (Table 1) for example had
only about one quarter of its 1%C activity present as ethalfluralin. Chroma-
tograms often showed major unidentified peaks. 1t seems clear that these fish
metabolized variable proportions of ethaifiuralin to unidentified materials,
some of which were not extracted into the hexane:ethyl acetate solvent. The
nature of ethalfluralin metabolites in fish is unknown. Kearney et al. (1977)
have reported metabolism to unknown compounds following exposures of fish to
another dipitroaniline, profluralin. Ability to metabolize profluralin was
greater in Gambusia than in Ictalurus.
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STABILITY OF ETHALFLURALIN

Leitis and Crosby (1974) have described a number of products resulting
from photodecomposition of trifiuralin in water. The transparency of flowing
water in much of western Canada is very limited, however, because of high
levels of suspended solids. We conducted an experiment to estimate the
decompositicn of ethalfluralin in sterile lab water kept in the dark at room
temperature (about 20°C). The results (Table 2) indicated that ethalfluralin
was lost both in terms of GCLC assay and by tho assay. The half~life of intact
ethalfluralin under these conditions was about 1 month. Losses of radicacti~
vity were less rapid than losses of ethalfluralin suggesting decomposition
to new products.

ADSORPTION OF ETHALFLURALIN

Pesticides with low water solubilities tend to adsorb to suspended material
in the water. This may result in reduced availability to organisms accumula-
ting those pesticides by gill absorption. Adsorption of ethalfiuralin to sus-
pended solids in Red River water was estimated by adding l4Cmethalfiuralin
to water and by determining activity present in the water before and after
centrifugation. The proportions removed by centrifugation are shown in Table
3. Almost 307 of ethalfluralin was removable from the water column by centri-
fugation of Red River water, and cnly 6.7% was removable from distilled water.
If the difference between these values represents ethalfluralin adsorbed to
river sediments, then about 207 was adsorbed. In her studies of trifluralin
contaminating the Wabash River, Spacie (19753) reported 13-26% bound to river
solids (river solids were reported as 124-575 ppm).

UPTAKE OF ETHALFLURALIN BY FISH

Rainbow trout frv exposed to l4C-ethalfluralin in water were analysed
for 1%Cc-content by sub~sampling exposed groups at 1, 2, 4, 8 and 24 hours
after starting exposure. A similar experiment was conducted using uniagbelled
material and presenting ethalfliuralin as the commercial emulsifiable concen-
trate sonalan. Also, uptake rates by sac fry were compared as a function of
ethalfluralin concentration.

A typilcal uptake curve of fish body burden of ethalfluralin as az function
of exposure duration is shown for sac fry exposed to 10 ethalfluralin (Fig.
1). To evaluate parameters in the expression for uptake from water, as des-
cribed by Norstrom et al. (1976), the initial slope of this uptake curve was
taken since this would minimize such sources of error as metabolism and/or
excretion by fish, decomposition and other losses of ethalfluralin from the
water. To approximate the slope of the tangent to the initial portion of the
curve, the curve was assumed to pass threcugh the origin and the slope teo the
1-hr point was calculated. This slope was taken as the value for dp/dt and
the value obtained was divided by the initial measured radioactivity in the
exposure water {c) to give an expression for the efficiency of uptake of
pollutant from water epw = (dp/dt)/c. A calculation for oxygen uptake (egy)
was algo carried out using an expression to give the mbL of water theoreti-
cally "cleared” of oxygen per hour. This value epx = Q/q,y/cox (Norstrom
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et al. 1976) is calculated from the fish weight (Q = 0.207 {weigh{)o°73);

the "caloric equivalent” of oxygen, qeox = 3.42 kcal/g; and C,, the solubility
of atmospheric oxygen at the exposure temperature (calculated as 10.876 mg/L
at 10°C). The ratio of values for ethalfluralin uptake and oxygen uptake

was calculated to give the efficiency of pesticide uptake relative to oxygen
(epw/egx) - The results shown in Table 4 indicate that ethalfluralin was taken
up extraordinarily efficiently from water by fry after rescorption of yolk.
Stages both vounger and older appear to have been rather less efficient than
voung fry. Prior to resorption of yolk the uptake efficiency was only about
one tenth as efficient as it was after resorption. TIn the test with sac-fry
and different concentrations of ethalfluralin the uptake efficiency was simi-
lar over the three orders of magnitude in ethalfluralin concentration, as
would be expected {f uptake rate was indeed controlled by the concentration
of ethalfluralin in the water.

It should be stressed that we have attributed differences among efficiency
calculaticns to differences among pesticide uptake rates. It is also possible
that parts of these differences may be attributed to differing oxyvgen consump-
ticns.

In order to compare ethalfluralin uptake efficiencies with those for some
other compounds, similar uptake experiments were conducted on other compounds
with the results shown in Table 5. Norstrom et al. (1976) listed efficiency
values for DDT ranging from 0.073 to 1.90 for fish of varying species and
sizes. Values for methyl mercury were more tightly grouped from 0.14 to 0.49
for several species. It appears that ethalfluraiin is readily taken up by
fish, but that sac frv and fingerlings are substantially less efficient at
uptake than fry at the "swim-up” stage. In comparison with other pesticides,
ethalfluralin ranked the highest among those tested; an unexplained anomaly
in these data is the apparent low uptake efficiency of hexachlorobiphenyl.
Several papers have heen published showing statistically meaningful rela-
tionships between bioaccumulation and physical properties of non-polar com—
pounds. For example, Neely et al. (1974} derived a relationship between
bioconcentration factor (B¥) and octanol/water partition coefficient (P):
log BF = 0.542 log P + 0.124. Other authors have used water solubility (Chiou
et al. 1977) and recently the parachor has been suggested {(Tulp and Hutzinger
1978). When uptake values for the compounds in Table 5 were plotted as a
function of the octaneol/water partition coefficients (using logarithms on
both axes}, weak relationships were found. When epw/e,y Was plotted, the
correlation coefficient was 0.59 (not significant); when (dp/dt)/c was plotted,
the value was 0.80 (p < 0.C1).

We have used the data on ethalfluralin uptake by fingerlings to esti-
mate an uptake rate constant from the expression dCg/dt = ki Gy when Cf and
Cw are concentrations of ethalifluralin in fish and water respectively. For
this calculation uptake was plotted in terms of eoncentrations in fish rather
than body burden, for both fry and fingerlings, and an estimate of the dinitial
slope dCg/dt was obtained from the concentrations in fish at the first point, and
ky was obtained after dividing the slope by the concentration of ethalfluralin
in the water. Values for ki for the two replicate exposures of fingerlings were
10.23 and 11.32 hr™!.

A clearance experiment was also conducted on fingerlings using chroma-
tographic analyses tc measure ethalfluralin depuration. By plotting the natural
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lJogarithm of ethalfluralin remaining against time (Fig. 2} the regression
equation [loge (ethalfiuralin in fish) = -0.00448 (time {in hours) + 2.8620]

was calculated. The slope in this equation is the clearance rate constant

ky (Moriarty 1973} in units of ar~!. The biocaccumulation racio for finger-—
lings was then estimated from the ratio kj/ky, and hence for rainbow trout
fingerlings values for biocaccumulation ratios were 2283 and 2527. Using simi-
lar calculations with trifluralin, Spacie and Hamelink (1979) reported a bio-
accumulation ratic of 3261 with fathead minnows; at least with regard to accumu-
lation in fish it seems that the dynamics of ethalfluralin will be very similar
to those of trifiuralin.

With compartmental models, one must question whether to treat the fish as
one or several compartments. Our study cannot answer the question but data
describing distribution of ethalfluralin in varicus {ish organs {(Table 6} may
be useful in making such a decision. These data suggest rapid transfer from
water to fish through gill surfaces, then distribution to dinternal organs by
the blood, with storage in fat deposits.

The meaning of residue measurements, in terms of biological risk to fish,
is not clear from data presented in this report, nor indeed in many reports of
pesticide residues in fish. Both water concentration and exposure duration
seem to determine fish responses, and the residue accumulation by itself may
not be meaningful in trying tc judge bioclogical risk. For example, fish killed
by a 1l0-minute exposure to 10~%M ethalfluralin (as Sonalan EC) contained body
residues of 10-25 ug/g. Others survived 8 days exposure at a theoretical
starting concentration of 107®M, and contained residues as high as 210 ug/g.
Obviously a spill of ethalfluralin might result in measurable fish residues,
but it would be difficult to associate risk with those measurements. These
observations suggest that, for risk assessment, in contrast to the estimation
of bicaccumulation, a more complex compartmental model is required.

CONCLUSIONS

Ethalfluralin was rapidly accumulated from water by fish, but not all of
the accumulated material was extracted by conventional solvent extraction. It
appears that fish metabolized a proportion of ethalfluralin to unidentified
products.

In water maintained in the dark under aseptic conditions, ethalfluralin
was lost only slowly, with an apparent half-life of about one month; the farte
and nature of the lost portion remained unknown. It river water high in sus-
pended solids, a portion of ethalfluralin estimated at about 20% was associated
with sediments; presumably this would limit the biological availability of sorbed
ethalfluralin in a stream.

The estimated efficiency of ethalfluralin uptake varied with the size of
fish, being about 10% that of oxygen for sac~fry, equal to oxygen for 'swim-
up” fry, and about 50% of oxygen for fingerlings. Ethalfluralin uptake effi-
ciencies were the highest among those encountered for a series of compounds,
but ethalfluralin was readily lost from trout fingerlings with a half-life of
about 6 days. The proportions of this ""loss" due to clearance and to metabolism
are not known. Combining uptake and clearance rate data, the potential for bio-
accumulation of ethalfluralin was estimated to be about 2400 times the concen-
tration in the water.
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Distribution of ethalfliuralin among body organs, and residues associated
with death both suggested the need for a more sophisticated compartmental model
if residue measurements are to be used as parhological tools in assessment of
biclogical risk.
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Table 1. Quantities of ethalfluralin and radicactivity recovered from rainbow
trout exposed to !‘C-ethalfluralin for 5 days @ 107 7M. Hexane:ethyl=-
acetate extracts were analysed by GLC and by liquid scintillation
counting. Insoluble tissue remaining after extraction was oxidized
and counted for 1"C-content. Results from '“C detection are expressed
ag ethalfluralin, although they may not have been present as that

compound.
Fish Tthalfiuralin {(ug) in extract Percent 1%C {as ug ethalfluralin)
not extracted by solvent
Assav by GLC Assay by "G
A 17.2 36.2 i5.1
B 29.3 53.3 15.8
C 13,0 54,73 19.6
D 16.7 28.0 23.9
E 20.5 22.8 16.9
Mean 18.2

Table 2. Percentage of ethalfluralin remaining in sterilized distilled water
maintained in darkness at 20°C.

Time after mixing Percent remaining
{days)
Assay by GLC Assay by l*C
0 100 100
3 97.5 100
14 63.6 72.4
37 45,5 56.4
56 16.4 4e 4
77 8.4 34,2
136 1.9 46.2
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Table 3. Distribution of !'®*C-ethalfluralin (282 ug/L) between water and sus-—
pended solids after 24 hours mixing. The radicactivity in water was
determined before and after centrifugation, and the amount removed
by centrifuging was taken as the proportion associated with suspended
material.

Water Type Suspended % radioactivity # radiocactivity with
solids (ppm) with water suspended solids

distilled <1 93.3 6.7

1/3 Red River

+ 2/3 distilled 20 87.5 12.5

2/3 Red River

4+ 1/3 distilled 42 80.3 16.7

Red River 66 71.8 28.2

Table 4. Parameters for ethalfluralin uptake from water by fish, using conven-

tions of Norstrom et al. (1976). The column designated (dp/dt)/c
rgfers to uptake rate of ethalfluralin from water; that designated
Q/qox Cox refers to calculated oxygen consumption and the ratio of
these two columns (e w/eox} represents the fractional efficiency of
ethalfluralin uptake relative to oxygen.

Fish Group Exposure {dp/dt)/c 0/q0x Cox epw/eox
(mL/hr) (mL/hr)

sac fry thC-ethalfluralin .6928 4.8 L144
10-3M

sac fry t4Cc-ethalfluralin LAGT6 4.8 .093
10-7M

sac fry Y ¢-ethalfluralin .5696 4.8 .119
10-°M

"swim-up" fry tMG-ethalfluralin 8.164 7.424 1.10

8 x 10-5M

fingerlings sonalan 56.26 121.6 0.463

10~8y

{assay by GLO)
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Table 5. Efficiency of uptake of several pesticides,
fingerlings were exposed to the compounds and uptake rates were
calculated as fractions of calculated oxygen consumption.

Rainbow trout fry or

Compound (dp/dt)/c Q/40x Cox epw/ ox
(mLi/hy) {(mL/hr)
methoxychlor 5.7581 6.9384 0.83
terbutryn 1.1172 7.2097 0.16
fenitrothion 3.8882 7.2557 0.54
niclosamide 3.1775 7.2307 0.44
fluridone 0.4083 7.1436 0.06
permethrin 3.4110 17.4078 0.20
triphenyl phosphate 8.25%4 10.5175 0.79
2,4-D 0.9420 31.9908 0.03
hexachlorobiphenyl 18,0650 28.553 0.63

Tahle 6. Concentrations of ethalfluralin {ug/g), as determined by GLC in
several body organs of rainbow trout.

Organ After 10 min
exposure to
10-%M sonalan

After 10 hours
exposure to
10~5M sonalan

Aftrer 16 hours exposure
to 10-6M sonalan, then
3 days in clean water

Blood 2,86
Gili 44 04
Brain 1.86
Bile ND
Fat 0.44
Liver Trace
Kidney 0.30
Muscle 0.62

Skin

0.30

S QOO OO —

<45
.60
.77
.34
s
.07
.23
.35
.27

0.09
0.11
G.54
0.10
24 .37
Trace
0.065
2.11
0.19
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A METHODOLOGY FOR DETERMINING THE DISTRIBUTION AND ELIMINATION OF
MERCURTIAL COMPOUNDS 1IN GOLDEYE (Hiodon alosoides)

B.A, Munson
Alberta 04l Sands, Environmental Research Program, Edmonton, Alberta
MUNSON, B,A. 1980 A methodology for determining the distribution and

elimination of mercurial compounds in goldeye {(Hiodon alosoides).
Can. Tech. Rep. Fish. Aquat. Sci., 975: 38.

Goldeve, Hiodon aloscides, sampled in 1973 from the North Saskatchewan in
Alberta, contained mercury levels significantly higher than cther species of
fish examined from the same relatively mercury free environment. Two possible
hypotheses exist to explain this data; either goldeve accumulate mercury in
some other enviroament and then migrate inte Alberta, or goldeye possess some
unusual physiolegical feature which permits a resident population of goldeye
to accumulate and retain mercury from an enviromment which possesses a
relatively low level of contamination.

A methodology to test the latter hypothesis was developed utilizing
temperature regulated, restricted-movement chambers. A description of this
methodology and preliiminary results will be presented.

Key words: Methodology; chemical analysis; mercury {metal); fish

MUNSON, B.A, 1980 A methodology for determining the distribution and
elimination of mercurial compounds in goldeve (Hiodon aloscides).
Can. Tech. Rep. Fish. Aguat. Sci, 975: 38.

Des laquaiches aux veux d'or, Hiodon alsscides, récoltées en 1973 dans la
North Saskatchewan River (Alberta) contenalent du mercure 3 des teneurs
nettement plus &levées que celles des autres espdces de poissons examinés,
provenant du mfme environnement relativement libre de mercure. On peut
expliguer ce phénom@ne par 1'une ou 1'autre des hypoth&ses suivantes : 1ia
laquaiche aux yeux d'or accumule le mercure dans un autre milieu avant d'émigrer
en Alberta, ou encore elle possédde quelque caractéristique physiclegique
inusitée permettant & une population résidente de laquaiches aux yeux d'or
d'accumuler et de retenir le mercure captd d'un environnement & niveau de
contamination relativement bas.

Liauteur a mis au point une méthodologie afin de vérifier la seconde
hypothése, 4 1'aide de chambres i température contrblée et & mouvements
restreints. Suit une description de cette méthodoleogle 2t des résultats
préliminaires.
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THE MICROTOX BACTERIAL LUMINESCENCE ASSAY FOR AQUATIC TOXICITY MONITORING
ALA, Bulich, M.W. Greene and D.I. Igsenberg
Beckman Instruments, Inc., Carlsbad, California

BULICH, A.A., M.W. GREENE and 5.T. ISENBERG 1980 The microtex bacterial
luminescence assay for aquatic toxicity monitoring. Can. Tech. Rep.
Fish. Agquat. 3¢i. 975: 39-40.

Acute toxicity testing of agquatic samples is conventionally accomplished
with 24 to 96 hour bigassays using various species of fish or other aguatic
biota. Buch testing procedures are time consuming, expensive to perform and
difficult to standardize. The assay method descrihad here, using luminescent
bacteria as the test organisms, correlates well with other bioassays and
requires less than thirty minutes to obtain a complete reportable assay. The
assay system, designated MICROTOX™M, is an instrumental approach in which the
bioassay organisms are handled much like a chemical reagent.

To perform a test, a vial of freeze-~dried luminescent bacteria is
instantly activated via hydration. Aliguots {.01 mL) of this hydrated cell
suspension are diluted inte 0.5 ml. of testing solution. This suspension
(containing about 1005 individual cells) emits a relatively constant amount of
iight, which is easily measured and recorded using a specially designed,
temperature controlled photometer. After obtaining dinitisl light output
values for each of the cuvettes containing test solution, aliquots (0.5 ml)
from a second set of cuvettes containing an arrvay of toxicanv or effluent
concentrations are added.

The array of toxieant concentrations {up tc 8) may include one or more
controls. After allowing time for the toxXicants to effect the corganisms
{usually 5 minutes) final light readings are obtained for each test cuvette.
The decrease in light output corresponding to each toxicant concentration is
easily calculated. An EC50 value {that concentration of effluent or toxicant
which produces a 507 decrease In light output in time t) may be readily
obtained by the usual graphical or computer techniques employved for determin-
ing LO50 values {that concentration causing 50% mortality in time t) in
conventional bioassays.

Optional data reduction schemes are summarized ip a table. Data estab-
lishing the reproducibility of the Microtox system for pure toxicants such as
phenol and sodium laurvl sulfate are presented. Coefficients of variation of
less than 20% are common for pure compounds. The results of over 50 correla-
tion tests on complex effluents using both Microtox and conventicnal bloassays
{such as fish and daphnia) are presented in a summary table. These results
demonstrate a high order of ceorrelation for complex effluents. In addition,
the Microtox EC50 values obtfained for twenty pure compounds are presented in
a table together with published values of LL30 for fish and other organisms.
Again, the similarity between Microtox and conventional bicassay results is
apparent for these compounds which cover an ECS50 (5 minute) range of 0.4 ppb
{tributyltin oxide) to 3% (ethanol).

Key words: Bioassays; toxicity tests; micro-organisms; biocluminescence
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BULICH, A.A., M.W, GREENE and D.I. ISENBERG 1980 The microtox bacterial
luminescence assay for aquatic toxicity monitoring. Can. Tech. Rep.
Fish. Aquat. Sci. 975: 39-40.

Diverses espéces de poissons ou autres communautés aquatiques peuvent trés
bien servir i des essais de toxicité aigud de 24 4 96 h. Mais de tels essais
prennent du temps, sont dispendieux et difficiles 3 normaliser. La m&thode
décrite dan 1'article qui suit, utilisant des bactéries luminescentes comme
organismes expérimentaux, s'accorde bien avec les autres essais biologiques et
nécessite moins de 30 minutes pour un essai complet. Le syst@me, appelé
MICROTOXMC, adopte une approche instrumentale en ceci qu'il impligue la
manipulation des organismes un peu d la fagon d'un réactif chimique.

Dans un essai, des bactéries luminescentes cryodésséchées contenues dans
une &prouvette sont activées instantanément par hydratation. On dilue des
portions aliquotes (0.0l mL) de cette suspension cellulaire hydratée dans 0.5 ml
de solution d'essai. Cette suspension (contenant environ 10° cellules individ-
uelles) émet une guantité de lumidre relativement constante, facilement
mesurable, ei gqui est enregistrée sur un photomé&tre spécialement congu, 2
température contr8lée. Aprés avoir trouvé les valeurs initiales de 1'émission
lumineuse pour chacune des cuvettes contenant la solution d'essai, on ajoute des
portions aliquotes (0.5 mL) prélevées i méme une deuxiéme série de cuvettes
contenant diverses concentrations du toxique ou de 1'effluent.

La série de concentrations de toxiques (jusqu'a 8) peut inclure un ou
plusieurs témoins. Aprés un intervalle suffisamment long pour permettre aux
toxiques d'agir sur les organismes (ordinairement 5 minutes), on procé&de & des
lectures finales de lumidre pour chacune des cuvettes d'essai. On calcule
aisément la diminution de 1'@mission lumineuse correspondant 3 chaque concentra-
tion de toxique. On trouve une valeur de CE50 (cette concentration de 1'effluent
ot du toxique qui produit une diminution de 50% de 1'émission lumineuse dans le
temps t) par les méthodes usuelles, graphiques ou par ordinateur, de détermina-
tion de CL50 (la concentration causant 50% de mortalité dans le temps t) dans
les essais bicleogiques conventionnels.

Nous résumons dans un tableau les schémes optionnels de ré&duction des
données, Nous présentons également les données permettant de reproduire le
systéme Microtox pour des toxiques purs, tels que le phénol et le sulfate lauryl
de sodium. Des coefficients de variation inférieurs 3 207 se rencontrent
communément avec des composés purs. Nous résumons dans un autre tableau les
résultats de plus de 50 essais de corrélation sur des effluents complexes,
utilisant et le systéme Microtox et les essais biologiques conventionnels (comme
avec polssons et daphnies). On constate un haut degré de corrélation avec des
effluents complexes. En outre, les valeurs de CE50 obtenues avec Microtox pour
20 composés purs apparaissent dans un tableau, avec des valeurs publides de CL50
pour des poissons et autres organismes. Ici encore, la ressemblance entre les
résultats par Microtox et par essais biolegiques conventionnels sont évidents
chez ces composé&s couvrant une gamme de CE50 (5 minutes) de 0.4 ug/L (oxyde de
tributyltine) & 3% (éthanol).
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ENVIRONMENTAL ACIDIFICATION IMPACT DETECTION BY EXAMINATION OF
MATURE FISH OVARIES

J.H. McCormick, G.N. Stokes and G.J. Portele

U.S. Environmental Protection Agency,
Environmental Research Laboratory-Duluth,
6201 Congdon Boulevard,

Duluth, Minnesota 55804

McCORMICK, J.E., G.N. STOKES and G.J. PORTELE 1980 Environmental acidifica-
tion impact detection by examination of mature fish ovaries. Can. Tech.
Rep. Fish. Aquat. Sci. 975: 41-48.

Fathead minnow egg production and hatching success at pH 5.3 was scant to
non-existent. F£gegs spawned and incubated until hatching at pH 8.1 and 6.3
produced 39.7 and 5.7% normal larvae, respectively; eggs spawned at pE 6.3 and
incubated at 5.3 produced 0.5% normal larvae. Reproductive failure at pH 5.3
may have been predicted by ovarian histology. Ovaries of fathead minnows at
pH 5.3 had excepticnally high proportions of pre-ovulatory corpora atretica
relative to other cocyte stages present. The fathead minnow data were
generated as a basis of extrapolation to estimate reproductive impairment in
smallmouth bass inhabiting acid environments by examination of their ovarian
condition.

Key words: Acid precipitation; minnow, fathead; bass, smallmouth; gametogen-
esis; reproduction (bioclogy); pH

McCORMICK, J.H., G.N. STOKES and G.J. PORTELE 1980 FEnvironmental acidifica-
tion impact detection by examination of mature fish ovaries. Can. Tech.
Rep. Fish. Aquat. Sci. 975: 41-48.

La production d'ceufs et le succds d'éclosion de tétes-de-boule au pH de
5.3 varient de faibles A non existants. Des ceufs, pondus et incub&s jusqu'a
éclosion 4 des pH de 8.1 et 6.3 produisent 39.7 et 5.7% de larves normales
respectivement; les oeufs pondus 3 un pH de 6.3 et incubés & 5.3 produisent
0.5% de larves normales. L'histologie cvarienne aurait permis de prédire
1'insuccés de la reproduction auv pH de 5.3. A ce pH, les ovaires de t8tes-de-—
boule contenaient des proportions exceptionnellement &leviées de corpora atretica
nréovulatoires par rapport aux autres stades ovocytaires. Ces données ont &té
recueillies comme base d'extrapolation pour estimer, par examen de leur
condition ovarienne, la dégradation de la reproduction chez des achigans a
petite bouche habitant des milieux acides.



Problem Identification

Considerable information is available from both laboratery and field
investigations on the levels of pH which cause adverse effects in & number
of fishes. Among these are the laboratory studies of Mount (1973) with the
fathead minnow and Ruby et al. (1977) with the flagfish; and field studies by
Beamish (1976), Beamish and Harvey (1972}, and Kennedy (1980), whose paper
follows.

Environmental modeling using presently available data will provide
information on the trends and expected rates of development of the
acidification problem. Past work should indicate at what pH adverse effects
can be expected. The work we are lnvelved in is an attempt to provide
earlier warning evidence of actual effects, should it be required, to support
the need for corrective action.

Approach Rationale

The study area chosen for this work was northeastern Minnesota because
of its wvulnerability to degradation from acid precipitation. The smallmouth
bass was selected as the study species as it has been reported among the most
acid sensitive of the aresa's indigencus fishes (Beamish 1976). CGametogenesis
was selected for study because it was reported as probably the most sensitive
life stage affected by acid exposure (Beamish 1974; Xemnedy 1980,
in the following article) and its importance is easily recognized. Field
surveys for young-of-the-year (y-o-y) fish were rejected because of the
difficulty in obtaining dependable megative data. Ovarian condition was
examined by a wmodified form of the the method developed by Ruby et al.
{1977).

Experimental Design

The experimental design called for the acquisition of indices of
ovarian conditions (during the spawning and early post—spawning season) of
mature fathead minnows reared at known pH levels and relating them to the
measured reproductive success within those same populations. The purpose of
the fathead minnow work was to serve as a basis of extrapolatiom from which
the ovarian condition of field exposed fishes {(smallmouth bass) could be used
to predict expected reproductive impairment.

Results and Discussion

Smallmouth bass:

Smallmouth bass ovaries were collected and preserved for histological
examination from twe of the most acid lakes in portheastern Minnesota where
smallmouth bass were reported, and from two non-acid (comtrol) lakes with
pH values between 7 and 8. Thumb and McDonald lakes were sampled as the acid
lakes; pH values at sawmpling in June were 6.75 and 6.85, respectively.

Spring and Dumbbell lakes were chosen as the non—acid lakes, pH 7.40 and 7.10
respectively, in June. One acid and one control lake were sampled within a
day of each other in close geographic proximity {(Table 1). {The ovaries from
these fish are now undergoing histological examination for the establishment
of an index of effect.)
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Gonadalscomatic indicesl/of fish from the two lakes at pH values
between 7 and 8 and those of fish from the lakes with pH values below 7 were
found to be significantly different (t-test, p{U.053) (Table 1). Those
indices of the fish from the alkaline lakes (pH above 7) indicated a more
advanced stage of maturation. However, analysis of variance did not separate
the acid and non—acid lake results into two discrete groups (pr0.035),
suggesting that the gonadal-scomatic index is not a dependable index of
subsequent reproductive success.

Fathead minnows:

Adult fathead minnows were sampled from populations exposed to three
levels of acidification in artifical stream systems at the U.S. EPA
Monticello Ecological Research Station at Monticello, Minnesota. The three
exposures were in Mississippi River water: one unaltered, at pH &.1; and two
exposures in H950,; acidified water, one at pH 6.3 and the other at pH
5.3. Samples were taken four times during the summer of 1979 to determine
both their gonadalsomatic indices {Table 2) and the histological condition of
their ovaries (Table 3) as related to the progress at the spawning season and
the pH of the environment.

Qualitative examination of the ovaries from fish in the artificial
streams at the time of first spawning showed that the fish at pH 8.1 were in
an advanced stage of develeping maturation as much as a week earlier than
those at pH 6.3 and pH 5.3 (Hermanutz, pers. comm. 1979). The same stage
was, however, eventually reached at pll 6.3 and apparently occasionally at pH
5.3 since spawning, though very limited at pH 5.3, did occur at these lower
pH values. Comparisons of the gonadalsomatic indices have not revealed
statistically significant differences associated with these three levels of
pH (p>0.05). Again the gonadalsomatic index dees not show promise as a
prospective indicator of subsequent reproductive success. Histological
indices of pgametogenesis are partially completed at this time and the values
thus far obtained are presented in Table 3 to be discussed later.

Reproductive impairment as indicated by hatching success of eggs from
these same populations bas revealed significantly adverse effects (ANQVA,
p<G.05) when incubated in the artifical streams at pH 6.3 or 5.3 (Fig. 1).
Eggs incubated at pH 5.3 were derived from the population at pH 6.3 since no
eggs from the fish at pH 5.3 were available. (Eggs from the fish at pH 5.3
were too few Lo study at any time and none were available at the time of the
incubation study.) Incubation studies were performed using 4.6 cm x 4.6 cm
stainless steel screen incubation chambers with 2.0 e¢m deep glass bottoms.
The incubating chambers were suspended on styrofoam floats resting in the
artifical streams and anchored to the bottom. The chambers were tended daily
for removal of dead eggs, and counting dead, deformed and normal larvae.
Planaria present at these times were also removed to limit their influence on
hatching success of the eggs.

1/ Gonadalsomatic Index = lovary weight {(g)/total Ffish weight (g)}xl100.
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Data from reciprocal transfer of fathead minnow eggs betwean acid and
unacidified stream conditions indicated that parental exposure at pH 6.3 was
unimportant in reducing the hatching success of eggs incubated atr pH 8.1
{Table 4). Two-way ANOVA found a highly significant effect (p<0.0l) due to
incubation pH and no effect due to parental exposure pH or interaction. Thus
it was questionable whether adverse effects of acid environment of pH 6.3,
which signficantly reduced hatching success, would be revealed by ovarian
examinations. It appears that embryonic development and/or initial larval
stages of the fathead minnow are more sensitive parameters of acid impact on
vear class recruitment than is gametogenesis. To measure this parameter our
incubation apparatus or that described by Kennedy {(1980: in the
following article) seems a good choice, the latter particularly where daily
attendance is difficult.

Though the gonadalsomatic indices of the fathead minnows (Table 2)
showed no relationship to their pH experience, the histological examination
of the ovaries of these same fish indicated that near complete spawning
failure at pH 5.3 may have been predicted on the basis of the abundance of
pre-ovulatory corpora atretica relative to those of the fish at pH 8.1 (Table

3).

The time of sampling can have an important influence on the results
obtained (Table 3). It appears that for the determination of the relative
volume of pre-ovulatory corpors atritica sampling the time for the most
indicative results would be late in the spawning season to early in the post-
spawning period. Pre-~ovulatory corpora atretica are a normal phenomenon in
the ovaries of mature fish during the reproductive period. Henderson (1963)
and others have previously documented this, but the extent and stage of
development of the pre-covulatory corpora atretica found in the fathead
minnows at pH 5.3 seem to indicate complete to nearly complete failure of
ovulation. Henderson (1963) reports 3 to 5% of the maturing ova became
atretic in noruwal brook trout. Possibly an increase of 15-23% or greater
above the number in the species of concern at approximately the same stage of
maturation in a similar but unacidified body of water should be cause for
concern. The 15-257% was chosen as the critical range since it was this range
of wvalues in the fathead minnow that was assoclated with the poor
reproductive success found in the fish at pH 5.3 (Table 3 and Fig., 1)}, and
because scant to no production of juveniles occurred in that artifical stream
(Hermanutz, pers. comm. 1979).

Conclusion

It is our opinion that the accrual of large numbers of pre—ovulatory
corpora atretica among mature fish exposed to acidified environments shows
considerable promise as a means of detecting the adverse impact of
environmental acidification on fishes, but that more samples of fish from
natural populations where effects are already known will be required before
it can be offered as a reliable index of reproductive inhibition.
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Table 1. Gonadalsomatic Indices of Northeastern Minnescta Smalimouth Bass
in Lakes with Different pH Values.

Alkaline Lakes Acid Lakes
Spring Dumbbell Thumb McDonald
6/5+6/79 6/23-24/79 6/ 5~6/79 6/24-26/792
prt 7.4 7.1 6.75 6.85
T 6.5.1.% 7.24 4,31 3.59 2.85
(4,2=14,7287 {1.2-8,5) (1.0-8.3) (0.7=4.2)
Sample size 12 10 9 6

3

l/The pH values reported are those of the lakes at athe time of fish
collections.

g/G.S.Z.= Gonadalsomatic Index.

3/1ines underscore values mot found significantly different, Scheffe's test
(p=0.05).

2/Sampling dates.

Q/(Range).

Table Z. Fathead Minnow Gopadalsomatic Indices from Acid Treated
and Untreated Mississippi River Water Artifical Streams.

pH
Sampling date 8.1 6.3 5.3
6/19 18.1 17.4 15.4

(13.2-22.6) {11.0-26.0} (7.5-28.6}

7/12 12.1 12.5 6.6
{2.1-17.0) {2.1-19,3) {6.8-25.8)

8/14 2.7 8.6 5.6
(0.5-11.4) (1.7-13.23 (2.3-8.4)
a2/

a/Fourth sampie nol yet processed.
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Table 3. Mean percent of Farhead Minnow Ovary Qocyte Volume Occupied by
Fre~Ovulatory Corpora Atretica When Exposed to Three Levels of pH (fifty
cocytes were examined per fish; 5 fish/treatment and date).

Pre-ovulatory corpora atretica

Sampling

dates pH 8.0 pH 6.3 pll 5.3
6/19/79 0.0 5.2%% 4.0
7/12/7% 0.0 7.6 19.6%
8/14-15/79 2.8 22.4 54, Q%%

*, *% Significantly different {p=0.035, and p=03.01, respectively) Duunnett's
one—tailed test using arc sine transformed percent data.

Table 4. Hatching Success, {¥) Normal Larvae Produced from Fathead Minnow
Egegs When Incubated at Two pH Levels and Influenced by Previous pH
Experience {50 eggs/test lot),

Previous pH
experience

{Cametogenesis— Incubation pH
early cleavage) Egg lots Replicates 8.1 6.3
8.1 v A 56 0

B 26 649

Vi A 26 &

B £ 6

X 33 4

6.3 Vil A 48 2

B 40 4

Vill A 30 it

2 30 4

X 37 3

8 This value is a statistical outlier (p<0.99) and not used in the
calculated mean reported below. Two—way ANOV using arc sine transfered %
data including the outlier for the wmost conservative test, found a highly
signifiant incubation pH effect and no effect due to parental pH
exposure or interaction.
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Fig. 1. Percent normal larvae hatched from fathead

minnow eggs incubated at different pH's.
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THE EFFECTS OF LAKE ACIDIFICATION ON EMERYONIC DEVELOPMENT

QF TEE LAKE TROUT SALVELINUS NAMAYCUSH

L.A. Kennedy!

Department of Fisheries and Oceans, Freshwater Institute,
501 University Crescent, Winnipeg, Manitoba, R3T 2N6

KENNEDY, L.A. 1980 The effects of lake acidification on embryonic
development of the lake trout,Salvelinus namaycush. Can. Tech. Rep. Fish.
Aquat. Sci. 975: 49-54.

A high incidence of embryonic mortality and morbidity was seen in an
indigenous population of lake trout,Salvelinus namaycush,inhabiting a lake
experimentaliy acidified over a period of three years to a mean summer pH of
5,84, Fertilization appeared to occur normally but after 15 days 59% of
blastodiscs had died or failed to gastrulate and 60% of the surviving embryos
were morphologically abnormal. Prior to hatching only 6% of the eggs contained
formed embryos and all were anomalous. Both the volume and dry weight of eggs
of fish inhabiting the acid lake were significantly reduced. Even when
incubated in untreated water there was a 50% reduction in egg viability by
midgestation when gametogenesis and fertilization occurred in the acidified
lake.

Key words: Embryclogic failure; gametogenesis; lake acidification

KENNEDY, L.A. 1980 The effects of lake acidification on embrvonic

development of the lake trout, Salvelinus namaycush. Can. Tech. Rep. Fish.
Aguat. Sci. 9751 49-54.

On a obgervé, dans une population indigéne de touladis, Salvelinus
namaycush, habitant un lac acidifié expérimentalement pendant une période de
trois ans pour atteindre un pH estival moven de 5.84, une forte incidence de
mortalité et de morbidité embryvonnaires. La fécondation semble se produire
normalement, mais aprés 15 jours, 50% des blastodisques meurent ou ne subissent
pas de gastrulation, et 60% des embryons qui survivent sont difformes. Avant
1'éclosion, seulement 6% des oeufs contiennent des embryons formés, et tous
sont anormaux. Il v a diminution significative, tant du volume que du poids
sec, des oeufs de poissong habitant le lac acide. MEme avec incubation dans
une eau non traitée, 11 y a diminution de 50% de 1a viabilité des oeufs 3 la
mi-gestation, quand la gamétogénése et la fécondation ont eu lieu dans un lac
acidifié,.

lpyesent address: Department of Anatomy, College of Medicine, University of
Saskatchewan, Saskatoon, Saskatchewan, S7N OWO.
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INTRODUCTION

The acidification of soft water lakes by acid precipitation is known to
destroy fish populations (Beamish 1974, 1975). It has recently been estimated
that in Ontario alone, 48,000 lakes will be endangered by acid precipitation
in the next 20 vears {(Parrott 1979). Almost half of Canada, as well as much
of the northern U.S5.A. contains lakes of similar susceptibility to acidifica~
tion, The dominant sport fish in most of the Canadian lakes is the lake
trout, Salvelinus namaycush.

Field studies near Sudbury, Ontario (Beamish 1974) have shown that vyoung
fish are the first to disappear from lake trout populations as a lake becomes
more acid, which suggests that reproductive failure is the cause. However, it
is not known whether this failure is due to impairment of gametogenesis,
spawning behavior, fertilization, or to a high mortality among developing
embryos or yolk-sac fry.

LAKE 223 ACIDIFICATION EXPERIMENT

Lake 223 is a small lake at the Experimental Lakes Area {(ELA) in the
Precambrian Shield of Northwestern Ontario. Origirnally the pH of its surface
waters ranged from 6.5 to 7.0 during the course of a yvear, Over a period of
3 years Lake 223 has been experimentally acidified with sulfuric acid; pH
values were lowered by approximately (.25 units per year. In 1977, the pH of
the lake averaged 6.1. In May of 1978, the epilimnion pH was lowered to 5.8
where it was maintained throughout the summer and fall (Schindler et al. 1980).
As a part of this whole lake acidification experiment, an indigenous population
of lake trout is being studied to determine where in the reproductive cycle
chroniec and progressive acidification exerts its deletevious effects and at
what phE the effects are detectable. Details of the lake 223 acidification
experiment are given in Schindler et al. {(1980).

EMBRYOLOGICAL FAILURE IN LAKE 223

When lake trout were spawning in early October, 1978, sexually-mature
females and males were captured from Lake 223 and from nearby Reddy Lake,
which is unpolluted. Reddy Lake is chemically similar to Lake 223 prior to
acidification. Both are softwater oligotrophic lakes with little buffering
capacity. Eggs from one female and milt from 2 to 3 males were stripped into
plastic tubs and mixed with water from their respective lake. This procedure
was repeated at least five times for each lake. The day of fertilization was
designated day 0 of the experiment., On day 1, 50 fertilized eggs from one
spawn were pilaced in individual chambers in plexiglass incubators and
suspended in the appropriate lake. Twelwve incubators were placed in each
lake. On days 15, 25 and 30, incubators were removed and eggs monitored for
mortality and embryonic development. Eggs were also sampled in December
immediately prior to hatching (Xennedy 1980).

Eggs from Lake 223 were markedly smaller than those from Roddy Lake.
Despite this, the fertilization of eggs from both lakes was highly (957 to 98%)
gsuccessful. However, the eggs from Lake 223 had a much higher incidence of
early embryonic mortality (TFable 1). In addition, the surviving embryos from
lake 223 had a marked increase in the incidence of gross morphological
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Table 1
Embryonic Deformities among
mortality, % survivors, 7%

Roddy Lake
{(summer pH #6.8)

Day 15 2% 0%

Day 30 7% iz

Day 65 {winter) 74 0%
Lake 223
{summer pH 5.8)

Day 15 59% 607

Day 30 83% 30%

Day 59 {(winter) 947 1007

malformations. Most commonly, there was a unilateral or bilateral sloughing
off of caudal segments leaving a shortened stump or a hook-like tail.
Immediately prior to hatching only 6% of Lake 223 eggs contained formed
embryos and all were either dead or malformed. In contrast, 93% of eggs from
Roddy Lake contained normal live embryos. These results suggest that very few
viable individuals would be recruited from the 1978 lake trout spawn when
gametogenesis and embryogenesis occurred at pH 5.8. That the lake trout did
indeed spawn in 1978 was shown by the observation that females recaptured in
December were not resorbing their eggs. However, young-of-the-vear were
captured in the fall of 1979 (Ken Mills, Freshwater Institute, personal
communication}, It appears, therefore, that at pH 5.84 there are enough acid-
resistant individuals in the lake to allow some recruitment into the existing
population. Whether or not this recruitment will be adequate to maintain a
viable pepulation is as yet unknown.

PARENTAL CONTRIBUTION TO EMBRYOLOGICAL FATLURE

Because of the small egg size and high incidence of early embryonic
mortality and morbidity among the fertilized eggs from Lake 223 parents, a
gecond experiment was conducted to investigate the parental contribution to the
embryological failure. Fertilized eggs cobtained from lake trout in Lake 224
were used as controls, Lake 224 is a slightly more oligotrophic lake of
similar size located immediately upstream to Lake 223 in the same drainage
system. Lake 224 is being used as a conservative control for fish populaticn
studies being conducted on Lake 223. Egg volume and dry weight were
significantly lower {(p > .99) in Lake 223 eggs. No significant variation was
found in Ca, Na, K or P content, per gram dry weight.

Although the relationship between the length of the female and fecundity
is complex, it has been shown that larger salmonids usually have larger and
more numerous eggs than do small fish and that larger eggs yield larger fry
which have a higher survival rate (Bagenal 1967, 1965%; Pope et al. 1961).
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However, for a given age class, the females of Lake 224 are smaller than those
in Take 223 (K, Mills, Freshwater Institute, personal communication). The
paradex in Lake 223, of larger fish producing smaller eggs cannot therefere be
interpreted as a compensatory increase in fecundity, but may be regarded as an
early indicator of acid-related stress. This hypothesis is supported by an
analysis of the early embryological develcopment of fertilized Lake 223 eggs
when incubated in natural, untreated iake water. Approximately 300 fertilized
eges from each of Lake 223 and Lake 224 were incubated in egg trays set in
plastic tubs containing 6 1L of untreated Roddy lLake water. They were
maintained at 10°C for 31 days after fertilization. Whitened eggs were
counted and remcved daily, and 30 "apparently viable' eggs were sampled on
days 4, 9, 15, 20, 26 and 31 for evaluation of growth and development,
Normally, hatching would occur around day 6G zt thls temperature. By day 31,
45 eges from the Lake 223 sample had whitened and were removed, in contrast to
only 1 among the Lake 224 sample. Among the "apparently viable' eggs sampled
for embryological analysis, only 247% of Lake 223 eggs contained eyed embryos
compared to 75% among their Lake 224 counterparts. When incubated under these
controllied conditions there was no difference in the rate of development
between the two groups of eggs, as evidenced in the time of onset of major
developmental events. Once gastrulation had been accomplished there was no
further embryonic loss in either group as seen at day 31 of gestation. It
appears, therefore, that when gametogenesis and fertilization cccur at pH 5.8,
there results a major embryclogical failure as seen in the inability of over
50% of fertilized eggs to gastrulate. Further, because there was no difference
in the incidence of merphological abnormalities between the two groups of
embryos when incubated in untreated water, the 35-fold increase in embryonic
malformations observed among the Lake 223 survivors in the previously
described in situ experiment can be attributed directly to the effect of lake
acidification on embryogenesis following gametogenesis in the acid lake,

CONCLUDING REMARKS

These experiments indicate the extent and the nature of the
embrvological failure observed in lake trout inhabiting a lake which has been
experimentally acidified to pH 5.8. The field study suggests that even if the
pE of the lake were allowed to go no lower than 5.8, the future population
might eventually be seriously affected by the observed embryological failure.
Support for these conclusions is obtained by inventory data collected by the
Province of Ontario (Martin and Olver 1976) which show that only 9% of the
lakes in Ontario which contain lake trout have pH values less than 6.0 and by
a survey of 109 lakes in our area (Beamish et al. 1976) which revealed that
only 3 lakes with a summer surface pH of less than 6.5 contain lake trout.

The above data also show that 437% of lake trout lakes in Ontario have pH
values of 6.0 to 6.5, suggesting that very small reductions in natural lake
pH, as littie as a few tenths of a unit, may impair reproduction of lake trout
in a large number of lakes. The laboratory experiments have demconstrated that
the parental contribution to the embryological failure is a major cause for
the failure of reproduction observed in acidified lakes. Failure of the
sexually-maturing female to achieve elevated levels of protein-bound calcium
(Lockart and Lutz 1977) and impaired ocogenesis (Ruby et al., 1977) are
implicated as possible mechanisms underlying the reduction of early egg
viability. It is clear from the above evidence and discussion that the
continued high emission of S0, from smelting and fossil fuel burning in North
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America will soon have severe effects on lacustrine fish populations of
Eastern Canada and the U.S. and thus on tourism and the sport fisheries in
these areas,
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EFFECTS OF SUBLETHAL PULSE CYANIDE EXPQOSURE ON SEVERAL LIFE STAGES OF
AMERICAN FLAGFISH Jordanella floridae

S.¥. Cheng and S.M. Ruby
Concordia University, Montreal, Quebec
CHENG, S.K. and S.M, RUBY 1980 Effects of sublethal pulse cvanide exposure

on several life stages of American flagfish Jordanells fioridae. Can.
Tech. Rep. Fish. Aguat., Sci. 975: 55-56.

American Flagfish Jordanella flcridae received 5-day pulse exposures teo
sublethal cyvanide during several life stages. The velsative sensitivities of
these stages to cvanide were examined using developmental morphological,
histological, and reproductive parameters.

Developmental experiments invelved exposure of eggs to 0.065, 0.075, 0.087

and 0.15 mg/L HCN from time of fertilization through hatching in continuocusly
- O . . . N . .

reneved water at 25+ 0.5 °C. Results indicate increased hatching times ranging
from 140 hours at 0.065 to 216 hours at 0.15 mg/L HCN as compared with 114
hours in controls. Hatching success was decreased from 85.6% at 0.065 to 3%
at 0.15 mg/L HCN as compared with a control value of 89%. Similarly, fry
survival cecreased with increasing concentration, with values of 96.96, 91.72,
83.92 and 0% at 0.065, 0.075, 0.087 and 0.15 mg/l. HCN respectively, as compared
to 97.8% in controls.

Cyanide~induced anomalies included a high incidence of microphthalmia
(alteration of optical lavers of the eye) and monephthalmia {complete disinte-
gration of the eye), along with body flexures. Measurements of larval pitu-
itary glands Indicated significantly reduced sizes at all concentrations tested.

Exposure of eggs from fertilization to hatching significantly lowered
fecundity levels of females at sexual maturity and mav be related to the reduced
pituitary size cbserved during the pre-hatching period.

Exposure to HCN prior to hatching and again for 5 days during juvenile
development further reduced fecundity levels of mature females and also lowered
hatching success of offspring which were successfully spawned. It is suggested
that the additional reduction may be the result of pocyte damage following
exposure during juvenile development. Females exposed to HCN from fertilization
to hatching and again for 5 days during sexual maturity showed no significant
differences from those which received a single pre-hatching exposure. Sexual
maturity was delayed by 1442 days in all cyanide treated groups. Shortened
estrous cycles (from 12 to 8 days) accompanied by reductions in the maximum
number of eggs laid at the peak of the estrous cvcle were also evident among
the cyvanide treated fdish.

The results indicate that short pulse exposures to low cvanide levels is
critical during both the embryonic and juvenile stages of development, with
effects being expressed in fecundity levels of the sexually mature adults and
also among embryos of the fellowing generation.

Key words: Embryology; sublethal; biloassayvs; developmental stages; cyanides
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CHENG, S.K. and S.M, RUBY 1980 Effects of sublethal pulse cyanide expesure
on several life stages of American flagfish Jordanella floridae. Can.
Tech. Rep., Fish., Aquat. Sci. 975: 55-56.

Nous avons exposé Jordanella floridae 3 des doses sublétales de cyanure, &
intervalles de 5 jours, pendant plusieurs stades de leur eycle biclogigue. Des
paramétres morphologiques, histologiques et reproducteurs ont £té utilisés pour
érudier 1a sensibilité relative de ces stades.

Les expériences de développement comportérent une exposition des oeufs a
0,065, 0.075, 0.087 et 0.15 mg/1, de HCN depuis ls moment de la fécondation
jusqu'd 1'éclosion dans une eau continuellement renouvel&e 4 25 = 0.5°C. On
voit, d'apr@s les ré@sultats, que la durée d'incubation augmente, variant de 140
h & 0.065 & 216 h & 0.153 mg/L de HCN, comparée a 114 h chez les té&moins. Le
succés de 1'éclosion diminue, passant de 85.6% 3 0.065 & 3% 3 0.15 mg/L de HCHN,
comparé a 897 chez les témoins. De m8me, la survie des alevins diminue & mesure
qu'augmente la concentration, avec valeurs de 96.96, 91.72, 83.92, et 0% &
0.065, 0.075, 0.087, et 0.15 mg/L de HCN respectivement, comparées a 7.8% chez

les témoins.

Parmi les anomalies provodquées par le cyanure, on note une forte incidence
de microphthalmie (altération des couches optigues de 1'oeil) et de monophthalmie
{désintégration compléte de 1'oeil), ainsi que des courbures du corps. A toutes
les concentrations test@es, 1'hypophyse accuse une diminution marquée de taille.

Une exposition des oceufs du moment de Ja fécondation jusqu’a 1'éclosion
abaisse de fagon marquée les niveaux de fécondité des femelles & la maturité
sexuelle, et 11 se peut qu'il y ait une relation entre ce phénoméne et la
diminution de taille de 1'hypophyse observée durant la période d'avant-éclosion.

Une exposition & HCN avant 1'éclosion et de nouveau pendant 5 jours au stade
juvénile abaisse encore davantage les niveaux de fécondité des femelles & la
maturité et diminue également le succés de 1'éclosion des ceufs qui avaient &té
pondus. Cette ré&duction supplémentaire pourrait résulter de dommages infligés
aux ovocytes aprés expositien au stade juvénile. Les femelles exposées 3 HCN
du moment de la fécondation jusqu'd 1'éclosion et de nouveau pendant 5 jours
alors qu'elles &talent matures ne différent pas de facon marquée de celles qui
avaient &té soumises 3 une seule exposition avant 1'éclosion. Chez tous les
groupes traités au cyanure, la maturité sexuelle est retardée de 14%2 jours.

On constate aussi, chez les poissons traités au cyanure, des cycles cestriens
plus courts {passant de 12 & 8 jours), accompagnés de réductions du nombre
maximal d'ccufs déposés au pic au cycle cestrien.

Selon ces résultats, de courtes expositicons pulsées 2 de faibles niveaux de
cyanure sont critiques, tant aux stades embryvomnaires que juvéniles de développe-
ment, les effets se faisant sentir dans les niveaux de f&condité des adultes
miirs et aussi chez les embryons de la génération suivante,
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TOXICITE SOUS-LETALE DU CUIVRE CHEZ LES OEUFS D'OMBLE DE FONTAINE:
CARACTERTSTIQUES BIOCHIMIQUES DE LA TOXICITE RETARDEE

R. Van Coillie, C. Thellen et R. Schoenert

Divisicn des Services Biologiques,
Eco~Recherches Ltée (C-I-L),
Pointe-Claire, Québec, HIR 1EH

VAN COILLIE, R., C. THELLEN et R. SCHOENERT 1980 Toxicité sous—-1létale du
cuivre chez les ceufs d'omble de fontaine, Salvelinus fontinalis:
caractéeristiques bilochimiques de la toxicité retardée. Can. Tech. Rep.
Fish. Aquat. Sci. 975: 57-67.

Des oeufs embryonnés d'omble de fontaine ont &té soumis 3 diverses
concentrations sous-ldtales de cuivre dans le but de mettre en évidence 1'effet
toxique retardé d'un traitement continu sur 1'embryon. La mortalité cumulée
des oeufs est peu significative durant les vingt jours de traitement précédant
1'éclosion. Par contre, un effet létal ultérieur est induit chez les alevins
issus de ces oeufs. Au niveau des embryons, 1'accumulation du cuivre a un effet
inhibiteur sur les synthéses des ARN (acides ribonucléiques) pendant 1'organo-
génése. En conséquence, le non-remplacement des ribosomes maternels chez
1'alevin pourrait expliquer le mécanisme de toxicité retardée observée aprés
1'éclosion,

VAN COTLLIE, R., C. THELLEN et R. SCHOENERT 1980 Toxicité scus-létale du
cuivre chez les oeufs d'omble de fontaine, Salvelinus fontinalis:
caractéeristicues biochimiques de la toxicité retardée. Can. Tech. Rep.
Fish. Aquat. Sci. 975: 57-67.

Embryonated brook trout eggs were subjected to various sublethal concentra-
tions of copper in order to observe the delayed toxic effect of a2 continucus
treatment on the embryo. The cumulative mortality of the eggs is insignificant
in the twenty days prior to hatching. However, a subsequent lethal effect is
induced in the fry hatched from such eggs. In the embryonic stage, the accumula-
tion of copper has an inhibiting effect on the ribonucleic acid (RNA) syntheses
during organogenesis., Consequently, the non-replacement of maternal ribosomes
in the fry could explain the mechanism of delaved toxicity observed after
hatching.

Key words: Bioassays; embryology; developmental stages; trout, brook; algae;
Chlorella vulgaris: copper; sylvicor; ribonucleic aeid
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INTRODUCTION

Depuis quelques annges, 11 v a un intér&t grandissant pour la
toxicité du cuivre chez les organismes aquatigues. Certaines
études de toxicité létale ont d'une part montré que 1'effet de

ce métal lourd peut varier selon les conditions physico-chimiques
(Howarth 1978; Sylva 1976). D'autres expériences se sont par
contre orientées vers les effets sous-l8taux du cuivre (McKim
1971, 1974) et leurs aspects physiclegiques, histologiques, etc.
{(Sprague 1976). Suite A ces recherches, on s‘oriente de plus

en plus vers 1l'explicatiocn des mécanismes de la toxicité d'autant
plus que 17introduction de technigues plus précises permettent
d"explorer certains aspects autrefois lgnorés.

Cette étude est présentée dans le buit de mettre en valeur le
phénoméne de toxicité retard@e observé aprés un traitement
sous—-létal de culvre chez des oeufs de poissons. Elle veut

en outre préciser un aspect du mécanisme de toxicité du cuivre
ad 1l7aide de techniques bilochimiques.

APPROCHE EXPERIMENTALE

Des ceufs embryonnés d'omble de fontaine, Salvelinus fontinalis,
obtenus de la pisciculture provinciale de Baldwin Mills {(Québec)
ont €été placés dans quatre aquaria de 2.5 litres et conservés

z 1'obscurité dans une chambre 3 température contrflée (59C% 0.1).
L'eau d'une riviédre locale a £té utilisée & un débit constant

(10 ml/min) pour chaque bassin durant toute l'expérience. (es
conditions physico-chimiques principales ont €ré maintenues

telles qu'identifiées au tableau l.a et des traitements périodiques
aux rayons ultra-viclets ou & l'ozone assuraient sa pureté micro=-
bienne.

Apres une acclimatation de 20 jours, les oeufs ont €té soumis 3
un traitement continu de 0, 5, 10, 15 ug/l de cuivre (CuSO .5H20L
Ces solutions de sulfate de cuivre &taient ajoutées 3 1l'eau de
dilution par un systéme de Bouteille Mariotte (Leduc 1966) et

de pompe proporticnnelle. Le dosage du cudvre &tait effectud

par spectrophotométrie en absorption atomigue avec et sans flamme
(EPA 1974); tel qu'indiqué au tableau 1.b, une concentration na-
turelle d'enviren 4 pg/l &tait présente dans l'eau de dilution.
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Tableau 1: Conditions physico-chimiques et teneurs en

expérimentale.

Température (OC}

pH

Duretéd (mg/L Ca Mg)
Conductivité (uchms)
Salinité {(mg/L)
Oxvgéne dissous (mg/L)

Obscurité

Nominales

0 4.3 %
5 8.9 &
10 14,1 %
15 1.6 ¢
* Intervalles de confiance (t 0.05) pour N

5.0

6.8
22.6
55
38.7
13.4

S SR b S

I+

+

+

cuivre dans les aquaria lors de 1l'incubation

0.2
0.2
1.7
4.3
2.8
0.3

sauf lors de

1'échantillonnage

Déterminées

*
0.3

0.
0.
1.

W oo b

Ji

30 en a.

= 20 en b.



60

Aprds 1'écliosion des oeufs, d'une part, le traitement au cuivre
était maintenu pour 100 alevins pendant 20 jours et, d'autre
part, un groupe de 100 autres alevins &tait transféré dans des
bassinsg de récupération pendant 30 jours afin de déceler les

mortalités retardées.

ECHANTILLONNAGE

Aux jours ¢, 10, 20 de l'incubation expérimentale, des oeufs
dtatent prélevés afin de procéder aux mesures de croissance
embryonnaire et de mortalité et aux analyses biochimiques ap~-
propriges. La croissance des embryons était déterminée en mg

de poids frais et de poids sec (aprés séchage durant 18 heures
dans une &tuve & 105° ¢). La mortalité cumulée (7) &tait &valuée
3 partir de prélévements de 100 oeufs.

En vue de déterminer les effets d'excds sublétaux du cuivre sur
1'anabolisme des oeufs au niveau de leurs synthZses d'ARN (acides
ribonucléiques), 150 oceufs &€taient enlevés et transférés dans

une solution contenant un précurseur radioactif spécifique

(5 uCide 14C uridine/ml; activitéd spécifique 490 mCi/mM) pendant
60 minutes & 5° C et & 1'obscurité. Aprés plusieurs lavages a
i'eau distillée, les ceufs &taient ouverts dans une solution

de Ringer G4 glacée pour en retirer les embryons. On extrayait
ensuite les ARN de ces derniers, au meyen de procédés biocchimiques
(Parish 1972: Clark 1964) résumés au tableau 2. Par la suite,
le dosage de la radiocactivité incorporée &tait effectué avec un
scintillateur Picker Nuclear Liquimat afin de déterminer les
valeurs anaboliques des ARN. Aprés 1'ewxtraction, des profils

de sédimentation des ARN embrvonnaires &taient aussi établis.

RESULTATS

1. Croissance des embryons

Durant les vingt jours de traitement des oceufs embryonnés,
des mesures périodiques de croissance des embryons ont &té
effectuées en poids sec et poids frais {(tableau 3). Une
croissance de plus de 70Z a €té observée en conditions
normales tandis que cet acecrolssement diminuait proportion-
nellement avec 1'augmentation de la concentration de cuivre.
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Tabisau 2: Techniques d'extraction et de séparation des ARN d'embryons
{Parish 1972).

RADIOMARQUAGE

0.5-5.0 uci14C Uridine/ml durant 60 minutes 3 la fin du traitement
Dissection

HOMOGENISATION (EMBRYONS SEULS)
(Tampon Tris pH 7.2 SOC)

EXTRACTION PHENOLIGUE DES ARN
(1:1 & 5°¢y

Culot phiénolique
SURNAGEANT ARN + IMPURETES

PRECIPITATION ETHANOLIQUE DES3 ARN

(2:1, - 20° C, unme nuit)

v

i {ARN PRECIPITESF—-wmwwwuuquV

POSAGE SPECTROPHOTOMETRIQUE DOSAGE RADICQACTIF DEPROTEINISATION DES ARN
(M&thode Ovrcinol) (Scintillation (SDS 2%, tampon tris pH 7.2, 37°C, 10 min)}
ligquide)
l DIGESTION DES ADN
mg ARN/g, poids sec CYM PDPM/G, {ADNase 0.53%Z, tanmpon tris, pH 7.2, B?OC, 60 min}

l poids sec

PRECIPITATION A L'ETHANOL

* {-QOOC, une nuit)
I VALEUR ANABOLIQUE DES ARN ]

ULTRACENTRIFYUGATION
(Gradient linéaire de sucrose 10~407,
7000 g, 12 h, 20°C)

PRGFIL DE SEDIMENTATION PROFIL RADICACTIF
{260 mu} (Scintillation)

v v

SEPARATION DES CLASSES D'ARN




Tableau 1! Variations de la croissance lors de 1'ineubation expérimentale
(mg, potds frais et poids sec) des oceufs.

JOUR O JOUR 10 JOUR 20

Poids frais* Peids seec * Poids Erais* Poids sec* Polds frais* Polids sec*
(mg) (mg) (mg)} (mp) (mg) (mpg)

CONTROLE 121.4 & 16.5 18.1 + 2.1 158.7 + 17.8 22.5 * 2.5 215.8 ¢ 24.1 30.8 + 3.3
A 312 A 247 A 787 A 707

5 wg/b, cu' T 121.4 + 16.5 18.1 + 2.1 151.3 ¢ 13.1 21.0 & 1.7 196.9 + 25.6 27.9 + 3,3
A 257 A 167 A 627 4 547

10 pg/t, Cutt 121.4 ¢ 16.5 18.1 + 2.1 147.4 & 16.2 19.7 ¢ 1.4 177.3 + 19.7 24.5 + 1.9
A 217 A 91 & 46T A 357

15 pg/u, cu't 121.4 + 16.5 18.1 + 2.1 141.0 ¢ 10.8 19.0 + 0.8 165.2 ¢+ 21.8 29,9 + 2.9
A 167 A sz A 367 A 263

* Intervalles de confiance (t 0.05) pour B

"

50

Tableau 4: Mortallté cumulée (Z) observée lors de 1'Incubation expérimentale des ceufs et alevins.

IRALTE TRAITE NON TRAITE
20 jours 20 lours 20 jours 30 jours

CONTROLE 37 o 177 147 197
i)

5 pg /L, cutt 47 - 557 237 847
o
4+ ©

10 ug/L, Cu 6% - 917 407 947
(o ]

s \ -
15  ug/L, Cu 97 i 1007 677 1007

Z9
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2. Mortalitg cumulge
e traitement continu au cuivre durant la période d'éclosion
n'a pas donné lieu 3 un pourcentage de mortalité significa-
tif (tableau 4). Par contre, aprés 1'éclosion, la continua-
tion du traitement pendant 20 jours a un effet létal direct
sur les alevins, spécialement aux concentrations >10 ug/L
ol plus de 90% de mortalité cumulée est observé, Par ailleurs,
les alevins non-traités mais issus d'oeufs traités au cuivre
sont aussi mortellement affecté&s aprés 20-30 jours de délai.
Ceci soutient que des synthéses essentielles au développement
des aleving ont été dinhibées par le cuivre chez les embryons
d'omble de fontaine lors de leur traitement en conditions
sous-létales avec ce métal.avant 1'Bclosion.

Pour expliciter les mécanismes d'action toxique du cuivre
dans l'embryon, les effets métaboliques de ce métal ont

2té &tudiés au niveau de la synthése des ARN. A cette fin,
1'extraction des ARN radiomarqués des embryvons nousg a permis
de déterminer les valeurs anaboliques des ARN. Les résul-
tats, exposés au tableau 5, indiguent qu'en conditions nor-
males, une augmentation de la synthése des ARN est observée
durant la période avant 1'é&closion et que cette &labora-
tion diminue proporticonnellement avec la concentration et

l1a durée du traitement au cuivre, Lors de 1l'expérimentation,
nous avons en outre cherché& 3 savoir, parmi les diverses
classes d'ARN des embryons, quelles &taient celles dont
1'8laboration était Je plus affectée par le cuivre. Dans
ce but, nous avons effectué des intégrations de profils de
sédimentation des ARN embryonnaires radiomarqués et avons
ensuite comparé les intégraticns obtenues pour les embryons
traités avecg 15 ug/lL de Cu avec celles précisées pour les
embryons~témoins. Les résultats de cette comparaison figu-
rent au tableau & et montrent que le cuivre inhibe princi-
palement 1'Elaboration des pré-r—~ARN (et conséquemment des
r-ARN et ribosomes) parmi les catégories d'ARN.

DISCUSSION

En conditions scus—-létales, l'ensemble des effets induits par
le cuivre chez les oceufs embryonnés d'omble de fontaine ne pro-
vogue pas une hausse significative de la mortalité chez ces oeufs



Tableau 5: Effets du cuivre sur la synthése des ARN chez les oeufs d'eombie de fontaine.

TRAITEMENT JOUR O JOUR 10 JOUR 20
* * *
CONTROLE 291 34 372 31 518 53
A 287 A 793
ok ; .
5 wgfhk,. Cu 297 34 366 42 199 41
& 267 & 377
++ -
10 yg/L, Ca 291 34 157 16 178 31
A 227 A 302
15 ugp/L, cu'’ 291 34 329 34 343 36
A 137 A 187
1
* DPM  yCi ]DC uridine/ mg ARN t Intervalles de confiance (t 0.05, N = 10)

(60" incorporation) (peids sec}

Tableau 6: Réduction des synthéses des ARN suite & 1'exposition aucuivre des oeufs
d'omble de fentaine (Jour 20).

4-7 5, ARN 18-28 S, ARN 15-18 §, ARN 50-50 5, ARN
LE-ARN etc) U LoARN) (Pré-r-ARN) (Pré-m-ARNY
* * * E
CONTROLE 110 410 200 140
5 ug/h, cu't 105 185 185 130
- 47 -4 62 -4 77 “A 77
10 pg/t, cut? g5 310 155 120
“AL3Y 0247 —A227 ~B14Y
15 wg/L, Cu't a0 240 110 90
~A26Y YSY: SALBT ~h34T

4
% DPM uci i“C uridine/f mg de ARN {classe)
(60" incorporation) {(poids sec)

79
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mais entraine une augmentation prononcée de la mortalité des
alevinsg issus de ceux-ci. Bien que le chorion capte la maiorité
du cuivre pénétrant dans les oeufs, 11 s'en accumule graduelle-
ment & l'intérieur de l'embryeon {(Van Coillie et al. 1975), ce
qui y provoque une inhibition de la syanthése des ARN, principa-
lement au niveau des ARN ribosomaux et préribosomaux. Durant
1'organogenése, ce sont surtout des ribosomes d'origine mater-
nelle qui assurent 1'@laboration des processus anaboliques

(Hay 1968); aprés 1'é&closion, le non-remplacement de ces ribo-
somes et 1'insuffisance d'ARN inducteurs préts défavorisent
indirectement des nouveaux processus anaboliques et entrainent
ainsi progressivement la mort des alevins (tableau 7).

Ces observations mentrent que, plusieurs classes d'ARN E&tant
des inducteurs de processus métaboliques essentiels décalés
dans le temps, une inhibition de 40-607% de la synthése des

ARN par un agent chimique en concentration apparemment inof-
fensive guffit pour occasionner une toxicité retardée. On

peut dés lors considérer que la détermination du degré de cette
inhibition (taux d'incorporation de 14C uridine/h/mg ARN) chez
des organismes-cibles est utile pour déceler un potentiel de
toxicité retardée,



Tableau 7¢: Mécanismes de toxicité retardée engendrés par le
cuivre chez l'embryon d'omble de fontaine.

PENETRATION DU CUIVRE DANS L'EMBRYON

(aucune mortalité significative)

FIXATION PREFERENTIELLE DU CUIVRE SUR BES
SITES DETERMINANTS POUR UN DEVELOPPEMENT FUTUR

(sites histologiques, cytologiques, macro-moléculaires)

INHIBITION DES SYNTHESES DES ARN

PAS DE REMPLACEMENT DES RIBOSOMES MATERNELS
DONC, ABSENCE D'INDUCTEURS CHEZ L'ALEVIN

TOXICITE OBSERVEE APRES ECLOSION

99
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CHEMICAL METARCLIC REGULATORS: USEFUL OR HARMFUI STRESSORS?
G. Leduc
Concordia University, Montreal, Quebec

LEDUC, G. 1980 Chemical metabolic regulators: Useful or harmful stressors?
Can. Tech. Rep. Fish. Agquat. Sci. 975: 68-70.

In water pellution toxiceology there are two broad categories of chemicals
which concern us: the synthetic chemicals such as domestic and industrial
products and/or wastes, pesticides, etc., which can often readily be absorbed
by organisms having little or no means of defense, because, evolutionarily
speaking, these chemicals are entirely new to them.

The second category includes naturally cccurring chemicals or compounds
such as various dissolved gases of biological origin (NH3, HpS, HCN, CHg) as
well as a multitude of other organic substances. There is also a vast number
of incrganic chemicals leached cut of the earth crust and present in variable
amounts in water. Aquatic life has evolved and "learned" to live with these
"toxicants" of biological and/or weathering origin. Some elements however,
like the heavy metals, have never been very abundant in water because they were
locked in deep in the rock or present in an insoluble form. Due to their past
scarcity they are today, most dangerous. Man, through various activities,
creates toxic conditions by promoting excessive amounts of chemicals above and
beyond what naturally existed in water.

Ecotoxicologists, protection agencies and legislators converge their
efforts to achieve effective water quality objectives which are applicable,
enforceable and ecologically scund. We have however, often adopted quite
arbitrarily the principle of the Maximum is the Optimum tc gqualify the response
of our test organisms to toxic conditions. We call "harmful" any treatment
that will significantly "reduce” or "impair' such performance as growth, swim-
ming, respiration or even egg and frv production. These poorer performances
are not necessarily bad in nature where the Maximum is not always the Optimum.

Are we trying to do better than nature? In our guest for pollution control
we strive for "clean" water but ignore the possibility of useful roles of many
highly reactive natural chemicals in water acting as metabolic regulators.

Also, testing at constant concentrations, we ignore the intermittent conditions
that prevail in nature.

Chemicals such as NH3, HoS, HCN, NOg, etc., can be very toxic yvet they
often occur in unpolluted waters sometimes at "toxic' levels. The harmful
effects of these chemicals have long been studied and published but their roles
in nature, at low intermittent {seasocnal) levels have not. One of these howev-
er, free cyanide (HCN) has received a lot of attention in recent vears and
there is enough evidence to suggest a positive role of low intermittent levels.

Recent studies in Germany and in the Canadian Prairie Provinces show
cvanide levels in streams of agricultural and wilderness watersheds to vary
seasonally with peaks occurring during fall and winter in small streams but
during summer in the larger ones. Fairly constant low levels of 0.005 mg/L
were measured whereas occasional peaks of 0.03 to 0.06 mg/L were reported.
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Acclimation of fish through continuous exposure to low levels of cvanide
can enhance their resistance to potentially lethal concentrations. On the
other hand, low levels of cyanide, harmful during continuous exposure mav be
harmless under intermittent exposure allowing the organism to recover and/or
detoxify the poison. There is indeed laboratory evidence with several fresh
species (cichlids, coho salmon, raimbow trout, brook trout, Arlantic salmon
and flagfish frv) of a growth rebound during or after exposure to cyanide.

Remains the last question, could low seasonally varying levels of cyanide
be valuable? Given the high biological reactivity of cyanide and its natural
occurrence, it is unlikely that it would have had no evolutionary infliuence on
aguatic organisms. Acting alone or in combination with other environmental
factors on the metabolic rate through its action on the respiratory chain or
indirectly through the endocrine system, cyanide could have a determining
influence on physiological functions of ecological significance yet to be
discovered.

The water quality objective of extremely low levels of c¢yanide required
at all times to protect aquatic life is not entirely defendable in view of its
frequent occurrence from natural origin.

Key words: Water quality; pellutants; organic compounds; bioassays; cyanides;
metabolism; respiration; endoecrine

LEDUC, G. 1980 Chemical metabolic regulators: Useful or harmful stressors?
Can. Tech. Rep. Fish. Aquat. Sci. 975: 68-70.

Deux grandes catégories de substances chimiques nous intéressent dans la
toxicologie de la pcllution de 1'eau : les substances chimiques synthétiques,
telles que les produits ou déchets domestiques et industriels, les pesticides,
etc., facilement absorbés par des organismes i peu prés sans défense, puisque,
en terme d'évolution, ces substances chimigues sont entiérement nouvelles pour
eux.

La seconde catégorie comprend les substances ou composés chimiques produits
naturellement, tels que les divers gaz dissous d'origine biologique (HNs;, H2S,
HCN, CHy)}, ainsi qu'une multitude d'autres substances organiques. Il existe
Egalement un grand nombre de substances chimiques inorganiques extraites de la
crolite terrestre par lessivage et pré&sentes en gquantit@s variables dans 1'eau.
Dans le cours de leur &volution, les organismes aquatiques ont "appris™ i vivre
avec ces 'toxiques' d'origine biologique ou résultant d'une altération 3 1'Tair,
ou des deux. Certains &léments, cependant, tels que les métaux lourds, n'ont
jamais été abondants dans 1'eau puisqu'ils &talent emprisonnés dans le roc ou
présents sous une forme insoluble. Justement 3 cause de leur rareté passe, ce
sont, aujourd'hui les plus dangereux. Par ses diverses activités, 1'homme crée
des conditions toxiques en produisant d'excessives quantités de substances
chimiques, dépassant de beaucoup ce gui existait naturellement dans 1'eau.

Les &cotoxicologues, les organismes de protection et les législateurs
combinent leurs efforts en vue de trouver des mesures efficaces de contrdle de
la qualité de 1l'eau qui seront applicables, excutoires et écologiquement saines,
Nous avons toutefois adopté & maintes reprises, plutdt arbitrairement, le
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rincipe que "maximum est optimum" pour décrire la rfaction de nos organismes

24
d'essai 3 des conditions toxiques. On qualifie de "nuisible" tout traitement
qui "diminue” ou "ralentit" de fagon marque des performances telles que
croissance, nage, respiration ou méme production d’oeufs et d'alevins. Ces
performances réduites ne sont pas nécessairement mauvaises dans la nature, ol
le maximum n'est pas toujours 1'optimum.

Est-ce que nous essayons de surpasser la nature? Dans nes efforts visant
A contrdler ia pollution, nous avons comme obiectif une eau "'propre", mais nous
ignorons les r8les que peuvent jouer plusieurs substances chimiques naturelles,
fortement réactives, dans 1'eau, qui agissent comme r8gulateurs métaboliques.
En outre, le fait d'effectuer les essais 3 des concentrations uniformes ne tient
pas compte des conditions intermittentes qui prévalent dans la nature.

Des substances chimiques telles que NHj, H:S, HCN, N0., ste., peuvent Etre
trés toxiques mais se trouver quand méme dans des eaux non polludes i des
niveaux "toxiques”. On &tudie depuis longtemps les effets nuisibles de ces
substances, mals non leurs rdles dans la nature, 3 de bas niveaux intermittents
{saigsomniers). Il en ast une, toutefois, le cyanure libre (HCN), auguel on a
accordé beaucoup d'attention ces derniBres années, et qui jouerait un rdle
positif & de faibles niveaux intermittents.

De récentes &tudes en Allemagne et dans les provinces des Prairies
canadiennes démontrent gque les niveaux de cvanure dans les cours d'eau de
bassins agricoles et sauvages varient saisonniérement. Des pics se produisent
en automne et en hiver dans les petits cours d'sau, mais en 8té dans les grands.
On a observé de faibles niveaux, assez uniformes, de 0.005 mg/L, mais des pics

occasionnels de 0.03 & 0.06 mg/L ont &té signalés.

Une exposition continue 3 de bas niveaux de cyanure, en permettant aux
poissons de s'acclimater, peut accroitre leur résistance 4 des concentrations
potentiellement lé&tales. D'autre part, de bas niveaux de cyanure, dangereux i
une exposition continue, peuvent 8tre inoffensifs 3 une expositicn intermittente
qui permet & l'organisme de se rétablir ou de se débarasser du poison, ou des
deux. Des expériences en laboratoire démontrent en effetr que chez plusieurs
espéces de poissons en eau douce {(cichlides, saumon coho, truite are-en-ciel,
omble de fontaine, saumen atlantigque et alevins de Jordanella floridae), il y a
rebondissement de la creissance durant ou aprds exposition au cyanure.

Derniére question, est-ce que de bas niveaux de ecyanure, variant
saisonniérement, peuvent £tre utiles? Etant donné la forte réactivité
biologique du cyanure et son occurrence naturelle, il est peu probable qu'il
n'ait eu aucune influence sur 1'évelution des organismes aquatiques. Soit gu'il
agisse seul ou combiné 3 d'autres facteurs de 1'environnement sur le taux
métabolique par action sur la chaine respiratoire, ou indirectement par le
systéme endocrine, le eyanure pourrait aveir une influence déterminante sur des
fonctions physiologiques d'importance &cologique encore inconnues.

Parce qu'on trouve fréquemment du cyanure d'origine naturelle, i1 n'est pas
sir qu'on puisse justifier un objectif de qualitd de 1'eau avec niveaux
extrémement bas de cyanure en tout temps dans le but de protéger la vie
aquatique.
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AN EVALUATION OF CADMIUM TOXICITY TO OSMOREGULATORY FUNCTION IN RAINBOW

TROUT (Salmo gairdneri)

M.A. Giles, H.S. Majewski, W,A, Macdonald and R.D. Danell

Department of Fisherles and Oceans, Freshwarer Institute,
501 University Crescent, Winnipeg, Manitoba, R3T 2N6

GILES, M.A., H.5. MAJEWSKI, W.A. MACDONALD and R.D. DANELL. 1980 An evalua-
tion of cadmium toxicity to osmoregulatory function in rainbow trout
(Salmo gairdnmeri) . Can. Tech. Rep. Fish. Aquat. Sci. 975: 71-72,

The effects of exposure of adult rainbow trout te 3.6 and 6.4 ug/L
cadmium over a 178 day pericd on blocd and urine levels of calcium,
magnesium, sodium, potassium, chloride and total osmolality and on the
rates of cadmium bicaccumulation in gill and kidney were investigated.

Cadmium accumulated rapidly to 25 ug/g dry weight in gill tissue
{a 102 increase over controls) during the initial 23 davs of exposure and
remained ceonstant at this lavel for the remainder of the exposure period.
Cadmium increased rapidly (alog Cd = 0.033 yg/g/day) in kidney tissue
during the first 23 davs of exposure and continued to increase in a linear
manner {(plog Cd = 0.008 pg/g/day) for the remaining 155 days of exposure.
In borbh gill and kidney tissues the rate and magnitude of cadmium accumulation
was identical in fish exposued to 3.6 and 6.4 ug/L cadmium.

With the possible exception of plasma calcium, exposure to 3.6 ue/L
cadmium did not induce anv changes in the concentrations of blood or urine
electrolytes. Exposure to 6.4 pg/L cadmium, however, induced a consistent
reduction in plasma catl (x = 84 .7 of control)}, Nat (x = 96.9%7 of control),
KT (X = 87.9% of control) and 17 {(x = 95.4% of control), and an increase
in plasma Mg+2 (X = 119.2% of control). Although the plasms osmolality of
exposed fish was not significantly different from contrel fish the con-
tribution of the major electrolvtes (Cat2, Mgt?Z, wa¥, ¥t and C17) to total
plasma osmolality was consistently less in cadmium treated fish.

Increased urinary loss of sodium, sufficient to account fer the decrease
in pilasma sodium was observed in cadmium exposed fish. Urinary loss of both
calcium and magnesium was reduced for the first 52 days of cadmium exposure
but increased to rates above that of controls upon continued exposure.
Chloride excretion by the kidney was not significantly changed in cadmium
exposed figh. Analyses indicated that some non-identified osmotically
active constituent(s) of the urilne, possibly bicarbomate or phosphate,
progressively increased in concentration over the period of exposure to
cadmium and accounted for approximately 807 of the difference in calculated
and measured loss of osmotic constituents in the urine.

Key words: Sublethal; bicassays; bicaccumulation; cadmium:; trout, rainbow;
osmoregulation
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GILES, M.A., H.S. MAJEWSKI, W.A. MACDONALD and R.D. DANELL 1980 An evalua-
tion of cadmium toxicity to osmoregulatory function in rainbow trout
(Salmo gairdneri). Can. Tech. Rep. Fish. Aquat. Sci. 975: 71-72.

On trouvera dans 1'article gqui suit les résultats d'une &tude menge en
vue de déterminer les effets d'une expeositien de truites arc-en—ciel adultes 2
3.6 et 6.4 lg/L de cadmium durant une période de 178 jours sur les niveaux
sanguins et urinaires de calecium, magnésium, sodium, potassium, chlorures et
osmolalité totale, ainsi que sur les taux de bicaccumulation de cadmium dans la
branchie et le rein.

Le cadmium s'accumule rapidement et atteint 25 upg/g de poids sec dans le
tissu branchial (une augmentation de 10° par rapport aux témoins) dans les 23
premiers jours d'exposition et se maintient & ce niveau jusqu'd la fin. Le
cadmium augmente rapidement (Alog Cd = 0.033 ug/g/jour) dans le tissu rénal dans
les 23 premiers jours d'exposition et continue 3 augmenter linéairement (Alog
Cd = 0.008 ug/g/jour) durant les 155 jours qui restent. Dans les tissus
branchial aussi blen que rénal, le taux et 1'ampleur de 1'accumulation de
cadmium est identique chez des poissons exposés 4 3.6 et 6.4 Ug/L de cadmium.

Sauf possiblement pour le calecium plasmaticue, une exposition & 3.6 ug/L
de cadmium ne déclenche aucun changement de concentration des &lectrolytes
sanguins ou urinaires. Cependant, une exposition & 6.4 ug/L de cadmium
déclenche une réduction uniforme, dans le plasma, de Ca*? (x = 84.7% du témoin),
Nat (x = 96.97 du témoin), K™ (x = 87.9% du témoin) et C17 (X = 95.4% du témoin),
et une augmentation de Mg™? plasmatique (X = 119.2% du témoin). Bien que
1'osmolalité plasmatique des poissons exposés ne différe pas de facon marquée
de celle des témoing, la contribution des E&lectrolytes majeurs (CatZ, Mgt?,

Nat, K* et C17) 4 1'osmolalité plasmatique est uniformément moindre chez les
poissons traités au cadmium.

Chez les poissons exposés au cadmium, nous avons observé une perte de
sodium accrue dans 1'urine, en quantit@ suffisante pour expliquer une diminution
du sodium plasmatique. La perte dans 1'urine tant du calcium que du magnésium
diminue dans les 52 premiers jours d'expesition au cadmium mais, avec exposition
continue, augmente & des taux supérieurs & ceux des témoins. L'excrétion
rénale des chlorures ne change pas significativement chez les poissons exposés
au cadmium. On constate, aprés analyses, que certain constituant ou
constituants osmotiquement actifs de 1'urine, possiblement bicarbonates ou
phosphates, augmentent de concentration durant 1z péricde d'exposition au
cadmium et rendent compte de 807% environ de la différence entre la perte
calculée et mesurée de censtituants osmotiques dans 1'urine.
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THE EFFECTS OF TEMPERATURE ON THE ACUTE TOXICITY OF LEAD AND CADMIUM TO
Daphnia magna AND THREE NATURALLY-OCCURRING SPECIES OF GREAT LAKES
CRUSTACEAN ZOOPLANKTON

J.B., Wilson

Department of Zoology, College of Biological Sciences, University of Guelph,
Guelph, Ontario, N1G 2W1

WILSON, J.B. 1980 The effects of temperature om the acute toxicity of lead and
cadmium to Daphnia magna and three naturally-occurring species of Great Lakes
erustacean zooplankton. Can. Tech. Rep. Fish. Aguat. Seci. 975: 73-80.

Very little research has been directed towards the effects of toxicants on
the naturally-occcurring crustacean zooplankters which form vital trophic iinks
in lake ecosystems. Many experiments have been based on laboratory-cultured
Daphnia magpna, but these have generally featured static biocassays, arbitrary
temperature selection, and/or animal concentrations far exceediang in situ levels.
This study includes a representative of each of the three groups of Great Lazakes
crustacean zooplankton, as well as Daphnia magna, in a comparative examinatioen
of the acute effects of lead and cadmium. The lake species include Cyclops
bicuspidatus thomasi (a cyclopoid copepod), Diaptomus sicilis {(a calanoid cope~
pod), and Daphna galeata mendotae (a cladoceran). All are abundant throughout
the Great Lakes. Experiments utilized a 10-stage (one order—of-magnitude)
micro-dilutor, five reps./concentration, ten animals/rep., and holding chambers
which provided close to 100 ml/animal while permitting concentration for ease
of counting. Lead and cadmium 96hr.LC50"'s were determined at a minimum of three
temperatures for each species spanning normal in situ ranges. Experiments were
also run separately by sex where applicable. Cadmium was 2 to 20 times more
toxic than lead depending on species and temperature. While the responses of
males and females differed significantly in a2 few cases, the magnitudes of the
differences were small. Species differences were highly significant with Daphnia
magna generally having the greatest resistance and Diaptomus sicilis the lowest
resistance to the two metals. Daphnia magna may therefore be a poor indicator
of crustacean plankton response to heavy metals. Significant variation in LC30's
was also observed across temperature and indicated that the selection of a
bicassay temperature can have very important effects on the results obtained.

Key words: Ecosystems; toxicity tests; zooplankton; biocassavs; heavy metals;
lead; cadmium

WILSON, J.B. 1980 The effects of temperature on the acute toxicity of lead and
cadmium to Daphnia magna and three naturally-coccurring species of Great Lakes
crustacean zoeplankton. (Can. Tech. Rep. Fish. Aquat. Sci. 975: 73-80.

Jusqu'i maintenant, on a fait trds peu de recherches sur les effets des
toxiques sur les crustacgs zooplanctoniques d'un milieu naturel, représentant
des liens treophiques essentiels dans les écosystémes lacustres. Des cultures en
laboratoire de Daphnia magna ont été 2 la base de plusieurs expériences, mais il
s'aglesalt généralement d'essais bioclogiques statiques, avec cholx arbitraire de
températures ou avec des concentrations d'organismes beaucoup plus grandes que
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dans la nature. La présente &tude, comportant un examen comparatif des effets
aigus du plomb et du cadmium, inclut un représentant de chacun des trois
groupes de crustacés planctoniques des Grands Lacs ainsi gue Daphnia magna.
Les espéces lacustres comprennent Cyclops bicuspidatus thomasi (un copépoede
cyclopoide), Diaptomus sicilis (un copépode calanoide) et Daphnia galeata
mendotae (un cladocgre}. Ces espfces sont toutes abondantes dans les Grands
Lacs. Nous avons utilisé un microdilueur & 10 phases {un ordre de grandeur),
cing tep./concentration, dix animaux/rep. et des cellules assurant % chague
animal prés de 100 ml, tout en permertant une concentration suffisante pour le
comptage. Nous avons déterminé les CL30 aprés 96 h de plomb et de cadmium &
au moing trois températures pour chaque espéce, couvrant les gammes normales
in situ. Autant que possible, nous avons fait des essals séparés par sexe.

Le cadmium est de 2 & 20 fois plus toxique que le plomb, selon 1'espéce et la
température. TLes réactions des mdles et des femelles sont nettement
différentes dans quelques cas, mais 1'ordre de grandeur est petit. Les
différences spécifiques sont hautement significatives, Daphnia magna étant
généralement 1'espéce la plus resistante et Diaptomus sicilis, la moins
résistante aux deux métaux. Il se peut donc que Daphnia magna soit un mauvais
indicateur de la réaction de crustacés planctoniques 3 deg métaux lourds.

Nous avons également observé une variation importante de la CL50 dans la gamme
des températures testées. Le cholx de la température dans les essais
biclogiques peut donc influer beaucoup sur les résultats.

This study was initiated in order to address five common weaknesses
inherent in the literature on the toxicity of heavy metals to crustacean
zooplanktoen., These weaknesses include: little research on naturally-occurring
specieg; a lack of information on temperature effects; a preponderance of
static bicassays; extreme overcrowding in test chambers; and a lack of repli-
cation during experiments. This study therefore utilized: three field species
(Daphnia galeata mendotae, Diaptomus sicilis, Cvclops bicuspidatus thomasi) as
well as Daphnia magna; three different test temperatures for each of the field
species and four different test temperatures for Daphnia magna, with tempera-
tures selected to bracket the in situ range; a ten stage, one order of magni-
tude micro-dilutor with five-wav flow splitters delivering 100 mL of tewicant
to each 1.3L holding tank every 5 minutes; one L plexiglass and 641 mesh experi-
mental chambers providing 100 mL/individual while allowing concentration for
examination of animals; and five replications within each experiment. All
acute toxicity experiments were carried out over a 96 hr period with interim
monitoring, male and female animals were tested separately for Diaptomus and
Cyclops, and two metals, lead as Pb(NO3},; and cadmium as CAd(NOsz);.4H»0 were
used separately for each species at each temperature. Dilution water was
moderately hard (130-140 mg/L as CaC0i} with a pH between 8.0 and 8.2.

Over the temperature tolerance range of any species, it might be expected
that at the extreme limits of temperature tolerance, the LC50 for any toxXicant
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would be very close to zero concentration, and that it might rise to a maximum
value at some temperature between the twoe extremes. To describe such a tem-
perature-toxicity relationship would require at least a second-order polynomial
with an inflection point indicating a mazimum LC530. In fact, in these experi-
ments, one half of all temperature-toxicity relationships showed a significant
variance reduction with a quadratic term fitted by means of orthogonal poly-
nomials. While linear transformations also reduced variation about regression
lines, the transformation of best fit varied between species and metals.
Therefore, in all cases where the variation between temperatures was signifi-
cant, a guadratic polynomial was fitted to the data points, even in those cases
where the quadratic term éid not add significant variance reduction.

Acute temperature-toxicity relationships might also be illustrated by the
use of inciplent lethal levels. This approach would recognize the effects of
temperature on the metabolism of ectothermal organisms. In this study,
however, there were no indications of an incipient lethal level after 96 hrs.
Subgequent 16 day experiments also failed to indicate the presence of an
incipient response. Therefore, 96 hr LC50s were used throughout as the basis
for temperature compatrisons,

Both lead and cadmium toxicity to Daphnia magna showed highly significant
{P<(.001) variation between temperatures, as well as highly significant MSs
{mean sguares) for both linear and quadratic regression. The maximum lead
96 hr LC30 at the inflection point {(16.5°C) was 998 ug/L, while the maximum
cadmium 96 hr LC50 at 10°C was 270 pg/lL (fig.1). The Pb/Cd LC50 ratio varied
from 1.9 (10°C) to 16.4 (20°C).

The toxicity of lead to Cyclops bicuspidatus thomasi revealed no signi-
ficant difference (P>0.053) between male and female responses, but a significant
(P<0.05) variation between temperatures, and a very significant (P<0.01) MS
for linear regressicn. The fitted quadratic regression for females (fig.l)
revealed a maximum lead 96 hr LC50 at 20°C of 1135 ug/L. Cadmium toxicity was
treated separately by sex since there was a significant interaction between
sex and temperature. Female cadmium toxicity showed no significant variation
between temperatures {fig.l) with a 96 hr LC50 averaging 319 ug/lL. Male cad-
mium toxicity, however, showed a very significant variation between tempera-
tures, as well as a significant MS for lipear regression and a very significant
MS for quadratic regression. The maximum cadmium 96 hr LC50 for males at 20°C
was 441 ug/L. The Pb/Cd LC50 ratio varied from 2.4 (10°C) to 3.6 (20°C).

Lead toxicity to Daphnia galeata mendotae showed no significant differ-
ence between temperatures, with an average 96 hr LC50 of 714 ug/L. Cadmium
toxicity, however, showed a highly significant variation between temperatures,
and a very significant MS for both linear and quadratic regression. The fitted
quadratic regression (fig.l) showed a maximum cadmium 96 hr LC50 at 10°C of
74 pug/L. The Pb/Cd LC50 ratio varied from 9.5 (10°C) to 17.4 (20°C).

Lead toxicity to Diaptomus sicilis was treated separately by sex since
there was a highly significant difference between sexes as well as a highly
significant interaction between sex and temperature. Both males and females
of this species showed a significant variation in toxicity between temperatures
as well as a significant MS for linear regression. The fitted gquadratic
regression for males showed a maximum lead 96 hr LC50 at 5°C of 275 ug/L. The
fitted quadratic regression for females showed a maximum lead 9% hy LC30 at
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5°C of 460 ug/L (fig.l), The toxicity of cadmium revelaed no significant
difference between male and female responses. There was, however, a highly
significant variation between temperatures and a highly significant MS for
linear regression. The fitted quadratic regression for females (fig.l) showed
a maximum 96 hr LC50 at 5°C of 86 ug/L. The Ph/Cd LC50 ratio varied from

3.2 (5°C) to 6.5 (10°C).

The fitted curves for the females of all species (fig.l) indicated an
apparent variability in temperature effects on metal toxicities, although all
curves could logically be extended to fit the theoretical second-order poly-
nomial. The two temperatures common to all four species in this study were
10 and 15°C, and the data from these two temperatures were compiled in a three-
wasy ANOVA detailing specles, temperature, and metal effects.

The ANOVA (Table 1) showed that both species and metal differences were
highly gignificant. The presence of very significant interactions, however,
indicated that the temperature-toxicity curves were not in phase, due either to
the different modes of action of the two metals, or to the different tempera-
ture ranges and optima of the different species.

Because there was no significant variation between temperatures in the
ANOVA, the results for the 10 and 15°C LC30s were grouped for each species and
metal (fig.2). The same species order of sensitivity applied to both lead and
cadmium LC50s with Cyclops being the most resistant species and Diaptomus being
the most sensitive species. The relative toxicities for each species, however,
were different for the two metals. There was a slight overlap between the
Diaptomus Pb LC50 and the Cyclops Cd LC50, and the Ph/Cé@ LC50 ratios ranged

from 2.7 for Cyclops to 11.7 for Diaptomus.

Several conclusions can be drawn from this study on the basig of the
comparative results:
(D Daphnia magna is not a particularly useful indicator species,
although the range of results indicated that no single species would be
suitable as a general crustacean zooplankton representative. Daphnia
magna could be classified as neither the most resistant, nor the most
sensitive of the species studied. In fact, the results for magna did not
correlate consistently with those of the cogeneric galeata. As well,
magna appeared to have a somewhat narrow temperature tolerance range when
compared with the field species,
(2) The most sensitive species are probably the cold deep hypolimnetic
species such as the Diaptomus used in this study, or other large glacial
reliect species such as Limnocalanus macrurus, Senecella calanoides, or
Mysis relicta.
{3) The sex of an animal may have an effect on its sensitivity to heavy
metals, but the effect is probably small compared to other environmental
factors.
(&) Pb/Cd toxicity ratiocs are not consistent. A constant ratio between
the toxicities of these two metals might be more closely approximated by
extending the series of experimental temperatures bevond the ip situ
ranges in order to establish LC30 peaks for each species. The definition
of maximum L.C50s might provide a convenient theoretical basis for compar-
isons between both metals and species. The location of toxicity minima
outside ip situ temperature ranges, however, would largely negate the
predictive value of such results,
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(3) Temperature is an extremely important factor affecting toxicity

in crustacean zooplankton, and the selection of a biocassay temperature
(or bicassay temperatures) should be done very carefully. The variety of
temperature-toxicity patterns within the temperature ranges studied
indicates that the temperature tolerance zones of different species vary

widely, both in breadth and in overall shape.
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Figure 1. The relationship between tenperature and the lead and cadmium

acute 96hr. I.CSOs for the females of each of four z:ooplankton

species: Da (I:mf} ; hnia galeata mendotae (Dgmc)
Diaptomus” sici .‘.LS ;Ds } CEO bicuspidatus thomasi ((ﬁ,bt Y.
Each point 1s the avarage of five repllcatmns, and regressz.on

lines represent the best fit of a quadratic polynomial.




4 species (females only), 2 temperatures (10'C,

15'C), 2 metals (Pb, Cd),

5 replications

)

Source LB 5.8. M.S5 FS

Between species 3 1609963 536654 39,48 *kx
Between temperatures 1 3634 3634 0.27 n.s
Between metals 1 4661181 4661181 342.89 **%
Species X Temperature 3 168046 56015 4,12 **
Species X Metal 3 475019 158339 11,65 **%
Temperature X Metal i 123781 123781 9,11 *¥
Species X Temp. X Metal 3 381273 127091 9,35 *%%
Error 64 B70004 13594

Total 79 8292902

Table 1. ANOVA table for species, temperature, and metal effects on acute toxicity.
animals at 10 and 15°C.

Data are for female

6L
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Figure 2. The absolute and relative 96hr IC50s for each of the four
zooplankton species. Each point is the average of ten
replications fram both 10 and 15°C data. The left ordinate
gives the absolute LC50 values while the right ordinates give
the ratio of each species' IC50 relative to that of the most
sensitive species (Piaptomus sicilis for both lead and cadmium).
The nubers in brackets represent the Pb/Cd 1CS0 ratics for
each species.
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LAWRENCE, S5.G. 1980 The effects of acid and cadmium on impounded zoo-
plankton in a Canadian Shield Lake. Can. Tech. Rep. Fish. Agquat.
Sci. 975: 81-90.

The effects on plankton invertebrate populations of added acid and
of cadmium were monitored in seven 1.5 x 10° L impoundments placed over
sediments in a lake being artificially acidified. Two enclosures were
acidified to pH 5 and pH 4 and immediate effects on the zocoplankton com-
munity studied. 1, 3, 10, and 30 ug cadmium/L. were added to each of four
enclosures in 1977 and residual effects of 1-10 ug Cd/L on the zooplankton
community studied in 1978. The system containing 30 ug Cd/L was acidified
to pH 4 in 1978 and effects on the zooplankton monitored.

The biomass of the control impoundment was dominated by Haptomus
minutus. In all but one manipulated system the average total biomass was
lower than in the control, The zooplankton biomass of manipulated systems

were dominated by Tropocyciops prasinus mexicanus, Bosmina longirostris or
rotifers.

Kev words: Toxicity; biomass; Bosmina; Tropocyclops; Diaptomus; Rotifera.
* 3 iy £

LAWRENCE, $.G. 1980 The effects of acid and cadmium on impounded zoc-
plankton in a Canadian Shield TLake. Can. Tech. Rep. Fish. Aquat.
Sci. 975: 81-90.

Neous avons suivi les effets, sur des populaticns d'invertébrés
planctoniques, d'une addition d'acide et de cadmium dans sept enceintes de
1.5 % 10° L placées sur les sédiments d'un lac artificiellement acidifié.
Aprés avoir acidifié deux enceintes & des pH de 5 et de 4, nous avons
grudié les effets immédiats sur la communauté zooplanctonique. A chacune
de quatre enceintes nous avons ajoutd 1, 3, 10 et 30 ug/L de cadmium en 1977
et observé, en 1978, les effets résiduaires de 1-10 ug/L de Cd sur la
communauté zooplanctonique. Le systdme contenant 30 ug/L de Cd fut acidifié
d un pH de 4 en 1978, et nous avons suivi les effets sur le zooplancton.

La biomasse de 1'enceinte témoin est dominge par Diaptomus mirnutus.
Dans tous les systdmes manipulés, sauf un, la biomasse totale est inférieure
i celle du témoin. La biomasse zooplanctonique des systémes manipulés est
dominée par Tropeocyclops prasinus mexicanus, Bosmina longirostris ou des
rotiféres.
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INTRODUCTION

The effects of acid precipitation on soft water, ecligotrophic ecosys-
tmes are known to be multiple rather than simple. According to Schindler
{1979) acid can exchange Iin watershed soils and in lake sediments for wvital
materials such as calcium and potassium and for toxic materials such as
heavy metfals.

Various studies in Scandanavia and North America on acid precipita-
tion (e.g. Almer et al. 1974; Leivestad et al., 1976; Sprules 1975; Roff and
Kawiatowski 1977) have shown that the number of zocplankton species in lakes
with pH below 5.5 is less than in lakes with higher pHE. Yan and Strus
(1980} have shown similar results in heavy metal contaminated lakes of low
pH. Various studies on effects of metals and low pH on various invertebrates
conducted in the laboratory (e.g. Davis and Ozburn 1969; Terhaar et al. 1977
and Marshall 1978) and in enclosures of less than 40 1 in lakes (Marshall and
Meilinger 1978} have provided data about short term effects on various zoo=-
plankton populations and communities and indicated direction for more long
term studies. Marshail and Mellinger (1980) described effects on zooplank-
ton density of single additions of various concentrations of cadmium added
to 1.5 x 10° L impoundments set into the sediments of Lake 223 located near
Kenora, Ontario.

This paper describes the composition and biomass of the zooplankton in
the same impoundments during the next field season, i.e., after the impound-
ments had overwintered im sitwu. Purther, the effects on zooplankton of
reducing the pH of two impoundments to pH 5 and 4 and of reducing the pH
of the impoundment which received the highest concentration of cadmium in
the previous vear to pH 4 are described.

METHODS AND MATERIALS

Seven enclosures, 10 m in diameter and open to the sediment, were placed
in 2 m water in a bay of the lake. During 1977, the hydrogen ion concentra-
tion of two enclosures was lowered by addition of sulfuric acid in one to pH 5
and Inthe other to pH 4. Cadmium (as chloride) was added to four other enclo-
sures in concentrations of 1, 3, 10, or 30 ug Cd/L. By late fall cadmium had
been transferred quantitatively to the sediments in all enclosures {(Schindler
et al., 1978). The pH of the lake was lowered from approximately 6.25 to 6.0
by addition of sulfuric acid and the pH of the control enclesure was allowed
to equilibrate with that of the lake.

During 1978, the impoundments which received acid were again lowered and
maintained at pH 5 and 4, the pH of the enclosure which received 30 ug C4/L
was lowered and maintained at pH 4 and pH of the lake and contrel impoundment
lowered to about 5.75. The enclosutres which received 1, 3, or 10 ug C4/L in
1977 were not manipulated again in 1978, but were monitored for long term
effects of cadmium. These systems are referred to as Cd-1, Cd-3 and Cd-10.

Zooplankton samples were taken every 2-4 weeks from mid-July to early
October from all enclosures using a2 net sampler with 54 U mesh, towed verti-~
cally through the water column from just above the sediment to the surface
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cf the enclosure. The lake epilimnion was sampled with rthe same net. Sam-
ples were preserved in 4% (final concentration) formalin. Zooplankton con-
tained in two 1 mL aliquots were identified to 1ife stage and counted using

a Sedgewick Rafter cell and the values averaged. Biomass as dry weight was
calculated by assigning a geometric form to each species, measuring the major
dimensions and calculating the volume obtaining a wet weight value from volume
by assuming that 1 mm’ weighs 1 mg and estimating dry weight at 7% of wet
welght (K. Patalas, Freshwater Institute, pers. comm.}. Average proportional
biomass figures were calculated by dividing the average biomass of population
or group by the average total biomass for the period in guestion.

The data are presented for various time periods: 17 July - 9 Qctober
for the cadmium series and control; 24 July - 9 Octcber {or 4 September) for
the acid and acid/cadmium series and control because manipulation of these
impoundments began after on 19 July and the pH 4 impoundment was damaged
after September 4.

RESULTS AND DISCUSSION

CONTROL SYSTEM AND LAKE EPILIMNION

Findley and Saesura (1980) showed that inm 1977 all the enclosure systems
were dominated by chrysophytes and small chlorophytes. In 1977 and 1978,
these same trends were pronounced in the epilimmion of L. 223.

The lake epiiimnion was dominatred by the following zooplankton species
over the period examined: the calanoid Digptomus minutus, the cyclopoid cope-
pod Iropocycliops prasinus mexicanus, the cladoceran Bosmina longisrostris and
a group of rotifers of which Keratella taurccephala, Kellicotiia longisping
and Polyarthra vulgaris were prominent members. The copepods Epichura lacus-
tris and Mesocyclops edax, both predators in late phases of their life cycles,
occasionally became dominant; Digphanosoma brachyurum and Daphnia galeata
mendotae were prominent at various times.

In the control enclosure, . minutus, 7. prasinus mex., B. longivostris
and the rotifers X. faurccephala and P, vulgaris contributed significantly
to the biomass over the period examined. D. galeata mendotae, D. brachuurwn
and M. edaxr were found occasionally and sometimes accounted for a significant
proportion of the biomass. £. lacustris did not appear in the sub-samples of
zooplankton taken from the impoundments.

Zooplankton communities in the lake epilimnion and the control impound-
ment were thus somewhat similar. Figure 1, their total biomass, shows that
the curves are similar, but the impoundment appears te lag three weeks in
development. Comparison of proportional average biomass in the lake epilim-
nion and control (Table 1} shows that herbivorous crustacea dominate both sys-
tems over the season. Carnivoerous crustacea are present in somewhat different
proportions in these systems possibly because the carnivore E. lacustris was
not found in the impoundments. The more prominent rotifer population in the
control system may be the result of enclosure. We have found while using
small continucusly flowing enclosures in lakes, rotifer biomass often
rises. Apparently, the high numbers of organisms occurring in the control
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enclogure compared with that in the lake epilimnion in 1977 (Marshall and
Mellinger 1980) were the indirect result of enclosure which stimulated
greater phytopiankton production. The numbers of crustaceans in the control
encleosure in 1978 more closely resembles those in the lake epilimnion (Fig,

2.

Table 1. Average proportional biomass expressed as mg dry weight/m® and as %
of the total biomass in the lake epilimnion and in the control
impoundment. 24 July - 26 September, 1978.

Lake Epilimnion Control Impoundment

dry wt. % dry wt. %
Herbivorous crustacea 24,7 73 18.0 81
Carnivorous crustacea 8.1 26 2.2 10
Rotifers 1.G 3 2.0 9

CADMIUM CONTAINING SYSTEMS

¥igure 3 shows the total zooplankton biomass from 17 July - 9 October
1978 in the control and cadmium containing enclosures. The zooplankton
biomass of all systems containing cadmium fig less than that of the control
system., Table 2 shows the average total zooplankton dry weight and the
average proportional biomass of the important groups over the period of
study. The only plankter which is consistently lower in biomass when com-
pared with the control is D, minutug, although its biomass in the Cd-3 sys-
tem is about two times that in either Cd-1 or Cd~10 systems.

The average proportional biomass of 7. prasinug mewx. and of B. Longiros—
tris rose in the Cd-1 system but fell in the Cd-3 and Cd-10 enclosures. The
rotifer biomass rose dramatically as the apparent cadmium concentration increased
so that in the Cd-3 and Cd-10 systems they accounted for 51 and 68% of the bio-
mass, respectively.

The other members of the community may be adjusting to the apparent
reaction of D, minwtus to cadmium in the Cd-1 system, i.e. 7. prasinus mex.,
B. longirostris, and the rotifers may have responded to the lowered biomass
of D. minuius by successfully competing for space and food. However, the
biomass of Tropocyclops and Bosming decreased in the other two cadmium—con-
taining systems; D. minutus responded by successfully competing in these
impoundments, but at lower levels than in the control. The zooplankton in
the Cd-1 system had a very reduced biomass compared to the control and to
other cadmium containing systems and these changes in biomass may be related
to that fact more than any other.

Marshall and Mellinger (1980) predicted as a result of their work on
these enclosures in 1977 that long term effects of cadmium would probably be
greater than those observed after a few weeks enclosure, These results con-
firm this predictionm.
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Table 2. Proportional biomass expressed as mg dry weight/m® and % of total
biomass of species in control and cadmium treated impoundments.
17 July - 9 October, 1978.

Control Cd-1 Cd-3 Cd-1¢

dry wt. % dry wt. Z dry wt. % dry wt. %

Total crustaceans 20.1 91 3.9 76 5.7 49 2.2

Total rotifers 2.0 G 1.2 24 6.0 51 7.0 68
D, minutus 11.9 54 0.7 14 3.7 32 2.1 2

7. prasinus mewx. 2.7 12 2.1 42 1.6 14 0.9

B. longirostrie 2.7 12 1.0 20 0.4 4 0.2

Other crustaceans 2.9 13 G 0 0.1 1 0.1

K. taurccerphala 0.2 1 0.3 6 1.4 12 1.5

K. cochlearis <G.1 <1 <0.1 <1 1.2 10 1.3

P. vulgaris 0.8 4 0.3 5 1.9 16 1.8 17
G, stylifer 0.2 1 <0.1 <1 0.4 3 0.7

K. longispina 0.2 1 0.3 5 0.1 1 0.1

Other rotifers 0.5 2 0.3 6 1.1 g 1.6

ACIDIFIED SYSTEMS

Figure 4 shows the time course of acidification in the lake and in the
three enclosures being acidified. This process was terminated for the pH 4
impoundment shortly after 4 September when a large hole developed as the
result of a storm.

The zooplankten biomass in systems which were acidified teo pH 5 and pH
4 are presented in Fig. 5. Table 3 shows the average proportional biomass
in each acidified system from 24 July — 9 October. D. minutus nearly dis-
appeared, the biomasses of 7. prastnus mex. and the rotifers rose in pH 5
and fell in pH &, but B. longirostris and the rotifers rose in pH 5 and fell
in pH 4. Appareantly, D. minutus does mot withstand sudded changes in pH
at least in impoundments. According to Carter (1970) this species occurred
in ponds in which the pH was above 6.0. However, Sprules (1975) and Reff
and Kwiatkowski (1977} found that I. minufus was sometimes the only crus-
tacean zoopiankter in Precambrian shield lakes where the pH had dropped to
as low as pH 4.2 over a period of years.

At pH 5 biomass in all the major groups has changed significantly from
the control. ¥, prasinus mezxz. biomass increased at pH 5 because of condi-
tions favorable to its growth or because D. minufus nearly disappeared soon
after these systems were manipulated. Carter (1970) did not find 7. prasinus
mex. below pH 6 and Sprules (1975) notes that 1t did not occur In the La
Cloche lLakes below pH 5 so its success in this situation is probably due to
the lack of competition from . minutus which figures prominently in the

ponds and lakes examined by Carter and Sprules. B, longirostris responded
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Table 3. Proportional biomass expressed as mg dry weight/m® and % of total
biomass of species found in contrel, acid and acid/cadmium treated
impoundments. 24 July - 9 October, 1978,

Control pH 5 pH 4% Cd-30 -~

pH4 Cd-30 - pH 4%

dry wt. % dry wt. % dry wt. % dry wt. % dry wt. %

Total crustaceans 21.6 g1 8.0 59 16.8 93 13.6 82 21.0 81
Total rotifers 2.1 g 5.5 41 1.1 & 3.4 18 4.9 18
. m’iﬁw%us 13.5 57 0.5 [ G.5 3 0.2 i 0.3 i
i prasinus me. 2.4 10 3.9 29 0.9 5 8.8 & L.¢ 4
B. longirestris 3.1 13 3.2 24 15.4 86 14,2 75 19.2 74
Other crustaceans Z.6 i1 2.3 2 0 0 0.4 2 0.5 2
K. taurccephalc 6.2 H 4.6 34 a.7 4 2.7 14 4.1 H

K. sochlearis <0.2 <1 <0.1 <1 <0.2 <1 <0.2 <1 <0.3 <1
P, vulgoris 0.9 4 0.4 3 <0.2 <1 <0.2 <1 <0.3 <1
G, styl?:fer: 0.2 1 <0,1 <1 <0.2 <1 8.2 1 0.3 1
K. longiepina 0.2 1 <0.1 <1 <G.2 <1 <02 <l <0.3 <1
Other rotifers 0.5 2 0.4 3 0.2 1 0.4 2 0.3 i

% 24 July -~ 4 September

well to acid; at pH 4, it was the dominant zooplankter accounting for B6Z of
the biomass. This is in agreement with the work of Carter (1970) who found
B. longirostris in great abundance in acid ponds and with that of Sprules
who found it in high numbers in lake waters as acidic as pH 3.8. K. faurc-
cephala formed 347 of the biomass and 79%Z of the density at pH 5, but only
4.5% of the biomass and 617 of the density at pH 4, in agreement with the
data of Roff and Kwiatkowski who found that this organism formed 67% of the
zooplankton numbers in a lake of pH 4.4,

CADMIUM-ACID INTERACTTION

Figure 6 shows the zooplankten biomass in Contrel, pH 4 and pH 4 - Cd-30
systems from 24 July to 4 September, Table 3 shows mg/m® and proportional
biomass for all systems treated with acid and with acid and cadmium, D.
minutus did not cccur in the pH 4 - Cd-30 system after manipulation was
started. Over the whole period, 7. prasinus mex. maintained its biomass at
about the same proportion as in the control. The biomass of the rotifers
rose in this environment as did that of B. longirostrie, although the pro-
portional biomass was not so high as in pH 4 alone, possibly in response to
somewhat elevated cadmium levels. Between 24 July and 4 September, the average
biomass in this system was the highest of those measured due almost entirely
to the extremely high numbers of large B. longirostris present at one samp-
ling date. Bosmina biomass was lower in systems containing cadmium where pH
was not altered, but this effect was apparently overcome by acid conditions.

SUMMARY

1. D. minutus populations decreased with sudden lowering of pH and in all
concentrations of cadmium.
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2. B. longirostris biomass increased with extreme lowering of pH but
appeared to be sensitive to competition from other zooplankton under
iess acid conditions.

3. 7, prasinus mex. is an opportunistic competitor not sensitive to pH
above 5 or to low concentrations of cadmium, It is apparently sensi-
tive to somewhat higher concentrations of cadmium and to pH 4.

4. Rotifers as a group do not appear to be adversely affected by either
lowered pH or by residual cadmium. They probably respond to increased
or decreased grazing pressure or competition for food. K. taurccephala
is able to compete successfully at pH 5, less well at pH 4.

5. The effects of low concentraticons of cadmium on zooplankton community
structure are long term under these circumstances as predicted by
Marshall and Mellinger (1980).

6. Extrapolation of data obtained from impoundments to the natural situation
should be tentative. Such data can be used as part of a data poocl to
predict effects on aquatic ecosystems, to plan larger scale experimenta-
tion and to lead to more defined experimentation using impounded natural
waters.
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The acute toxicity of transition metal ions teo Daphnia magna is
analyzed in terms of a simple model in which death arises as

k k
2+ 1 2
M(aq) + organism —/——=> M bound to organism —-=» death
k
-1

a consequence of metal ion binding to unspecified sites in the organism., The
form and kinetics of this model are identical to those generated for Michaelis-
Menton enzyme kinetics and a plet analogous to the Lineweaver-Burk plot for
enzvme kinetics can be used to characterize the acute toxicity response in
terms of two constants, a dissociation constant for metal ion/organism complex
formation and the minimum median survival time induced by the metal ion.

Key words: Toxicity; freshwater Crustacea; Cladocera

MACDONALD, C.R., T.R. JACK and J.E. ZAJIC 1980 Metal ion toxicity to
Daphnia magna : A novel approach to data plotting. Can. Tech. Rep. Fish.
Aquat., Sci. 975: 91-107.

Le présent article décrit une analyse de la toxicité aigue d'ions
métalliques de transition chez Daphnia magna, en termes d'un simple modéle
dans leqguel 1a mort se produit comme suit :

S| Ky
M?;q) + organisme =M 1ié i 1'organisme — >  mort,
k
~1

une consgquence de la fixation des ions métalliques sur des sites non spécifiés
dans 1'organisme. Ta forme et la cinétique de ce mod&le sont identiques 2
celles qu'engendre la cinétique enzymatique de Michaelis-Menton. On peut
utiliser un tracé analogue d celui de Lineweaver-Burk pour la cindtique
enzymatique quand il s'agit de caractériser la réaction de toxicité aigue en
termes de deux constantes, une constante de dissociation pour la formation du
complexe ion métallique/organisme et le temps de survie médian minimal

provoqué par 1l'ion métallique.
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Introduction

There i1s some evidence that the toxicity of transition
metal ions can be related to the abiliity of the free ion to
form stable complexes with sensitive sites in the biological
systems. Thus Shaw (196l) noted a strong correlation between

the log of the complex formation constants for Mn2+, Fe2+, C02+,

Ni2+ and an+ with general chelating ligands such as ethylenediamine
and the negative log molar concentration for the LDSO of the same
metal ions for a wide variety of organisms. This correlation

has been further refined by Jones and Vaughn (1978) to incorporate

the effects of hard-soft acid-base theory on the stability of

metal complex formation in biological systems.

Various effective sites of binding have bheen suggested
to explain the toxic action of these metal ions for aguatic

organisms.

2+

nM®" + gill surface g== "M _-gill surface” (1)
2+ [ 11 n

nM + enzyme —— Mn—enzyme {2)

nM2+ + membrane {zﬂk“Mh—membzane" (3)

In eqg. (1), the acute toxicity results from the interference
of metal ions bound to the gill surface with oxygen transfer
{Lloyd 1960). 1In eg. (2), the binding of metal ions to enzymes,
inactivates a vital catalyst (Ochiai 1977; Shaw 1954). 1In eg. (3),
the binding of metal ions to cell membranes results in the entry

of the metal ions into the cell where various necessary functions
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are disturbed (Mount 1966). All of these postulated mechanisms
are similar in that the extent of metal ion toxicity depends on
the ability of the metal ion to form stable complexes with the
various donor atoms likely to be present in a biological site;
oxygen, nitrogen or sulfur. Hence it is not surprising that

Shaw (1961) found that for a wide range of organisms the LQSO for
divalent cationg of the first transition series is inversely
related t0 the order of the stabilities expected for metal ion
complex formation as predicted by simple crystal field theory;
Mn2+<Fe2+<Co2+<Ni2+<Cu2+>Zn2+ (Hanzlik 1976). This correlation
suggests that it is wvalid to establish a model for metal ion
induced acute toxicity without specifying the site of metal
binding or the actual mechanism involved in the toxic action.

In such a model the metals can be simply viewed as binding to the

"organism" even though the response of the organism may indeed

involve metal ion binding sites of various types.

Without specifying the site of metal binding and toxic
action explicitly it is possibkle then to propose the following
general model consistent with Shaw's observations.

kl k2

M?;q) + organism <= M bound to organism——> death (4)

K 1

The form and kinetics of this model are identical to those
described as Michaelis-Menton enzyme kinetics or membrane transport
kinetics and a plot analogous to the Lineweaver-Burk plot can be

used to characterize the metal toxicity in terms of two constants;
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a "dissociation constant”, Ké, for the metal icon and the minimum
median survival time obtainable with that metal ion.

In this paper, we undertake to analyze the acute toxicity

response of an aquatic organism, Daphnia magna, to the metal ions,

2+ 2+ , 2+ 24 2+ . D .
Mo, Co , Ni , Cu and Zn from the first transition series

using this model.

MATERIALS AND METHODS

The procedure used in obtaining the acute toxicity data
employed herein have been outlined in detail elsewhere (Macdonald

et al., to be published). A brief summary will be given here.

A stock culture and a breeding culture of Daphnia magna

were maintained in 2/45 1 aqueous and 80/200 ml sguare sided
jars respectively. The water in both cultures was filtered pond
water collected from a local conservation area which contained

an indigenous population of Daphnia.

All toxicity tests were conducted on neonates {<24 hours old)
which were separated daily from the breeding culture using a
filtering device described by Behie et al. (1977). The dilution
medivm used for all the tests was an "acetate” test medium
congsisting of Ca(OAc}2 (211 mg/1l), K,50, {26 mg/1l), NaOadc (200 mg/1)

and CaCl, (14 mg/l) made up in distilled deionized water. This

2
medium was specifically designed tc minimize the complexation of
the metal ions so that the principal scolution species in each case

ie the free aguated metal icn (Macdonald et al., in press). The

solution chemistry of the test solutions was modelled using the
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computer program REDEQLZ {McDuff and Morel 1%73), made available

to us threough Professor Ann Zimmerman of the University of Toronto,
In all cases, the free aguated metal ion represents more than 553%
of the total metal present in soluticon. All metal ions were

added in the form of sulphate salts.

The tests were conducted in triplicate in 30 ml beakers
with 12 necnates per beaker and the results analyzed on the
basis of both individual beakers and sets of three at each
concentration tested. The toxic response was taken to be death
on the basis of complete internal and external immobility and
was expressed in terms of the medium survival time (MST), the
geometric mean of the survival times of the neonates in each test

population.

RESULTS

The acute toxicity of the selected metal ions to Daphnia
magna in the artificial test medium is summarized in Ficure 1
where the negative log molar concentrations of the metal ions
required for the threshold of toxicity and for the 8-hr LCSO are
plotted against the first transition series of metals. The
shape of the plot in either case resembles that noted by Shaw

(1961} for a variety of organisms.

The median survival time (MST) calculated for each metal
ion is an expression of toxicity which is inversely proportional
to the rate of mortality. Thus a plot of the reciprocal of median

survival time as shown in Figure 2 for nickel(II) is in effect a
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plot of the rate of mortality against the concentration of metal

ion present and takes the form expected for a phenomenon which
follows sgaturation kinetics. As such, this plot is analogous

to that expected for other familiar processes such as the adsorption
of ions into a monclayer on a surface, the kinetics of enzyme
activity or the mediated transport of metal ions across a cell

membrane.

Treating the model eg. (4} in a manner analogous to the
Michaelis-Menton treatment of enzyme kinetics leads to eqg. (5)
which can be rearranged to yield eqg. (6), a linear transformation

of eq. (5).

- - m

where MST, median survival time

MSTm, minimum median survival time

[M2+}, metal concentration
k + k
1 2 )

K. = (
Xy

d

M5T = MST K (*im
m

g [M}) + MSTm (6)

Plotting eg. {(6) as MST agailnst [M]#l, Ficure 3, is analogous
in enzyme kinetics to the Lineweaver—Burk plot and allows the
derivation of two constants; the minimum median survival time

(MSTm) and the constant {Kd).
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The actual plots obtained from the toxicity data for
zinc(ITI) and nickel{II) are given in Figure 4 where the
concentration of metal ion has been taken as the total metal
ion concentration. Computer modelling (REDEQLZ} of the bioassay
solutions (prior to introduction of the test organism) has shown
that the principal solution species for each metal tested was
the free aguated ion and that in all cases the free jon
concentration is linearly proportional to the total metal concentration
over the concentration range tested. Thus the linear form of this plot
is not altered by use of free metal ion concentrations in place
of total metal ion concentrations as is illustrated for copper{II)
in Figure 5. The data obtained for all the metal ions tested are
summarized in Table 1 in terms of the characteristic constants,

Kd and MST,.

Again by analogy with the Michaelis-Menton treatment

for enzyme kinetics, the constant, K. should approximate the

a
dissociation equilibrium constant for the metal/organism complex
in eg. (4) (since k2 will be much gmaller than kl and k-1). Thus a

plot of -log K, against the first transition series metals should

d
correlate with that predicted by crystal field theory for the
stability of metal ion complex formation. Figure 6 shows this
to be the case and compares the negative log of Kd with the log

of the formation constants for the complexation of the same metal

ions with two general chemical ligands, ammine and malonate.
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CONCLUSIONS

The model proposed herein eqg. 4 provides a simple rational
method for characterizing the acute toxicity effects induced
by metal iong in terms of the parameters; Kd’ related to the
ability of the metal icon to form stable coordination complexes
at biological binding sites and MSTm, the minimum median survival
time obtainable with the test metal ion. With these two parameters,
the median survival time at any toxic concentration of the metal
ion can be determined directly through eqg. 6 or through the plot

shown in Figure 3.

In the pregsent case the method has been applied to acute
toxicity data obtained on D. magna but should be generally useful
in a wide range of acute toxicity testing particularly where aguatic
organisms are involved provided that complexing agents are not
a significant factor in the test medium. The model is of course
a gross oversimplification of the actual mechanism of toxicity
and is best applied to short term toxicity tests where subtleties
in the exact nature of the effective binding sites are of minimal
importance. The data employved herein arise from static bioassay
procedures and it would be of interest to extend the application
of the model to acute toxicity data obtained by continuous flow

bicassay techniques using other organisms.
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TABLE 1; Summary of metal ion toxicities in terms of Kd and MSTm
Metal Ion MSTm(hr) Kd
(mg/1)
Copper (II) Total Metal 0.29 0.25
Free Metal 0.27 0.14
Manganese (IT) Total Metal 1.74 833.3
Free Metal e~ 0 10,000
Cobalt(II) Total Metal 5.82 76.92
Free Metal 5.01 76.92
Nickel (II) Total Metal 2.71 52.6
Zinc {(IT) Total Metal 3.39 213
Free Metal 1.95 303

Free metal ion concentrations were obtained by computer

modelling, REDEQL2 (McDuff and Morel 1973).
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Figure 1. The toxicity of metal ions to Daphnia magna.
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General form of the plot for obtaining>the minimum
median survival time (MSTm, hrs.) and the dissociation

constant (Kd) from eqg. 6.
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Kx= K1 NH3

Mn Fe Co Ni Cu»2n2+
METAL ION

Figure 6. A comparison of the negative log of the dissociation
constant (Kd)(e) obtained from toxicity plots as shown
(Figures 4 and 5) with the log of the formation constants

for the corresponding metal ion complexes with the ligands,
NH, (X) (MacKay and MacKay 1972) and malonate (0)
(Angelici 1975).
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INDUCED TOLERANCE TO CADMIUM IN WHITE SUCKERS (Catostomus commersoni Lacépide)
BY EXPOSURE TO SUBLETHAL CONCENTRATIONS OF HEAVY METALS

D.A. Duncanl and J.F. Klaverkamp2

lDepartment of Zoology, University of Manitoba, Winnipeg, Manitoba, R3T 2N2
2Department of Fisheries and Oceans, Freshwater Institute, 501 University Crescepg!
Winnipeg, Manitoba, R3T 2N6

DUNCAN, D.A. and J.F. KLAVERKAMP 1980 Induced tolerance to cadmium in white - |
suckers (Catostomus commersoni Lacépede) by exposure to sublethal concen-
trations of heavy metals. Can. Tech. Rep. Fish. Aquat. Sci. 975: 108-109.

An organism's potential to exhibit increased tolerance to metals could have
very significant consequences in the environment and in using laboratory toxicity
data to establish water quality criteria. Reports of apparently healthy fish
populations existing in contaminated habitats are appearing in the scientific
literature indicating the need for more knowledge of effects due to sub-lethal
contamination,

This investigation determines the ability of white suckers ({. commersont)
to acquire tolerance to cadmium (Cd) when exposed to sub-lethal concentrations of
Cd, zinc (Zn), mercury (Hg), or selenium (Se) before exposure to lethal Cd concen- |
trations. The 96 hour LC50 values of Cd, Zn, Hg and Se for white suckers (exposed
to background metal levels only) in soft water at 12°C are 0.82, 1.66, 0.60 and ‘
28.2 mg/L respectively. Mortality curves (logjp median survival time vs logig
Cd concentration) were obtained from fish exposed for one week to metal concen-
trations (ranging from background levels to 0.89 of their 96 hr LC50), and the
corresponding median survival times (MSTs) were compared.

One week exposure to 3.6 ug Cd/L resulted in decreased MSTs, indicating a
synergistic effect of the exposure. No change in MS8Ts was observed after one
week exposure to 6.5 ug Zn/L or 0.07 ug Hg/L. Similar exposures to 178, 410,
and 730 ug Cd/L, 193 and 890 ug Zn/L, 1.03 and 220 ug Hg/L, or 99.39 and 1935 ug
Se/L resulted in increased MSTs, indicating development of induced tolerance. For
example, 7 days exposure to 410 and 730 pug Cd/L, 890 ug Zn/L, or 220 ug Hg/L re-
sulted in the MST (at 5 mg Cd/L) increasing 34, 50, 33, o4 3767 respectively. The
induced tolerance to Cd resulting from sub-~lethal Cd exposure at concentrations of
178, 410, or 730 ug Cd/L produced a concentration increase of MST values. Clearly
the induction phenomenon is non-specific as cross tolerance was observed. That
is, not only was Cd tolerance induced by previous exposure to Cd, but also by
previous exposure to Zn or Hg and, ot a lesser extent, Se. This acquired tolerance
may result from an increased synthesis, such as in the liver or gills, of a small
molecular weight protein, metallothionein, which is rich in SH groups and has a
metal-detoxification function. Experiments will be conducted to examine the re-
lationship of metallothionein concentration, to increased tolerance to Cd in white
suckers.

Key words: Sublethal; toxicity; cadmium; zinc; mercury; selenium; LC50;
detoxification
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DUNCAN, D.A. and J.F. KLAVERKAMP 1980 1Induced tolerance to cadmium in white
suckers (Catostomus commersoni Lacépéde) by exposure to sublethal concen-
trations of heavy metals. Can. Tech. Rep. Fish. Aquat. Sci. 975: 108-109.

L'aptitude d'un organisme 3 acquérir une plus grande tolérance aux métaux
pourrait avoir de tré&s importantes conséquences dans 1'environnement et dans
1'usage de données de toxicité obtenues en laboratoire pour fixer des critéres
de qualité de 1l'eau. Les publications scientifiques mentionnent 1'existence
de populations de poissons apparemment en bonne santé& dans des habitats
contaminés, signe qu'il nous faut connaitre davantage les effets d'une
contamination sublétale.

La recherche décrite dans le présent article permet de déterminer
1'aptitude des meuniers noirs (C. commersoni) a acquérir une tolérance au
cadmium (Cd) apré&s avoir &té exposés & des concentrations sublétales de Cd,
zine (Zn), mercure (Hg) ou sélénium (Se) avant une exposition & des concentra-
tions létales de Cd. Les valeurs de CL50 aprés 96 h de Cd, Zn, Hg et Se pour
les meuniers noirs (exposés seulement & des niveaux naturels de métaux) dans de
1'eau douce & 12°C sont 0.82, 1.66, 0.60, et 28.2 ug/L respectivement. Nous
avons établi des courbes de mortalité (log décimal du temps de survie médiane
c. le log décimal de la concentration de Cd) 3@ partir de poissons exposés
durant une semaine 3 des concentrations de métaux (variant de concentrations
naturelles a3 0.89 de leur CL50 aprés 96 h), et ensuite comparé les temps de
survie médiane correspondants (MST).

Une exposition d'une semaine 3 3.6 Ug/L de Cd cause une diminution des MST,
signe d'une effet de synergie de 1'exposition. A 6.5 ug/L de Zn ou 0.07 ug/L
de Hg, nous n'observons aucun changement de MST aprés exposition de une semaine.
Des expositions semblables 3 178, 410 et 730 ug/L de Cd, 193 et 890 ug/L de Zn,
1.03 et 220 ug/L de Hg ou 99.39 et 1,935 ug/L de Se causent une augmentation de
MST, indiquant que se développe une tolérance induite. Par exemple, une
exposition de 7 jours d 410 et 730 Ug/L de Cd, 890 pg/L de Zn ou 220 ug/L de Hg
résulte en une augmentation de MST (3 5 ug/L) de 34, 50, 33 ou 376% respective-
ment. Les MST augmentent en fonction de la concentration par suite de la
tolérance provoquée au Cd ré&sultant d'une exposition sublétale a Cd & des
concentrations de 178, 410 ou 730 ug/L de Cd. Le ph&noméne d'induction n'est
pas spécifique, une tolérance réciproque ayant &té observée. C'est-id-dire que
non seulement la tolérance au Cd est provoquée par une exposition préalable au
Cd, mais aussi au Zn, Hg et, 4 un degré moindre, au Se. Cette tolérance
acquise peut résulter d'une synthése accrue, comme dans le foie ou les branch-
ies, d'une protéine de faible poids moléculaire, la métallothioné&ine, riche en
groupes SH et capable de détoxifier les métaux. Nous poursuivrons des
expériences en vue d'étudier la relation entre la concentration de mé&tallothion-
€ine et la tolérance accrue au Cd chez les meuniers noirs.
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ALBERTA OILS SANDS ENVIRONMENTAL RESEARCH PROGRAM (AOSERP)
TOXICOLOGY AND RELATED PROJECTS

A. Avramenko, B.A. Munson, R.T. Seidner
AOSERP, Edmonton, Alberta
AVRAMENKO, A., B.A. MUNSON and R.T. SEIDNER 1980 Alberta oil sands environ-

mental research program (AOSERP) toxicology and related projects. Can.
Tech. Rep. Fish. Aquat. Seci. 975: 110.

The Alberta 0il Sands Environmental Research Program (AOSERP) is currently
completing its fifth year. This program, initiated under a joint Federal-
Provincial agreement, has been operating with the primary function of providing
an adequate information base to environmental managers so they could ensure the
quality of the environment as development of the 0il sands proceed. To date,
environmental research has been primarily directed towards delineating baseline
states. (e.g., a description of habitats and species relationships, and air and
water quality monitoring). Definitions of current industrial impact and pro-~
jections of probable impacts have been conducted. For example, approximately
300 Tonnes of sulphur per day will be expelled to the environment in addition
to quantities of metals present in oil sands - primarily: titanium. In addi-
tion, process water discharges and release of mine depressurization will affect
surface waters.

Key words: Environmental research; impact; sulphur; titanium

AVRAMENKO, A., B.A. MUNSON and R.T. SEIDNER 1980 Alberta oil sands environ-
mental research program (AOSERP) toxicology and related projects. Can.
Tech. Rep. Fish. Aquat. Sci. 975: 110.

Le Programme de recherches sur l'environnement des sables bitumineux de
1'Alberta (AOSKERP) en est actuellement A sa cinquiéme année. Le but principal
de ce programme, entrepris selon un accord fédéral~-provincial, est de fournir
aux gestionnaires de 1'environnement une banque d'information adé&quate qui leur
permettra d'assurer la qualité de 1l'environnement 3 mesure que se développe
1'exploitation des sables bitumineux. Jusqu'id maintenant, la recherche sur
1'environnement a porté surtout sur la définition des conditions de ré&férence
fondamentales (p. ex., une description des habitats et des relations interspéci-
fiques, ainsi que la surveillance de la qualité de 1'air et de 1'eau). On a
défini les répercussions industrielles actuelles et projeté les répercussions
probables pour l'avenir. C'est ainsi par exemple qu'on estime & 300 t de
soufre par jour les quantitds qui seront déversées dans 1'environnement, en
plus des quantités de métaux présents dans les sables bitumineux, principale-
ment le titanium. On prévoit en outre que le rejet des eaux usées et la
lib&ration des produits de d&compression des mines affecteront les eaux de
surface. ’ ’



111

STANDARDIZATION OF AQUATIC BIOASSAYS :
COMPROMISES BETWEEN BIOLOGICAL AND ECONOMICAL CRITERIA

G. Persoone

Laboratory for Biological Research in Aquatic Pollution,
State University of Ghent, J. Plateaustraat 22, B-9000 Ghent, Belgium

PERSOONE, G. 1980 Standardization of aquatic bioassays : Compromises between
biological and economical criteria. Can. Tech. Rep. Fish. Aquat. Sci.
975: 111-122.

A variety of ecotoxicological methods have been worked out and are de-
geribed in the scientific literature to experimentally predict the impact of
chemical substances on aquatic terrestrial biota.

Only during recent years have serious efforts been made at both the nation-
al and international level to select a few bioassays which should be standard-
ized for general applicability.

The choice for a standard bioassay, of the test species as well as of the
criterion to assess the dose-effect relationship is a matter of the compromises
which one is willing to make between the factors ecological representativeness
and sensitivity on one hand, and manageability in the laboratory and cost of
the test on the other hand.

This assertion is demonstrated for the aquatic environment through a
proposal for standardization of a short-term toxicity test with Artemia nauplii;
this bioassay has but a relatively low ecological representativeness and sensi-
tivity, but on the other hand an inherent potential for universal application
as an extremely cheap reference yard-stick test.

Key words: Bioassays; invertebrates; Crustacea; Artemia; intercalibration;
ecotoxicology

PERSOONE, G. 1980 Standardization of aquatic bioassays : Compromises between
biological and economical criteria. Can. Tech. Rep. Fish. Aquat. Sci.
975: 111-122.

La littérature scientifique contient une variété de méthodes &cotoxicologi-
ques permettant de prédire expédrimentalement 1'impact de substances chimiques
sur les biocoenoses aquatiques et terrestres.

Ce n'est que récemment que de sérieux efforts ont été faits, tant au
niveau national qu'international, afin de choisir quelques essais biologiques
pouvant &tre normalisés pour application générale.

Le choix, dans un essai biologique standard, tant des espéces expériment-
ales que du critére servant 3 évaluer la relation dose-effet, est aprés tout
matiére & compromis. On doit considé&rer, d'une part, la représentativité
€cologique et la sensibilité des facteurs et, d'autre part, leur facilité de

manipulation en laboratoire et le cofit de 1'essai.
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Nous illustrons, dans 1l'environnement aquatique, par. un projet de
normalisation d'un test de toxicité & court terme avec des nauplii d'Artemia;
cet essal biologique a une représentativité &cologique et une sensibilité
relativement faibles, mais peut, par contre, s'appliquer universellement comme
essal de réfSrence trés peu dispendieux.
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The endeavours to experimentally predict the impact of chemicals
on biotic systems, has led to the elaboration of ecotoxicological
laboratory tests, the variety and the complexity of which almost
match the variety of groups of species existing in nature and .
the complexitx of biological phenomena at the different levels of

biotic organization.

In their recent attempt to ..."establish which tests should
be used for assessing potential effects of chemicals in the
environment and to advise the Step Sequence Group on the testing
that should be carried out at the different levels of a tiered
system"” (Hueck 1979) the Chemicals Testing Programme Ecotoxicology
Group of the Organization for Economic Cooperation and Development
(OECD) first tried to gather the existing methodological knowledge
on bio-assays by collecting the descriptions of "accepted" tests.

The result is an impressive synopsis containing the formats
of 122 ecotoxicological tests, which according to the authors of

the report "represent only a sample of possible methodologies".

In view of the regulatory measures which are now taken in
some member countries of the O0.E.C.D. and the European Economic
Communities (E.E.C.)to reduce the adverse effects of chemicals
on man and on the ecosystem, the most difficult step still remains,
however, to determine from this synopsis which methods should be
recommended for inclusion in the different levels of testing which
are usually considered for the evaluation of the potential
toxicity of chemicals ; namely the basic,the confirmatory and the

definitive.

" According to Hueck (1979) who supervised the activities of
the specific OECD Working Group mentioned above "the choice of the
test methods actually to be used, should be made on a few rather

self-evident criteria i
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1. representativeness of the test model
sensitivity
manageability in the laboraotry

4., cost of execution.

~

If it is obvious that these four points are indeed the crucial
parameters on which a bio-~assay should be based, one must, -
however, unfortunately notice that these factors "interact

negatively" when it comes to practice!

We shall try to demonstrate hereunder the basic antagonism
between the first two criteria and the latter two, with regard to
the elaboration and the subsequent application of a particular

test procedure.

Representativeness (including ecological function) and
sensitivity constitute the essence of an "in vitro" assay since
the results need to be extrapolated for predictive purposes to
the environment.

Bio-assays must, from this point of view, be as much as possible

a blue print of existing natural situations.

Manageability in the laboratory and cost of execution on
the other hand are economical imperatives which determine the
practical applicability of bio-assays at different scales.

We have tried to visualize in a chart (Fig. 1) the inter-—
relations and the interdependence of the factors mentioned above

in the development of a particular test procedure (or the acceptance

of an existing one).

This chart illustrates the antagonism between :

1) the cost factor (the economical choice) represented by the
equipment needed, the duration of the test, the degree of
expertise of the personnel and last but not least the
recruitment of the test organisms needed and/or the maintenance
of the stock ;
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2) the biological imperatives representativeness and sensitivity

(biological choice).

Looking into the history of ecotoxicological tests it appears
that the first "bio-assays" were short-term tests carried out
with the animals "at hand" and only considered the most simple

criterion, namely the life-death dose-response relationship.

It was very soon objected that for predictive purposes the
ecological representativeness of the test—-species which were
used was not considered satisfactory in many cases ; the tests
had to be carried out with more"typical" organisms representative

for the different categories of the trophic chain.

This of course, led to increased biological and technological
difficulties in recruiting appropriate test-species and maintaining
a stock in the laboratory, and as a consequence, to a sensible rise of

the costs of the bio-assay.

At the same time the short-term life-death criterion was
rejected because it immediately expresses the "maximum" biological

damage which can be done to an organism.

More sensitive criteria were thus proposed and long-term
experiments were worked out leading to a steadily increasing
complexity of the test procedures and to an almost exponential

increase of the costs.

When we consider the scientific literature on ecotoxicolo-
gical testing todate we have the choice among a wealth of methods
ranging from the most simple, short-term life-death test on species
which can be cultured or recruited very easily, to the most
sophisticated long-term microcosm bio-assay or multispecies
accumulation test which can only be carried out in a few

specialized centers in the world.
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The basic principles outlined in our scheme are applicable
for all these bio-assays : each increase in ecological represen-
tativeness and sensitivity automatically results in increased

costs of the test (by virtue of more sophisticated equipment,

a longer duration of the experiment, a need for more qualified
personnel and last but not least more expenses for the recruitment‘

of the test-species o¢r their long-term maintenance in the laboratOry

It is to be hoped that at any advisory or decision making ,
level, this intrinsic relationship “represehtativeness—sensitivity"é
versus "costs" will be clearly understood and taken into consi- :
deration in the final choice of particular ecotoxicological tests,

not at least for the practical implementation at a broad level.

I this regard it looks quite obvious that the tests selected
for the basic (range finding) levels should be much simpler and
practical, which means cheaper, but as a result less representative
and sensitive, than those withheld for the confirmatory and

definitive levels.

Although not expressed in terms of economical repercussions
the sequence of
1) simple short-term tests at the basic level,on a few functionally
important types of test-species ;
2) bio-assays "of a more complicated naﬁure" at the confirmatory
level ;
3) tests at the definitive level with "multi-species systems”

is the approach advised by the OECD working group in its "Report on

the assessment of potential environmental effects of chemicals",

It is the opinion of this author that at whatever level of
testing, it will nevertheless always remain necessary to make
compromises between biological imperatives and economical possibi-
lities not the least when the factor standardization is taken

into account.
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Todate indeed contrary to human toxicology where tests are
standardized to a very high degree through the use of rats and
mice as universally accepted test-species, very little has been
accomplished in the standardization of aguatic ecotoxicclogical

tests.

The basic and cbvicus reason is the complexity of aguatic
ecosystems and the difficulty of selecting even a few candidate
species which are available or can be made available (and kept

in culture) worldwide.

We shall not reopen here the discussion on this topic which
has been the subject of countless hours of debate between bio~-

assay experts all over the world during the last vears.

Regardless of all that has been said, it is nonetheless
obvious that the use at the world-level of one and the same
simple standardized aguatic bio-assay with the same species

would be very welcome as a common "vardstick".

As we defined earlier, simplicity and practicality auto-
matically mean low cost but also lower representativeness and

sensitivity of the bio-assays.

Based on these premises there is, in the present state of
our knowledge, one aguatic invertebrate which fulfills the
prerequisites for a universal applicability of a simple and very

inexpensive ecotoxicological test, namely the brine shrimp Artemia.

The unique advantage of this species ig that it produces
cysts, which are very small (0.3 mm), and which can be dried and

stored for years without losing their hatchability.

Secondly the larvae can be hatched ocut very easily from

the cysts, within 24 hours.
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This means that biocassays can be started wherever and

whenever recuired from biclogical material stored "on the shelf",

One of the most burdensome factors {(from the biological,
technological as well as the ecoromical point of view) of any
type of ecotoxicological test proposed so far:namely}the re-
cruitment and the maintenance of the stock, ié completely elimi-

nated in the case of utilization of Artemia.

One could object here that Artemia is certainly not the
only aguatic invertebrate known to produce cysts. There are
indeed several groups of animals - protozoa, rotifers, cladocerans,
... to guote only a few -~ which are known to reproduce by
cryptobiotic eggs or cysts when the envirconmental conditions become

unfavourable.

When it comes, however, to commercial availability of the
cysts, for application of the bio-assay at the world level, it

appears that conly brine shrimp cysts can be found on the market,

The reason for this is that Artemia cysts are used extensively
in commercial aquaculture, because the nauplii can be hatched out
very easily and constitute an excellent live food for larval fishes
and crustaceans. The economic value of brine shrimp is now so
well established that tons of cysts are harvested yearly from the
saline biotopes where this particular animal thrives, for processing

and sale to aquaculture hatcheries and aquarium hobbyists.

Since the guantity of cysts needed for one bicassay is
extremely low (in comparison to those needed for aguaculture
purposes) the costs of the biological material only make up a
few cents, a price which will be hard to beat with whatever

other species...!

Biocassays with Artemia have been proposed for many years by

different authors.
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We have endeavoured, at the Artemia Reference Center at the
State University of Ghent in Belgium, to work out a standard
procedure, based on the pros and the cons of the Artemia tests described

in the literature,and completed by cur own findings.

The results have besn published in two papers: "Research on
the development of a shoy: term standard toxicity test with
Artemia nauplii" (Vanhaechka et al. 1980a) and "Proposal for a
short term standard toxicity test with Artemia larvae" (Vanhaecke

et al. 1980b).

buring the course of development of this particular test we
endeavouredto standardize all parameters toc a maximum, keeping
constantly in mind, however, that the test procedure should be
made as simple as possible, in order to be useful and practical

even for laboratories with modest eqguipment and personnel.

To check the reproducibility of the dose-effect relation-
ship and the conformity with the experimental procedure we
decided to organize an intercalibraticon exercise among interested

laboratories.

After a call for participation to which more than 100
answers were received, the exercise is now in progress in
North—-America under the joint supervision by the Artemia Reference
Center at the State University of Ghent in Belgium and the

Toxicology Section of the Freshwater Institute in Winnipeg, Canada.

A similar exercise will be started shortly in EBurope,
sponscred by the Commission of the European Economic Communities,

and supervised by the Artemia Reference Center.

We would like to underliine very strongly here that this test
does not aim at replacing any other ecctoxicological test at

whatever level.



120

The Artemia test on the contrary basically aims at providing
a very simple and handy tool for the brcad assessment of toxicity

of chemicals, a first universal yard stick at the pre-basic level.

The sensitivity of the Artemia bio-assay, at least with the
criterion life~death is not wvery high, {(thouch it is not much
inferior to that of short-term Daphnia test .) ; the reproducibility
equals at least that of the range~finding tests with other species.

As far as the ecclogical representativeness is concerned it
is clear that Artemia, like any other existing species, 1is by

definition but a poor candidate for particular “"local" situations.

In this regard we refer once again to our scheme to remind
that the choices which we made in devisging this test all started
from econcomical considerations (to work out one of the most handy
and certainly the cheapest standard biocassay procedure ever proposed);
this choice of course had to pay its toll to ecological representa-

tiveness and sensitivity.

The possibilities and limitations of the Artemia test can
be summarized as follows : due to its eurvhaline character and a
salinity tolerance ranging from brakish water (10 °/,.) to hyper-
saline water (280 °/..), Artemia is an excellent test-species for

effluent bio-assays in brackish and coastal waters.

On the other hand, Artemia is not suited basically for fresh-
water effluent testing since brine shrimp do not thrive in

freshwater biota.

As said earlier, this test is most convenient and can be
used very easily as a universally applicable common yard-stick

for the first rough assessment of the toxicity of new chemicals.

To ceonclude it is clear that despite the wealth of information

available we still have a very long way to go in the development
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of the predictive tools for the "in vitro" assessment of the damage
which our advanced chemical and industrial technology can

bring to the natural environment.

In this regard more attention should be paid to the
relationship between "bicological”and"economical factors”
since it is this relation which will determine in first instance
the applicability of the bio-assays and thus their practical

implementation at the national and international level.
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INTERACTIONS OF PESTICIDES AND SOLVENTS IN MICROBIAIL SENSITIVITY TESTS
R.E. Burrell, G.W. Stratton and C.T. Cocrke

Department of Environmental Biclogy, University of GQuelph,
Guelph, Ontario, NIG 2WL

BURRELL, R.E., G.W. STRATTON and C.T. CORKE 1980 Interactions of
pesticides and solvents in microbial sensitivity tests. <Can. Tech. Rep.
Fish. Aquat. Sci. 975: 123-130.

In this study solvent-pesticide interactions were determined for two
fungicides, benomyl and captan, and an insecticide, permethrin, with the
solvent acetone. The solvent-fungicide interactions resulted in synergistic
and antagonistic effects for each fungicide, respectively, when the test
organism was the aquatic fungus Pythium ultimum. The solvent insecticide-
interaction was additive when tested on the cyanobacterium Anabaena
inaequalis.

Tt was concluded that solvent-pesticide interactions must be determined
to obtain a true evaluation of toxicity.

Key words: Acetone; toxicity; interactions

BURRELL, R.E., G.W. STRATTON and C.T. CORKE 1980 Interactions of
pesticides and solvents in microbial sensitivity tests. Can. Tech. Rep.
Fish. Aquat. Seci. 975: 123-130.

L'étude décrite ci-dessous a servi & détermiper les interactions solvant-
pesticide de deux fongicides, b&nomyl et captan, et d'un insecticide, perme-
thrine, avec 1'acétone comme solvant. Les interactions solvant-fongicide ont
des effets synergiques et antagonistes avec chaque fongicide respectivement,
quand 1'organisme exp@rimental est le champignon aquatique Pythium ultimum.
L'interaction solvant-insecticide est cumulative quand elle est testée sur la
cyanobactérie Anabaena inaequalis.

Nous concluons que, pour obtenir une &valuation réelle de la toxicité, il
faut d'abord déterminer les interactions solvant-pesticide.
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INTRODUCTION

Manten et al. (1930) reported that 2% {v/v) acetone (Z-propanone) had
no perceptible effect on the growth of various fungi tested. To the present,
no one has questioned this observation. This has led to the general use
of acetone in microbial assays when water-insoluble compounds are added to
growth media. This solvent is usually incorporated into the medium to give
a final concentration of 1% (Edgington et al. 1971).

Recently it has been shown that 1% acetone severely affects viral
replication (Ghendon and Samoilova 1968; Chernos et al. 1972) and the ultra-
structure of algal cells (Parasher et al. 1978). We have shown with soil
fungi that a 1% concentration of acetone (v/v) can cause an inhibition of
radial growth in excess of 60%, depending upon the species (unpublished
results),

Theoretically, acetone can interact synergistically, antagonistically
or additively with a pesticide in 2 microbial sensitivity assay. The inter-
action found will be dependent upon the concentration of acetone, the
pesticide and the test organism.

In this paper interactions of the solvent acetone with the fungicides
benomyl (methyl 1-(butyicarbamovl)-2-benzimidazolecarbamate) and captan
(N-(trichloromethyl) thio-4-cyclohexene~1,2-dicarboximide) on the aquatic
fungus Pythium ultimum, were examined. The solvent interactions with the
ingecticide permethrin (3-phenoxybenzyl-3-{(2,2-dichlorovinyl)-2,2-dimethyl
cvclopropane carboxylate) on the cvanchacterium Anabaena inaequalis, were
also studied. A rapid screening procedure to ascertain the type of response
due to solvent-pesticide combinations is outlined together with necessary
methodology to minimize these interactions.

MATERIALS AND METHODS

CULTURES

A culture of Pythium ultimum was supplied by the Department of
Environmental Biology, University of Guelph, and maintained on potato
dextrose agar (Difco). The culture of Anabaena inaequalis is fully
described elsewhere (Stratton and Corke 1979).

FUNGAL ASSAY

Acetone was added to 100 mL volumes of potato dextrose agar (PDA) to
give concentrations of 0 {(control), 0.1, 0.2, 0.3, 0.4, 0.6, 0.8, 1.0 and
1.5 percent (v/v). These were shaken for two minutes on a rotary shaker
and referred to as solvent controls. Two additional series consisting of
acetone {as above)} plus one concentration of selected fungicide were pre-
pared. The fungicides and concentrations used were bemomyl, 50 ppm (ug/mL),
and captan, 1 ppm. The agar was dispensed as 10 mlL aliquots into Petri
plates, allowed to solidify and then inoculated with an 8 mm mycelial disc,
taken from the outer edge of a six day old culture, of the aquatic fungus
P. ultimum. The plgtes were placed in plastic boxes (27 cm x 19 cm x 10 cm)
and incubated at 30 € in the dark. After 30 hours of incubation the dia-
meters of all treatments and controls were measured. The effect of acetone
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on P. ultimum was determined by comparing the radial growth on acetone-
treated agar to that on untreated agar. The solvent plus fungicide effect
was similarly determined. A net fungicide effect was determined by compar—
ing the radial growth on the solvent plus fungicide treated agar to the
growth on the corresponding solvent controls. All determinations were then
plotted as percent inhibition versus the logarithm of solvent concentration.

ALGAL ASBAY

The test criterion in the algal assay was nitrogenase activity as
determined by the acetylene reduction technique {(Hardy et al. 1973)}. Ten
mL volumes, of a 7 day algal culture of A. inaequalis (1.2 x 107 cells),
were transferred to tissue culture flasks which had an internal volume of
74 ml and a surface area of 25 cm? {Stratton and Corke 1979). Acetone was
added to one series of flasks to give the following solvent concentrations;
0 (control), 0.1, 0.2, G.4, 0.6, 0.8, and 1.0 percent {(v/v). A second
series was made with acetone (as above) and 100 ppm permethrin. The flasks
were sealed with serum stoppers and a 10%Z volume of air was removed and
replaced with acetylene. Ethylene production was measured after 5 hours of
incubation and assayed by gas chromatography (Stratten and Corke 1979).
Ethylene peaks were identified by retention time and quantitated by compar-
ing peak heights to a standard curve.

STATISTICS

Significant differences between controls and treatments were deter—
mined using Dunnett's t-test, as outlined by Winer (1971).

RESULTS AND DISCUSSION

If, as Manten et al. {1950) have suggested, there is no effect from
acetone, or if the effect is strictly additive, then the measured toxicity
of a pesticide will not change through the spectrum of solvent concentrations
emploved. However, if there is an increase or decrease in the toxicity with
the combination, then a synergism or antagonism has occurred. Theoretically,
those responses which can be obtained are summarized in Figure 1.

When acetone was used at concentrations greater than 0.4% (v/v) with
the fungicide benomyl and the fungus P. ultimum a synergistic response was
noted (Fig. 2). This synergistic response occurred at solvent levels far
below those used in standard fungicide assays by other researchers (Edging-
ton et al. 1971). At L0Z acetone (v/v) the net fungicide effect was a 58%
inhibition. This effect was 407 higher than the calculated toxicity at
solvent concentrations less than 0.4% (v/v). This type of interaction can
lead to erroneous estimations of toxicity when standard assay methods are
used.

This same solvent, when used with the same organism (E, ultimum), and
the fungicide captan caused an antagonistic response (¥ig. 3). The response
was additive from 0.1 to 0.8% acetone (v/v) but at higher concentrations the
combination was significantly antagonistic. The net fungicide effect at
1.0% acetone was a 4.57 inhibition while at concentrations below 0.8% the
inhibition observed was 32%. This 27.5% difference was indicative of
antagonism. This was further substantiated by the observation that growth
on the experimentals treated with 1.5% acetone and 1 ppm captan was greater
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than that on the solvent controls. Such interactions can lead to extreme
underestimations of fungicide toxicities and the rejectlon of potentially
good compounds from screening trials.

Over the spectrum of solvent concentrations used with A. inaequalis,
the calculated toxicity of 100 ppm permethrin did not change significantly
(Fig. 4) denoting an additive response. Therefore, the response obtained at
any of the acetone concentrations used would be an accurate indication of
permethrin's inherent toxicity.

When the response is additive the effect of the solvent can be corrected
with an appropriate solvent control. If the response is antagonistic or
synergistic then a correction is difficult, if not impossible. It is for
this reason that interactions must be determined for each solvent-pesticide
combination used with each test organism. A simplified screening procedure
and the methodology needed to determine and minimize these interactions is
given in Figure 5.

SUMMARY

Solvent-pesticide interactions are varied and unpredictable, and this
makes the determination of interactions occurring in each test system
important. Once the interactions have been assessed, a solvent concentra-
tion can be selected which will minimize undesirable effects. Such testing
should prevent the rejection of good compounds, which appear poor, due to
antagonism. It will also prevent the field testing of compounds that are
in fact poor toxicants unless they are synergized with a solvent.
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In this case SP = NP + ( 160

If both sides of equation are equal, then the effect is additive.

0er



131
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STRATTON, G.W., A.L. HUBER and C.T. CORKE 1980 'The effect of pesticides and
their metabolites, alone and in combination, on algal processes. Can.
Tech. Rep. Fish. Aquat. Seci. 975: 131i-139.

The effects of the insecticide permethrin, and the herbicides atrazine
and diuron, on the blue-green alga Anabaena insequalis are considered. Decom-
position of permethrin results in the formation of metabolites which are from
3-50 times more toxic than permethrin towards photosynthesis and acetylene
reduction. Permethrin is more toxic than its metabolites to algal growth.
Both synergism and antagonism were observed against algal growth when permeth-
rin was combined with some of ite metabolites. Diuron and atrazine are 2-20
and 5-100 times more toxic, respectively, than their metabolites towards
growth, photosynthesis, and acetylene reduction.

Key words: Permethrin; atrazine; diuron; pyrethroid

STRATTON, G.W., A.L. HUBER and C.T. CORKE 1980 The effect of pesticides and
thelr metabolites, alone and in combination, on algal processes. Can.
Tech. Rep. Fish. Aguat. Sci. 975: 131-139.

Nous examinons les effets, sur 1l'algue bleu-vert Anabaena inaequalis, de
1'insecticide permethrine et des herbicides atrazine et diuron. En se décompo-
sant, la permethrine forme des métabolites de 3 & 50 fois plux toxiques que la
permethrine elle-méme quant 3 la photosynthdse et 4 la réduction de 1l'ac@tyléne.
La permethrine est plus toxique que ses métaholites vis-d-vis de la croissance
algale. Nous avons observé 3 la fois du synergisme et de 1'antagonisme dans
la croissance des algues quand la permethrine est combinée avec certains de
ses métabolites. Le diurom et 1'atrazine sont de 2 34 20 et 5 & 100 fois plus
toxigue, respectivement, gque leurs métabolites quant 3 la croissance, la

photosynthése et la réduction de 1'acétvléne.
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INTRODUCTION

As the useage of pesticides increases, so does the concern over the
effects of these compounds on non-target processes. Algae are an important
group of non-target organisms as the hydrosphere is the ultimate reservoir
for many envirommental toxicants (Liviangston 19%77). Algae form part of the
primary producer trophic level in aquatic ecosystems and, in the case of
blue-green algae, may also play a significant role in the anitrogen cycle.

Research regarding the effects of pesticides on algae has been exten-
sively reviewed by Butler (1977). Most data concern the toxicity of parent
compounds and available data on the interaction of pesticide metabolites
with algae deal mostly with DDT and the metabolite DDE, which are similar
in toxicity to marine and freshwater alpgae (Bowes and Gee 1971; Mosser et
al. 1974; Powers et al. 1979). Propanil 1s more toxic to blue-green algae
than the metabolitre 3,4-dichlorvecaniline (Wright et sl. 1977), while the
degradative products of aldrin, dieldrin, and endrin are similar in texicity
to the parent compounds {(Batterton et al. 1971}.

A pesticide and its degradation products can be present in any given
ecesystem at the same time, therefore the toxicity of combinations of these
compounds should be evaluated, since synergistic and antagonistic inter-
actions may cccur. DDT and DDE, at concentrations of 0.5 ppm, have little
effect on algal growth when used alone or in comblnation {Mosser et al.
1974). TInformation on other compounds are absent.

This communication considers the toxicity of the pyrethroid insecticide
permethrin, the symmetrical triazine herbicide atrazine, and the substituted
urea herbicide diuron, and some of their metabolites, on photosynthesis,
nitrogen fixation and growth of the blue-green alga Anazbaena ingequalis. As
well, the toxicity of combinaticns of permethrin and its metabolites are
evaluated.

MATERIALS AND METHODS

CULTURE

Anabaena inaequalis dis fully described elsewhere (Stratton and Corke
1979) and was maintained in a liguid, nitrogen-free medium (Stratton and
Corke 1979). All experimental svstems were Ilncubated at a temperature of
229C and a light intensity of 7000 lux.

TEST CHEMICALS

The chemicals used in this study are described in Table 1. Diurcen and
its metabolites were added to all experimental flasks as aqueous solutions,
while permethrin, atrazine, and their metabolites were added as acetone
solutionsg, which were 0.1% acetone (v/v) for growth studies and 1.0% for photo=-
synthesis and acetylene reduction experiments. Acetone controls were included
in all appropriaste experiments.

GROWTH
Algal growth was assessed by following the change in absorbance at 600 nm,

with time, on a Bausch and Lomb Spectronic 20 spectrophotometer (Stratton and
Corke 1879). Sidearm flasks of 500 mlL capacity, containing 95 mL of medium,
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and 1 mlL of test compound(s), were incculated with 5 nL of a 7 day alg314
culture to yield an initial cell concentration of appreoximately 6.5 x 10
cells per mL. For interaction studies, the compounds were added in the

crder in which they appear in the degradation pathway (refer to Table 1).

PEOTOSYNTHESLS

Photosynthesis was studied by following the uptake of laCO from NaH14C03
{Stratton and Corke 1%79). Tissue culture flasks (74 mlL internil wvolume)
were used in replicates of 5 for the permethrin and atyazine series of com-
pounds. FEach contained 9.8 wlL of cells, 0.1 wL of radicisotope and 0.1 =l
of test compound(s)} ro give an initial concentration of about 6.5 x 10% cells
and 0.1 uCi of radicactivity per mbL. Test tubes were used in replicates of 5
for the diurcon series of compounds and each contained 5 ml of cells, an equal
volume of test sclution, and 0.1 mL of radioisotope, to give an initial concen-
tration of approximately 1 x 10% cells and 0.2 HCL of activity per mL. The
cells were incubated for 2 h and harvested by filtratdion through 0.45 um
membrane filters. The amount of radicactivity incorporated into the cells was
determined using a liquid scintillation counter (Stratton and Corke 1979}.
Counts were corrected for counting efficiency and those obtained for dark-
incubated cells were subtracted from values obtained for corresponding light-
incubated systems. Percent inhibition was plotted against the logarithm of
test compound concentration and ECSO values determined.

NITROGEN FIXATION

Nitrogenase activity was assayed using the acetylene reduction technique.
Tissue culture flasks were used in replicates of 5 for the permethrin and
atrazine series of test compounds. Each contained 9.9 mi of cells and 0.1 mLé
of the test compound, to give an initial cell concentration of about 6.5 x 10
cells per mL. Glass serum vials (73 mL total volume) were usad for experiments
involving the diuron series of chemicals and contained 5 ml of cells and an
equal volume of test solution to give an initial concentration of approximately
1 x 106 cells per mL. After the addition of s 10X aimeosphere of acetylene, the
cells were incubated for 5 h and the ethvlene produced was assaved by gas
chromatography (Stratton and Corke 1979). Data were expressed as nmoles
ethylene produced per 10° cells and percent inhibition was plotted against the

logarithm of test chemical concentration and ECSG values determined.

STATISTICS

Throughout this commupication the term gignificance refers to conclusions
made following a Dummett's test for comparison of means at o = (.05 (Winer
1971).

RESULTS AND DISCUSSION

Data on the effect of diuron and its metabolites on Anabaena inaequalis

are outlined in Table 2. The ECSO of diuron towards growth, photosynthesis
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and acetylene reduction was 0.02, 0.04, and 1.5 ppm (pg/mL), respectively.
These data are similar to those recorded for other algae. The ECsg of
divron for the growth and photosynthesis of various green algae varies from
0.01-0.17 ppm (Walsh 1972; Virmani et al. 1973). Growth of the blue-green
alga Anabaena variabilis is significantly inhibited by 0.01 ppm diuron
(Coulding et al. 1978) while photosynthesis by Anabaena is completely
inhibited at concentrations ranging from 2Z.3-7.0 ppm (Stewart and Fearson
19703},

Muron follows a linear degradation pathway (Dalton ef al. 1966) as
follows: Diuwron ——> DCMMU ~~————> DO ——> 3,4 BDCA. For all three
assay criterila, the metabeolites of diuron were significantly less toxic than
the parent compound. The difference in toxicity ranged from 2-20 times,
depending on the particular compound involved. The one exception was DCMMU
which did not differ significantly from diuron in its toxicity towards growth
and photosynthesis. The order of toxicity for photosynthesis and acetylene
reduction was diurcn > DCMMU > DCU > 3,4 DCA. For growth, the order of DCU
and 3,4 DCA in the toxicity series was reversed. Diuron degradation is an
example of envirommental pesticide detoxication or inactivation where the
metabolites show reduced toxicity towards the test organism.

The effects of atrazine and its metabolites are presented in Table 3.
The ECsy of atrazine towards growth yield, growth rate, photosynthesis, and
acetylene reduction was 0.03, 0.10, 0.28 and 35 ppm, respectively. The ECgg
for the growth of green algae vanges from 0.06-0.16 ppm atrazine (Walsh 1972).
Concentrations of 1.0 ppm cause almeost complete growth inhibition in Chlorellas
and Scenedesmus (Gramlich and Frans 1964; Virmani et al. 1975). However,
levels of 2-20 ppm are needed for the inhibition of photosynthesis in both
green and blue-green algae (Rohwer and Fluckiger 1979). Greater than 90 ppm
is needed for complete inhibition of acetylene reduction in iichens (Kallio
and Wilkinson 1977), while the ECsg for this process in Anabaena cylindrica
is eonly G.22 ppm (Rohwer and Fluckilger 1979).

Atrazine follows a branched degradation pathway {(Kaufman and Kearney
1970) as follows:

> De-ethylated atrazine
Hydroxy < Atrazine —— Digmino
atrazine —>atrazine
> De-igopropylated atrazine

Atrazine was significantly more toxic than any of its metabolites for all
assay criteria. The difference in toxicity ranged from 5-100 times, depending
upor the metabolire invelved. This is another example of pesticide detoxic-
ation, or imactivation. The toxicity series was atrazine > de-ethylated
atrazine > de-isopropylated atrazine » diamino atrazine and hydroxy atrazine.
Although de-ethylated and de-isopropylated atrazine share the same place in
the degradation pathway, the former was always more toxic than the latrer.
The presence of the isopropyl group apparently contributes to phyto-toxicity.
The effects of permethrin and some of its metabelites are cutlined in
Table 4., The ECyp of permethrin towards growth yield, growth rate, photo-
synthesis and acetylene reduction was 1.6, 3.0, >100 and >100 ppm, respectively.
No other data have been published on the effects of permethrin towards algae.
The metabolites of permethrin studied form a ilinear degradation pathway
(Holmstead et al, 1978) as follows: Permethrin > PBAlc > PBAld ———>
PBAc. For growth, permethrin and PBAlc did not differ significantly in their
toxicity. For this assay criterion the metabolites PBAld and PBAc were sig-
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nificantly less toxic than the parent compound. However, for photosynthesis
and acetylene reduction the metabolites were 3-50 times more toxic than per-
methrin. The toxicity series was PBALd > PBAc » PBAlc > permethrin. This is
an exampie of the envirommental activation cof pesticides.

Permethrin and the three phenoxy-based metabolites were interacted and
these combinations assayed for their toxicity Ttowards algal growth. Datsa
were analyzed for synergism and antagonism using the Gowing equation (Gowing
1960). All combinations containing thrse or four compounds induced syner—
gistic interactions. Results for combinatioms of two chemicals are presented
in Table 5. All combinations containing PBAc gave an antagonistic response,
while all othevs induced synergism. The levels of PBAc used in these studies
were too low to cause a pH change and more detailed studies are reguired to
evaluate the mechanisms involved in these interactions., However, the fact
that pesticide metabolites can interact to induce synergistic and antagonistic
responses is of great envirommental significance, especially when we have
examples of envirommental pesticide activation.

Based upon the data presented here, future studies on the environmental
toxicity of pesticides should be concerned with the toxiclity of known met-
abolites and the effects of combinations of these metabolites with parent com=-
pounds. Researchers should also be concerned with the effects of combinations
of various unrelated pesticides and/or thelr metabolites.
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Table 1. A description of the compounds used in this study.
Chemical Name Designation Conversion
Factor
Diuron Series

3-(3,4-dichlorophenyl)-1,1l~dimethyl urea Diuron” 4.3
3=(3,4~dichlorophenyl}-l-methyl urea DCMMU 4.6
3,4-dichlorophenylurea bcu 4.9
3,4-dichlorcaniline 3,4 DCA 6.2

2—-chloro-4-ethylamino-6-isopropylamino-

Atrazine Series

s~triazine Atrazineb 4.6
Z=chloro=4=-amino-6-igopropylamino-g— b

triazine De~ethylated Atr 5.3
2-chloro—~4-ethylamino~6-amino~s—~triazine De~igopropylated Atr 5.8
2-chleoro~-4,6~diamino~s-triazine Diamino Atr 6.9
Z-hydroxy-4-ethylamino-6~isopropylamine- b

s—-triazine Hydroxy Atr 5.1

Permethrin Series

3~phenoxybenzyl-3~(2,2~dichlorovinyl)- c

2,2-dimethyl cyclopropane carboxylate Permethﬁin 2.6
3-phenoxybenzyl alcohol PRAlc 5.0
3-phenoxybenzaldehyde pBA1dd 5.1
3-phenoxybenzoic acid PBAcH 4.7

obtained from E.I. Dupont de Nemours & Co., Wilmington, Delaware, U.S5.A,
obtained from Ciba-Geigy Canada Ltd., Cambridge, Ontario, Canada

obtained from Chipman Chemicals Lid., Stoney Creek, Ontario, Canada
purchased from Aldrich Chemical Co., Milwaukee, Wisconsin, U.5.A,

The ECs5p values in this paper are quoted as ppm; to convert ppm into pmolar
values, multiply by this conversion factor.

o 0w m
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Table 2, The effect of Diuron and some of its

. . . a
metabelites on A. Inaequalis™.

Growth l@CG Acetvlene
Compound Yield U ta%e Reduction
Diuron 8.02 .04 1.5
DCMMU 0.04 0.07 3.0
BCe >1.0 50 -
3.4 BCA 0.15 >1060 35

&Table values are mean ECSQ in ppm {ug/mlj.

Table 3. The effect of Atrazine and some of its metaholites

; .. 4
on A, inaequalis .

Growth 14C02 Acetylene
Compound Yield Rate Uptake Reduction
Atrazine 0.03 £ 0.01L 0.1 0.28 = 0.07 55 = 25
De~ethylated Atr 1.6 = 0.2 4.0 2.5 = 0.7 >100
De-isopropylated Atr 2.5 = 0.5 7.0 8.0 x 1.2 >100
Diamino Atr >10 >10 >3100 >100
Hydroxy Atr >10 >10 >100 >100

aTable values are mean ECSO * standard deviation in ppm (ug/mL).



Table 4. The effect of Permethrin and some of its

metabolites on A. inaegualis&.

Growth 14CO Acetylene
Compound Yield Rate Uptaﬁe Reduction
Permethrin 1.6 = 0.8 5.0 >100 >100
PBAlc 2.5 £ 9.5 3.5 30 & 3 48 * 6
PBAZd 55 £ 25  >»50 2.0 £ 0.5 12 £ 5
PBAc 25+ 5 >50 20 £ 2 35 £ 7.5

aTabie values are mean ECSO + standard deviation in ppm
(ug/mL).

Table 5. The effect of combinations of Permethrin

. . . a
and its metabolites on the growth of A. inaequalis .

PBAc PBAld PBAlc PER
PER ANT STYN S5YN -
PBAlc ANT SYN - S5YN
PBAld ANT - SYN SYN
PBAC - ANT ANT ANT

aA—antagonistic, S—synergistic. The concen—
trations used in this experiment were those
inducing a 50% reduction in growth, as out~
lined in Table 4.
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BIOACTIVITY AND DEGRADATION OF PERMETHRIN IN ARTIFICIAL POOLS
1 i . 2
G.P., Rawn™, G.R.B. Webster , and D.C.G, Muir
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RAWN, G.P., G.R.B. WEBRSTER and D.C.G. MUIR 1980 Bicactivity and degradation
of permethrin in artificial pools. Can. Tech. Rep. Fish. Aquat. Sci.
975: 140149,

Outdoor artificial pools (15 m? x 0.37 m deep) were treated with perme-
thrin emulsifiable concentrate containing 1"‘C—}tnemnet“m:in at 0.028 kg a.i./ha
{15 ppb}. Water, hvdroscil, and fish {fathead minnows) samples cellected over
a peried of 28 days following treatment were monitored for residues of perme-
thrin and degradation products by GLC, TLC-autoradiography and liquid secintilia-
tion counting. Determination of permethrin bipactivity in the water, using 4th
instar Aedes aegypti larvae, showed 100% mortality immediately and for 12 hours
post-treatment; only 247 mortality was found after 24 hours and none was obs-
erved at 72 hours. Radiotracer datz indicated a rapid loss of permethrin in the
water which correoberated the biocassay results. A photelysis study indicated
that photochemical loss of permethrin in pond water was rapid. Considerable
photoisomerization of the cis- and trans-isomers of permethrin was observed.
The cis~isomer disappeared more slowly than the trans-isomer.

Key words: Bioassays; permethrin; water; hvdroscil; fish; mosquitos; Aedes
aegypti; radioactivity; photolysis

RAWN, G.P., G.R.B. WEBSTER and D.C.G. MUIR 1980 Bicactivity and degradation
of permethrin in artificial pools. Can. Tech. Rep. Fish. Aquat. Sci.
975: 140-149.

Les auteurs ont traité des bhassins artificiels extérieurs (15 m? % 0.37 m
de profond) avec un concentré &mulsifiable de permethrine contenant theo
permethrine 4 0.028 kg a.i./ha (15 ug/LY. Ils ont recueilli des é&chantillons
d'eau, d'hydrosol et de poissons (t&tes-de-boule) sur une période de 28 jours
aprés le traitement. Les riésidus de permethrine et les produits de dégradation
ot été mesurés par chromatographie en phase gazeuse, chromatographie en couche
mince~autoradiographie et par comptage 3 scintillation liquide. La biocactivité
de la permethrine dans 1'eau, déterminée sur des larves d'Aedes aegypti au 4°
stade, démontre qu'il ¥ a mortalité de 100% immédiatement et durant 12 h aprés
le traitement. Apr&s 24 h, on n'a constaté gque 247 de mortalit® et aucune
aprés 72 h. D'aprés le radiotraceur, il v a perte rapide de permethrine dans
1'eau, ce qui confirme les résultats d&'essais biologiques. Une etude de
photolyse indique que la perte photochimique de la permethrine dans 1'eau des
Etangs est rapide. Nous avons observé une forte photoisomérisation des isoméres
cis et trans de la permethrine. L'isomére cis disparait plus lentement que
1'isomére trans.
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INTRODUCTION

The synthetic pyrethroid insecticides, a promising new family of insect
contrel products, are of very low toxicity to mammals, birds and plants, but
are of very high toxicity to insects and fish. Several of the recently
developed synthetic pyrethroids, permethrin, cypermethrin, fenvalerate, and
decamethrin, provide superior control of insect pests compared to the clder
organcphosphorus, carbamate, and chlorinated hydrocarbon insecticides. In
addition, while they are contact insecticides and stomach poisons, their
action as nerve poisons does not involve interaction with acetylcholines—
terase as do the organophosphates and carbamates {(Elliott et al. 1978). All
pyrethroids are lipophilic, and in this respect, resemble the chlorinated
hydrocarbons; however, pyrethroids are readily metabolized by mammals and
birds and readily photodegraded.

Wide use of permethrin (NRDC 143, FMC 33297, WL 43479, PP 550G, Ambush,
Ectiban) for insect pest control in Canadian agriculture and forestry is
anticipated within the next few vears; experimental results to date indicate
that permethrin effectively controls many agricultural and forestry pests and
ie an effective mosguito larvicide.

Permethrin is known to degrade readily in soil, largely through the
action of microorganisms, with a "half-life” of 0.5-6 weeks (ICI 1977,
Williams and Brown 1975). Identified degradation products include 3-
phenoxybenzyl alcohol, 3-phenoxy benzoic acid, and cis- and trans-3-
(2,2~dichlorcethenyl)-2, 2~dimethyvl~cyvclopropane carboxylic acids, all of
which eventually degrade further. Cis-trans photoisomerism of permethrin
occurs most readily with the ultimate products of photolysis being similar to
those formed in so0il; monodechlorinated specles are also formed (Holmstead
et al., 1978).

Analvsis of residues of permethrin itself may be carried out using gas
liguid chromatography (GLC) (Williams 1976; Chapman and Simmong 1977, Fujie
and Fullmer 1978). Quantditation of degradation products, which are somewhat
polar, can be carried out using radiotracer techniques with laC—labelliﬂg at
specific locations in the molecule, in this case, thin laver chromatography
(TLC) followed by autoradiography and liquid scintillation counting (LSC)
(Shono et al. 1979; Glickman et al. 1979).

To date, no detailed quantitative appraisal of the bicavailability and
residue levels of permethrin in treated aquatic systems has been reported.

OBJECTIVES

Since permethrin is toxic to many aquatic organisms, there are several
questions to be answered regarding the compatibility of insecticidal uses of
permethrin with maintenance of aguatic environmental quality:

1. What is the bioavailability of permethrin when it is used as a mosquito
larvicide in artificial pools? How long will efficacious levels last?

2. What is the rate of loss of permethrin in treated pond water by photo-
chemical processes?

3. To what degree is permethrin lost through degradation and adsorptiom in
treated pond water? What residue levels of permethrin and degradatdion



142

products will be encountered in watey, hvdrosoil, and fish?
4, What are the biocaccumulation rates of permethrin and degradation products
in fish?

METHODS

Artificial pools (5 ® 3 m) have been maintained for four vears at the
Glenlea Research Staticon south of Winnipeg. The pools were excavated, lined
with polyethylene, and covered with sand and 15 cm of sod; they were main-
talned for the present study at a depth of 38 cm using water from a mnearby
dugout. Natural flora and fauna were allowed to develop In and arcund the
pocls and have been kept under control by periodic cutting and pond main-
tenance.

Two pools were treated with permethrin emulsifiable concentrate at the
rate of 0,028 kg a.i./ha er 15 pg/l. The formulated material {cis-trans
ratio 403:60) was spiked with 69 or 88 uCi of (148}»permethrin labelled either
in the methylene or cyclopropvl group. Pool 7 was treated with methylens
iabellied permethrin and pocl 3 with cycleopropyl labelled permethrin., A third
pocl served as an untreated control.

Fathead minnows were added to each pool at 72 h post-treatment.

Samples of pond water and hvdrosoil were taken one day pre-treatment
and 2, 4, 8, 12, 24, 36, 48, 72, 96, 168, 264, 336, 504, and 696 h post-
treatment. Samples of fathead minnows were also faken at 96, 264, 336, 504,
and 696 h.

1. PHOTODEGRADATICN

Two sets of nine 1000 nl erlenmever flasks were filled with 800 ml of
pond water., To each flask in one set, 9.11 ug of cis-permethrin in 1.0 ml
acetone was added to give a concentration of 11.4 ng/L. One flask served as
a darkened control. Te each flask in the other set was added 8.10 ng of
trans-permethrin yielding a concentration of 10.1 pg/L. Immediately following
treatment, the flasks were partially submerged in an outdoor artificial peol
s¢ that the bottom 5-8 cm of each flask was immersed in water. At O, 1, 6,
12, 24, 48, 96, and 144 h (light) and 144 h (dark) post-treatment, one flask
from each set was removed and the water extracted using methylene chioride.
At 144 h, the contents of both the light and darkened flasks were analyzed
for residues of cis- and trans-permethrin.

GLC analysis of the cis- and trans-permethrin were performed using a
Tracor 220 gas chromatograph fitted with a 6341 electron capture detector. A
1.2 m Pyrex, 4 mm i.d. column was packed with 100-120 mesh Chromosorb W-HP
coated with 5% OV 210. Temperatures (OC): injector, 235; detector, 350;
column, 220; flow rate: 5% methane in argon carrier, 40 ml/min; retention
time: cis/tramns, 4.0 min/4.6 min, respectively.

2. BIOAVATLABILITY

At each sampling time, a 100 ml aliquot of pond water was taken from
the bulk sample (see 3) and a 24 h bioassay conducted using 25 lab-reared
fourth instar larvae of Aedes aegypti. At 72 h post-treatment, when the
fathead minnows were added, residues of permethrin had diminished to levels
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no longer sufficient for mosquito larval mortality. Fish are known to
concentrate reszidues of 1ipophilic compounds from water, and as such provide
a further measure of biocavailability of permethrin. At each sampling time,
three fish were taken per pool and analyzed for uptake of permethrin

residues.

3. RESIDUE LEVELS, RATE OF 1L0SS OF PERMETHRIN AND DEGRADATICON PRODUCTS
{a) Hater

Pond water samples were collected by compesiting ten 100 ml random dip
samples from each pool. The 900 ml remaining following the bicassay (see 2}
was preserved and subsequently extracted with methvlene chloride. An
aligquet of the extract was removed and combined with PCS {Amersham) and xviene
{Caledon) feor total lAC—anaiysis by a Beckman LS5-7500 liquid scintillation
counter. The samples were counted for 20 min and quench corrections were
made using an internal channels ratio method. The remaining extract was
divided intc three and analyzed by TLC, asutoradiography, and LSC. The three
solvent systems used for the TLC were hexane/ether (10/1), cyclohexane
saturated with formic acid/ether (3/2), and chloroform/ethyl acetate/methanol

(6/3/1).

(b) Hydrosoil

Four days prior to treatment, 48-455 ml wide-mouth jars were filled
with ambient soil and placed on the bottom of each pool. At each sampling
time, four jars per pool were removed to provide samples of hydroseil fer
residue analysis. From each set of four jars, the top 0.5 cm of materials
was taken and combined. A subsample of this hydrosoil was removed for oxi-
dation and LSC for total 14C levels.

Hydrosoil samples (0.5 g) and 0.3 ml Combustaid {(Packard Instruments)
were combusted for 1.5 min on a Packard Model 306 oxidizer and 14002 was
collected in CO9-M-Met (Amersham) and PCS (Amersham). Counting procedures
followed those outlined in 3(a).

{c) Fish

Fathead minnows were captured at each sample period using a minnow trap
and analvzed using oxidation and LSC (see 3(a) and (b}).

(d) Metabolites

Analysis of extracts of water and hydrosoil samples by TLC enabled the
separation and quantitation of cis- and trans-permethrin and major metabolites.
The solvent systems used for TLC and silica gel plates have already been
described by Shono et al, 1979 and Glickman et al. 1979; autoradiography and
L5C were used to locate and quantitate residues,

Samples of technical permethrin, 14C~—cyclopropyl permethrin, 14C—
methylene permethrin, EC formulated permethrin and analytical standards of
degradation products were kindly supplied by ICI Plant Products Division,
Jealott's Hill Research Station, Bracknell RG12 6EY England.



RESULTS AND DISCUSSION
1. PHOTODEGRADATION
{a} Trans-permethrin

Traps-permethrin degraded rapidly in pond water held in Pyrex glass
flasks during the first 24 h and generated an approximate first order plot
over the first 6 days {(Figure 1). Isgomerization of the trans-isomer to the
cis~isomer occurred rapidiy during the first & h in the illuminated flask; no
isomerization was observed in the darkened flask. Degradation of the cig-
isomer followed an approximate first order plot from day 1 teo day 6. The
trans-isomer degraded somewhat more rapidly than the cis-isomer, and at the
end of 6 days (144 h), 0.04 pg/L (ppb) trans—isomer and 0.08 ug/l cis-isomer
remained in the illuminated flask; 2.7 ug/L trans-isomer only remained in the
darkened flask.

{b) Cis-permethrin

Cis-permethrin also degraded rapidly in pond water and behaved in much
the same way as the trans-isomer had done (Figure 2). Isomerization of the
cig-isomer to the trans-isomer occurred rapidly during the first 6 h in the
exposed flask; no isomerization was observed in the dark flask. Again, the
trang-isomer degraded more rapidly than the cis-isomer, and at the end of 6
days (144 h) 0.15 upg/L cis-isomer and 0.04 ng/L trans-isomer remained; 4.2 ug/L
cis-isomer only remained in the dark flask,

The loss of 55-707Z of permethrin in the darkened f£lask indicates that
photodegradation is probably not the most important loss mechanism. However,
since the cis-isomer has been reported to be more toxic than the frans-isomer
(Bigley and Plapp 1978), photodegradation may affect permethrin biocactivity in
water due to photo-isomerization.

2. BICAVAILABILITY

Bicassay results showed 100% mortality of mosquito larvae immediately
and for 12 h post-treatment. The bioavailable toxic residue decreased very
quickly vielding 4% mortality at 48 h and 0% at 72 h (¥igure 3).

3. RESIDUE LEVELS
{a} Water

Residue levels in the pond water were determined in two ways, viz., TLC-
auteradiography-LSC, and total 14¢ residues in the water. Results from ponds
3 and 7 derived from TLC separation, autoradiography, and LSC quantitation
corroborated the bicavailability results. The initial concentration of 15.5
pg/L decreased very gquickly to 1.5 ug/L by 18 h and 0.04 pg/L at 72 h post-
treatment (Figure 4).

Total 140 residues in the water provided further informatiom. Rapid
loss of permethrin during the first day paralleled the TLC-LSC results. At
approximately 2 days, however, the results show a marked variation: the pool
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treated with cyclopropyl labelled permethrin showed z levelling off of
detectable 14C residues, and was still above 1 ug/L at 28 days post-treatment,
whereas, the pool treated with methvlene labelled permethrin showed a steady
decline in residual 14C over the same 28 days (Figure 5). The expected
degradation pathway was the hydrolysis of the permethrin molecule to yield
"cyclopropyl' products and "methylene" products (Figure 7). Since the 14¢ is
associated with these two distinct parts of the molecule, TLC-autoradiography
analysis was able to follow each half of the molecule. Results in each case
indicated the generation of several degradation products which are as vet not
fully identified, Qualitative observation of the radiograms showed the con-~
centration of the cyclopropyl degradation products in the water to be consider-
ably higher than the methylene degradation products. These results indicate a
different fate for the two halves of the permethrin melecule.

(b} Hydrosoil

-

During the first 2 days, the laC residues in hydrosoil were similar for
both ponds. As in the case of the 14C residues in pond water, there is a
marked difference in 14C residue levels in the hydroseoil in the two ponds
beyond the first 2 days (Figure ). The zond treated with cyclopropyl labelled
permethrin (pool 3) shows a peaking of 14C residue at 3-4 days with a concent-
ration equivalent to 160 pg permethrin/kg dry weight seil, whereas, pond 7,
treated with methylene labelled permethrin, peaks at 4 days at a concentration
equivalent to 330 mg permethrin/kg dry weight soil. These results are thus
complementary to those gathered for pond water and show that the more polar
acid metabolites tend to remain in the water whereas the less polar alcchol
metabolites tend to associate with the hydrosoil. Anomalous points in Figureb
are thought to be due to excessive quantities of detritus which collected on
top of the soil substrate in these sample jars. The 0.5 cm sample taken for
analysis from these jars would have been less dense, thus inflaring the con-
centration values for the residues reported as a pg residue/kg dry weight soil
basis.

{c) Fish

Within 24 h of thiéintroéuction of the fatrhead minnows to ponds 3 and 7,
considerable uptake of C labelled compound had occurred (Table 1). 1In close
agreement with the hydrosoil/water results, the cyclopropyl labelled material
was taken up by the minnows to a lesser extent than the methylene labelled
material. TIn general, this appears to be consistent with the pelarity of the
respective metabolites; i.e., the cyclopropyl products, being more polar than
the methviene labelled products are not taken up as efficiently by the fish.
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Tabie 1. TUptake of 14C label {(ppb = ug permethrin equivalent/kg wet weight
fish) by fatrhead minnows in ponds treated with lac—cyclopropyl or
14€—methy3ene labellied permethrin.

Time 1aC~cyciopropyl 1éc—methylene
(days) ppb concentration factor ppb concentration factor
3 sreascan samersoeaaenas Fish added.....ovevvunnn, cireessasenene ‘e
4 326 151 57 174
11 57 24 107 486
14 93 35 125 499
21 176 73 158 1433
29 231 123

CONCLUSION

Permethrin is an effective larvicide for Aedes aegypti (mosquitces) for
a period of 12 h post-treatment when pond water is treated at 15 ppb {(ug/L}.
Permethrin is quickly degraded in an aquatic system and is reduced to less tha
1% of applied concentration by 5-6 days post-treatment. Photochemical
processes increase the degradation rate of permethrin. Other loss mechanisms
also take place, but do not lead to cis—trans-isomerization of permethrin.

Degradation of permethrin in the aguatic system was rapid and led to
residues of the cyclopropyl metabolites largely in rhe pond water and residues
of the methviene labelled degradation products largely in the hydrosoil and
fathead minnows. 7TLC-autoradiography revealed the presence of several degra-
dation products which have not yet been identified.
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Photodegradation of trans-permethrin

in pond water
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Figures 1 and 2. Photodegradation of trans— and cis-permethrin in pond
water. Permethrin residues in ug/L (ppb).
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Figures 3 and 4. Bicassay (4th instar larvae Aedes gegypti) and chemical
determination of permethrin in pond water., Permethrin

in ng/L (ppb).
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Figure 5. 14¢ 1abelled residues Figure 6. 1&0 labelled residues in
in pond water expressed as hydrosoil expressed as mg per-
ug permethrin ecuivalents/L methrin equivalents/kg dry weight
(ppb) - soil (ppm).
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Figure 7. 14C~~permethrin labelling: cyclopropyl ring (*)}{pool 3} or
methylene bridge (+){poel 7). Hydrolvtic cleavage would yield
products of the sort indicated with l4g labelliing in products
derived from one side of the permethrin molecule only.
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INFLUENCE OF DIET ON FISH TOXICOLOGY STUDIES
J.W, Hilton

Great Lakes Biolimnology Laboratory, Canada Centre
for Tnland Waters, Burlington, Ontaric, L7R 4A6

HILTON, J.W. 1980 Influence of diet on fish toxicolegy studies. Can. Tech.
Rep. Fish. Aquat. Sci. 975: 150-151.

Although fish toxicelogy tests have been standardized, little attention is
given to the poessible interaction between dietr and experimental results. The
principal diet characteristics which could cause this interaction are:

(1) wundesirable levels of envirommental contaminants such as heavy metals and
pesticides, and (2) poor diet gqualitv, i.e. levels of protein, 1ipid, vitamins,
minerals and carbohydrate. These problems originate with the use of low
quality feedstuffs or poor processing and storage. Such problems may affect
experimental results by:
(1) altering the toxicity of the test material
(2) causing an unexpectedly high mortality which could invalidate the
experiment
{(3) causing a high experimental variability that masks treatment effects
{false negatives)
(4} dinducing spurious responses not characteristic of the test material
(false positives).
A standardized test diet would therefore seem appropriate but may be impractical
at this time due to lack of availability, difficulty in processing and storage,
expense, less than optimum growth response and some potential environmental
contamination. Commercial diets are more practical and can be used if their
composition, nutrient content and contaminants levels are verified. The sanme
bateh of fish feed should be used for the entire experiment and should also be
stored in a freezer until required for feeding.

Key words: Dietsy fish; toxicology

HILTON, J.W. 1980 Influence of diet on fish toxicoleogy studies. Can. Tech.
Rep. Fish. Aquat. Sci. 975: 150-151,.

Bien que les essals toxicologiques pour les poissons afent &té& normalisés,
on préte peu d'attention 34 1'interaction possible entre le régime alimentaire
et les résultats expérimentaux. Les principales caractéristiques du régime
pouvant causer une interaction sont:

(1) des niveaux indésirables de contaminants environnementaux, tels que les
métaux lourds et les pesticides, et (2) les régimes alimentaires de qualité
inférieure, i.e. sous le rapport de la teneur en protéines, lipides, vitamines,
minéraux et hvdrates de carbone. Des aliments de mauvaise qualité ou mal
transformés et entreposés sont 2 la scurce de ces problémes. Les derniers
peuvent influer sur les résultats par:

(1) altération de la toxicité du matériel d'essai

(2) mortalité exceptionnellement &levée de nature 3 fausser 1'expérience

(3) forte variabilité exp@rimentale masquant les effets du traitement

{fausses valeurs négatives)
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{&) dinduction de rBactions anormales gul ne sont pas caractéristiques
du matériel d'essai {fausses valeurs positives).

I1 serait donc bon d’adopter un régime normalis@ pour les essais. T1 se peut
toutefois que cela soit impossible pour le moment, pour les raisons suivantes :
non-disponibilitd, difficultd de transfermation et d'entreposage, coft,
réaction de croissance inférieure d 1'optimum et, enfin, contamination possible
de 1'environnement. Les nourritures commerciales sont plus pratigues et peuvent
2tre utilisfes sl leur composition, teneur en substances nutritives et niveaux
de contaminants sont vErifiés. On devrait utiliser le méme lot de nourriture
pour toute la durée d'une expérience et cette nourriture devrait 8tre conservée
dans un réfrigérateur jusgu’au moment de s'en servir.
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THE USE OF IW SITU PREFERENCE/AVOIDANCE STUDIES
WITH FISH IN MONITORING SULFITE MILL EFFLUENT

E.R. McGreer and G.A. Vigers

E.V.S. Consultants Ltd., 195 Pemberton Avenue,
North Vancouver, B.C., V7P ZR4

McGREER, E.R. and G.A. VIGERS 1980 The use of im gitu preference/avoidance
studies with fish in monitoring sulfite mill effluent. Can. Tech. Rep.
Fish. Aquat. Sci. 975: 152-161.

In gitu preference/avoidance tests with fish were used to determine the
zone of influence of sulfite mill effluent (SME) in Neroutsos Inlet, B.C. Fish
avoidance behavior and mortalities were greatest at the mill site and decreased
with distance from the outfall, Both avoidance effects and elevated mortality
were found at sites up to 10 km seawards of the mill, but the zone of influence
varied and was dependent upon the state of the tide. Response times for fish
were less than 0.5 h, and juvenile chum salmon (Oncorhynchus ketq) were found to
be more suitable than stickleback {(Gastercsteus aculeatus) as a test species,
Water quality parameters of pH and dissolved oxygen were found to be the most
gignificant (p <G.05) in explaining the vertical distribution of fish.

Key words: Fish behaviour; sublethal effects; pulp mill effluent; impact
assegsment

McGREER, E.R. and G.A. VIGERS 1980 The use of im situ preference/avoidance
studies with fish in monitoring sulfite mill effluent. Can. Tech. Rep.
Fish. Aquat. Sci. 975: 152-161.

Des essais de préférence/évitement im gifu avec des polissons ont servi 3
délimiter la zone d'influence de 1'effluent d'un moulin de bisulfite (SME) dans
le Neroutsos Inlet {(C.-B.). L'&vitement par les poissons et leur mortalité
sont au maximum ay site du moulin et diminuent en fonction de la distance de
1'exutoire. On a constatd gque 1'8vitement et la mortalité accrus se faisaient
sentir jusqu'd 10 km en aval du moulin. Par contre, la zone d'influence varie
et dépend de 1'Btat de la mar@e. Les temps de réaction des poissons sont
inférieurs 3 0.5 h, et 1'on constate que les jeunes saumons keta (Oncorhynchus
keta) conviennent mieux que les &pinoches d trois épines (Gastercosteus aculeaius)
comme espéces d'essai. La distribution verticale des polssons semble dépendre
davantage des paramdtres de qualité de 1'eau, pH et oxygéne dissous (p <0.05).
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INTRODUCTEION

Studies on the effects of sulfite mill effluent on fish avoidance be-
havior in Neroutsos Inlet (Fig. 1) were initiated in 1978 by Ravonier Canada
(B. C.) Ltd., Port Alice, B. C. The studies were designed to assess the
improvements in environmental conditions that occurred with the imstallation
and start-up of a spent-sulfite liquor recovery system at the Port Alice mill.
For 1979, research efforts were directed primarily at assessing the zones of
influence of the sulfite mill effluent with respect to fish preference/avoid-
ance behavior. Emphasis was placed on testing reproducibility of the
results, and statistical analysis to relate avoidance behavior to water gqual-
ity parameters. Variables related to test procedure (optimum time of test
duration and use of different fish species) were also examined. The avoid-
ance studies were carried out concurrently with investigations by other
agencies and included physical and chemical oceanographic data collection,
salmonid downstream migration and recruitments studies, and shereline surveys
of vegetation and epifauna.

METHODOLOGY
ACQUISITION, MAINTENANCE AND TRANSPORT OF FISH STOCKS

Juvenile chum salmon (Oncorhynchus keta) were obtained from the Quali-
cum River fish hatchery, Parksville, B, C., and transported to the marine
laboratory of E.V.S. Consultants Ltd., North Vancouver. Fish were acclimated
to salt water (25 + 2°/00) over a one-week period. Oregon Moist Pellets and
frozen euphasids, in equal proportion, were fed to the fish daily. Average
wet weight of juveniles was 0.6 g. Stickleback (Gastercsteus aculeatus) were
collected from False Creek Inlet, Vancouver, B. C., and transported to the
marine laboratory of E.V.S, Consultants Ltd. Fish maintenance was as de-
scribed for juvenile chum.

The required numbers of chum and stickleback for in 8itu experiments
were air shipped to field personnel via Port Hardy, B. C. Approximately 250
fish were placed in 5 L of seawater in double polyethylene bags placed inside
styrofoam coolers. The bags were inflated with pure oxygen and sealed. A
temperature of approximately 12°C was maintained by freezer packs placed in
the containers. Fish were held at the study site in a 1400 L holdiang/trans-
port tank supplied by the Environmental Protection Service of Environment
Canada. Water in the tank was filtered continuously through a Biotech II
glasswool filter. Fish were fed dally and mortalities were less than 1% per
day.

EXPERIMENTAL PROCEDURES

The preference/avoidance traps and test methods used were those de~
scribed by Birtwell (1977). The traps consist of sizx 1 m compartments within
an aluminum framework which is suspended in the water column from a surface
flotation unit. Doors between each unit may be cpened allowing fish access
to all compartments. Closing of the deors at test completion traps the fish
in each compartment, allowing assessment of their vertical distribution with-
in the top € m of the water column. Initial time series tests were carried
out to assess the response time and preference/avoidance behavior of chum and
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stickleback near the point of mill discharge and at a control site, Site 7
(Fig. 1). Doors in separate traps were closed at intervals of 0.5 h up to
4.0 h. Four replicate traps were used at sach of 7 sites {(Fig. 1) to deter-
mine the zone of influence of sulfite mill effluent. Water quality paramet-
erg (temperature, conductivity, dissolved oxygen and pH) were measured at
0.5 m and successive 1.0 m depth intervals using & Hydrolab Survevor water
quality analyzer (Model 6D).

RESULTS AND DISCUSSION
TIME SERIES TESTS

Results of the time series tests are summarized in Figures 2 and 3, and
Table 1. Chum fry at the control site {(Fig. 2) showed s distinct preference
for the surface {0-1 m) waters at all time intervals., Preference for sur-
face waters was not shown as consistently by the stickleback. Relativel
large numbers (25-70%) of stickleback wers found at depths of 2 to 4 m, par-
ticulariy at times longer than 2.0 h. The distribution of fish for the time
series experiments carried out at the mill site {Site 3; Fig. 1) was verv
different from that of the control {(Fig. 3). The test on May 9, with chum
and stickleback, showed a more equal distribution with depth for both species
at all time intervals (Fig, 3). Preference for the surface was observed
(e.g. 2.0 and 4.0 1) but trhe largest numbers of fish aveided the 0-1 m depth.
In contrast, a second test on May 31 at the mill site showed chum had a sub-
surface distribution {(Table 1) with the majority {(65-85%) of fish at the
2.0-3,0 m depth at all times sampled. The different conditions at the mill
site on the two occasions was alsce apparent in the mortalities observed., TUp
to 53.3% of the fisgh died during the test on May 31 (Table 20}, whereas no
mortalities were recorded on May 9.

The above observations on fish distribution were confirmed statistically
using Duncan’s Multiple Range Test (Table 1). The population mean for subset
1 {depth 0~1 m) was shown to be significantly different from other subsets at
the controel site and for chum at the mill site on May 9. At the mill site on
May 31 subset 3 (depth 2-3 m) was shown to contain significantly more fish
than the other depths.

The time series tests were carried out to sssess the response times of
fish with respect to their aveidance behavior. Yo significant changes in
fish distribution were observed for the time intervals tested. Tt was appar=-
ent from all tests conducted that the response time was (0.5 h or less. This
conclusion is consistent with observations from similar experiments using the
game apparatus (Birtwell, pers. comm.).

The control test demonstrated the strong preference of chum salmon fry
for surface (0-1 m)} waters in unpclluted conditions. This response is the
working hypothesis upon which these in gitu preference/avoidance tests have
been based. A strong surface preference has been shown for juvenile chinock
(Birtwell 1977) and coho salmon (Vigers et al. 1978), but the response has
not been as consistent in rests using juvenile Pacific herring {Birtwell
1977; Vigers et al. 1978) or stickleback (present study). Thus, juvenlle
salmonids {(Cncoriynashnug sp.) seem to be the best species tested to date for
use in the in gitu preference/avoidance experiments.
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The marked difference in avoldance response and mortality observed on
the two occasions at the mill site suggests that fish were exposed to increas=-
ing concentrations of sulfite miil effluent. Effluent from Port Alice has
been shown in previcus field studies to vary considerably in toxicity and the
degree of mixing after discharge (Vigers et al. 1978).

PREFERENCE/AVOIDANCE TESTS TO DETERMINE ZONE OF INFLUENCE
OF SULFITE MILL EFFLUENT (SME)

A summary of fish distribution data is shown in Figures 4 and 5. Statis-
tical analyses of fish and water quality data are given in Tables 1 and 2.
Two test runs are distinguished; Run #1 (June 1-6) and Run #2 (June 14-18,
19797,

in Run #1, avoidance behavicur was shown in the vertical distribution of
chum fry at Sites 1 to & (Fig. 4). Fish were completely absent from the sur-
face waters at Sites 72 and 3. Chum at Site 7 (the control) showed the normal
preference for surface waters. A very different pattern was apparent in Run
#2 {Fig. 5) as avoidance behavior was limited te Sites 1 to 4. Fish were
present at the surface (0-1 m) at all sites in Run #2. These differences ob-
served between the results of the two test runs were confirmed statistically
{(Table 1). Distinctly different subsets for depth were identified between
the two runs using Duncan's Multiple Range Test. The largest numbers of fish
were found at depths of 1, 3, and 4 m [identified as subset (1,3,4)] followed
by depths 2, 5 m in Run #1. TIn Run #2, the surface 1 m depth had significant—
1v greater numbers of fish than all other depths combined - a more normal
distribution pattern. Analvsis of variance between the two runs by site and
depth for chum (not shown) found a significant (p <0.05) difference in the
number of fish in the surface (0-1 m) water at all sites except the control.

The relationship between water quality and avoidance behavior is shown
in Table 2. Only those independent variables which made a significant (p
<0.05) contribution to the regression equation between numbers of chum and
water quality parameters are listed. The relative importance of each inde-—
pendent variable in the regression equation is given by the value for the
normal coefficient. 1In Run #1, at 1 m depth, pH was the only significant var-
iable in the equation where 1t accounted for 59% of the total variance (r?).
The pH was also identified to be an important variable in explaining the disg-
tribution of chum at the 2, 4, 5 and 6 m depths. Distance (from the outfall)
was the most significant variable at the 3 m depth. A different relationship
between water quality and fish distribution was exhibited in Run #2. Dis-
solved oxygen, percent saturation of disseolved oxygen, distance and salinity
were ldentified as significant wvariables. The lack of any significant wvari-
able for 3 m suggests that this is a 'threshold"” with fish being distributed
above or below this depth.

The use of in giiu preference/avoidance bicassays with juvenile salmon-
ids has been shown to be a practical and sensitive methodology for monitoring
the effects of sulfite mill effluent in the marine environment. Reproducibil-
ity of the test was good as evident from the 957 confidence limits of the
data (Figs. 4, 5).

The differences in avoidance and water quality relationships observed
between Runs #1 and #2 can be largely explained by tidal conditions at the
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time of testing. In Run #1, testing was carried out during ebbing and low
slack tideg and avoidance behavior was observed up to 10 km from the mill
(Site 6#). Testing for Run #2 was carried out on a flooding tide and no avoid-
ance was cobserved at this site. Effiuent is dispersed down Neroutsos Inlet

on the ebbing tide and subsequently will affect sites seawards of the mill.
Conversely, on a flooding tide, effluent will be "concentrated” around the
outfall area.

The relationship between water quality and avoidance behavior was shown
to be complex with different variables being dimportant on different occasions.
During Run #1, when the strongest avoidance of surface water was observed
(Fig. 4), pH was identified as the single most significant (p <0.05) variable
explaining 597 of the variance (Table 2). These data indicate that some com—
ponent of the effluent was causing avoidance of surface waters by the fish.
Generally, in Run #1, pH was identified as the mest common variable in ex-
plaining fish distribution, However, stronger relationships between fish
avoidance and water quality have been found when an effluent tracer is used
(Birtwell, pers. comm.). Color works well with kraft mill effluents, but
until recently there have been problems in finding a suitable tracer for sul-
fite waste liguor in seawater. A new fluorimetric method has been developed
in Sweden (Almgren et al. 1975; Josefsson and Nyquist 1976) which may be
useful in this regard.

A weaker avoidance response was found in Rum #2 (Fig. 5}, when the level
of dissolved oxygen and the percent saturation of oxygen were identified as
the most significant (p <0.05) variables related to the numbers of fish in
the gsurface waters (Table 2)., Generally, avoidance of waters with air satur-
ation values below a range of 18-35% was found. These levels for aveidance
are very close to the 25-407 air saturation values avoided by juvenile chin-
ook in the Somass River estuary, Alberni Inlet, B. C. (Birtwell, pers. comm.).
The behavioral responses of fish to low oxygen conditions have been reviewed
by Davis {1975). Most often, fish become more active in hypoxic water and
attempt to move away from regions of low oxygen concentrations (Randall
1970).

As both effluent toxicity and low levels of dissolved oxygen were shown
to be important variables related to fish distribution, the question of addi-
tive and/or synergistic (i.e. more than additive) effects arises. Marier
(1973) found that a reduction of dissolved oxygen from 6.5 to 4.0 mg/l in-
creased the texicity of kraft mill effluent by two to three fold. Similar
data for sulfite mill effluent are rare. Davis et al. (1978) reported ele-
vated hematocrit levels in juvenile coho and sockeye salmon at 2 distance of
10 km seaward from the Port Alice mill during studies in 1973. This observa-
tion suggests the possibility of other biochemical changes occurring in the
salmonids exposed to SME in the test chambers. If the fish also show greater
activity when exposed to low oxygen conditions (Randall 1970), then increas-
ed stress may he a factor in producing the mortalities observed. C(learly,
more research on the factors responsible for the avoidance responses and mor-
talities of fish exposed to pulp mill effluents in gitu is needed.
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Flgure 1. Map showing study
area and lgcation of sites
for <n situ avoidance tests,
Neroutses Inlet, B.C.
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Figure 2. Vertical distribution of fish in time
series test at contrel site - May 8, 1979.

Figure 3, Vertical distribution of fish in time
series test at mill site -~ May 9, 1979.
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Figure 4.

Vertical distribution of chum fry at

seven sites in Neroutsos Inlet, for test run #1
- June 1-6, 1979. (Mean and upper 95% confidence
limits shown for each depth.)

Figure 5. Vertical distribution of chum fry at
seven sites in Neroutsos Inlet, for test run #2
- June 14-18, 1979. (Mean and upper 95% confi-
dence limits shown for each depth.)
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RESULTS OF DUNCAN'S MULTIPLE RANGE TESTS FROM ANOGVA® BY DEPTH FOR CHUM®® AND STICKLEBACK*®

TABLE 1.
Ka. of Distinct Homogeneous Subsets {i.e. Dopthe)
Test Gbservations Tdentified by Duncan's Multiple
Range Test {p -0.05}

Time series - control site chum B (1} (2, 3, 4, 5, 8)

stickleback 8 {1) {2, 3, 4,5} (2,4, 5, 6)
Time series - mill site chum 15 (1) {2, 3) {2, 4} » 8} {5, 8}
{May 93} sticklieback 15 {3 (&) (3,2, 3 . 3,04
Time series - mill site chum 8 {3} (2, &) {1, 5
{May 31)
Preference/avoidance - Chum 26 {1, 3, 4) {2, 8} (2, &)
June 1-6 {Run #1}
Preference/avoidance - chum 26 {1} {2, 3. 4, 5, &)

June 14-18 (Rup ¥2)

*A1Y results were significant at p <0.05 level.

**Arc transformed data.

TABLE 2

RESULTS OF STEPWISE MULTIPLE REGRESSION ANALYSIS

FOR CHUM WITH WATER QUALITY VARIABLES AND DISTAKCE

Stgnificant*
Indegendent
Variables in Totai ¢+
Stepwise for alt
Regression Normal Independent
Test Date Depth Equation {oefficientw* Yariables
Preference/ June 1-6 i pH 0.76 0.59
avoidance » f
{Run #1} z : S;éz“ o5 4.51
3 distance 0.40 0.18
4 pH 0.66 0.44
5 salinity? 0.40
pH? 0.45 C.33
& pH G.48
% set'n? 0.35 0.40
Preference/ Jume 14- i dissolvad oxygen G.68 0.48
avoidance 18 2 Y sat'n 9.6
{Run #2) temperature? 0.20 0.55
T sat'n? G.41
ngne - -
distance 2.1%
% sat'n 2.28
temperature? 0.51 G.81
% sat’n? 1,03
g salinity G.67 .45
3 salinity 0.59
salinity? 0.43 0.53
*At p <G.05.
**Expressed as absolute values.
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USE OF TELEMETRY TN MONITORING INTERSITY AND ENERGETICS OF
ACTIVITY IN FREE-SWIMMING FISHE WITH REFERENCE TO ZINC POLLUTION

A.H. Weatherley and 5.C. Rogers

Life Sciences Uivision, Scarberough College,
University of Toreonte, West Hill, Ontaric, MIC 1A4

D.G. Pincock

Electrical Engineering Department, NHova Scotia
Technical College, EBalifax, Nova Scotia

WEATHERLEY, A.B., §.C. ROGERS and D.G. FINCOCK 1980 Use of telem-
etry in monitoring intensity and energetics of activity in
free-swimming fish with reference to zinc pollution. Can.
Tech, Rep. Fish. Aquat. Sci. 975: 162-170,

The system coverview and design schematics of a radiocotelemetry
apparatus for senmsing/recording electromyograms® from free—-swimming
fish are given, with preliiminary results of its use. The *e.m.g.
signals are used to calibrate oxygen consumption rate determined
gsimultanecusly during swims of known speed and duration in active
swimming, or in spontaneous (= routine) activity, chambers. The
purpose is to infer oxycaloric cost of activity in the field from
recorded e.m.g. signals so that changeg in activity referable to
lazboratorv~determined effects of sublethal zinc concentrations may
beg examined also in zinc-polluted field situations.

Key words: Radioctelemetry; electromyograms; sublethal effects;
oxycaloric costs: trout, vainbow; freshwater pollution

WEATHERLEY, A.H., S5.C. ROGERS and D.G. PINCOCK 1980 Use of telem=~
etry in monitoring intensity and energetics of activity in
free-swimming fish with veference to zinc pollutiocn. Can,
Tech. Rep. Fish. Aquat. Sci. 975: 162-170.

Le présent arvrticle d2crit un appareil de radioteléméirie
permettant de détecter et d'enregistrer les &lectromyogrammes
(.m.g.) de poissons nageant librement, ainsi que les résultats
préliminaires obtenus avec cet appareil. Les signaux €.m.g. servent
g calibrer le taux de consommaticn d'oxvgéne mesuré simultanément
air cours de nages & vitesse et durfe connues dans des chambres de
nage active ou zu cours d'une activité spontanée (= routiniére’.
L'objectif est de déduire le colit oxzycalorique de 1'activitéd sur
le terrain 3 partir de signaux 2.m.g. enregistrés. On pourra de
cette maniére examiner &galement, dans des situastions naturelles
de pollution par zinc, les changements d'actilvité attribuables aux
effets de concentrations sublétales de ce miétal déterminés en
labtoratoire.



INTRODUCTION

Many polluted sguatic environments that are not immediately
lethal to fish can nevertheless sufficiently damage them sc that
range, movement, activity and growth are more or less meodified.
We are developing a new method based on telemetry to assess the
effects of sublethal levels of such toxic pollutants as zine on
the activity of free-swimming fish. The reason we need such
methods is because, though there is considerable knowledge of the
damage to gill epithelium caused by zine, its accumulation in
variocus tissues and in some cases the functional impairment it
may cause {(reviewed by Weatherley et al. 1979, it is very diffi-
cult to translate the various categories of data on impairment
into predictions of hehavior of fish in sublethally gzinc-polliuted
environments.

Various investigators have already examined gross movements
of fish by means of attached ultrasonic and radiotelemetry pack~
ages that transmit simpie signals from which fish positions can
be instantaneocusly determined from signal strength and direction
{Henderson et al., 1966; Lonsdale 19%67; Lonsdale and Baxter 1968;
Young et al. 1972; Hawkins et al. 1974; Young et al, 1976;: Stasko
and Pincock 1977). When many such positions, obtained in succes-—
sion, are jolned in sequence by straight lines, the approximate
path of a free-swimming fish may be constructed. This will tend
toc be a minimal estimate of the true path swum, because it fails
to account feor curvatures and velocity changes occurring between
determined pogitions. Thus, mean swinmming speed based on time to
traverse path thus estimated will alsoc be a minimal estimate; and
energy consumption of swimming, calculated from oxycaloric equi-
valents of swimming in laboratory respirometers at fixed speeds
that are the same as the underestimated "average! speed mentioned
ahove, will be undevestimated too (Weatherley 19768).

FPast attempts to overconme such problems have dnvolved the
use of variables correlated with swimming activity, such as heart
rate, using both ultrasonics (Kanwisher et al. 1974; Wardle and
Kanwisher 1974; Priede and Young 1977; Oswald 1978} and radio-
telemetry {(¥Franmk 1968; Nomura and Ibaraki 1969: Nomura et al.
1972; Weidntraub and Mackay 1975%). Heart rate is, however, prob-
ably a rather iInaccurate index because, in addition to responding
to circulatory demand, it 1s alse very sensitive to external en-—
vironmental factors (Randall 1970). Heart rate is, of course,
ocnly one of the two factors that determine cardiac output - the
other being stroke volume, Since the total bicelectrical changes
in the heart probably can be correlated {via the configuration of
the electrocardiocgram) with strength of heart beat, and therefore
with stroke volume, it is quite possible that the electrocardio-
gram might be usable as an index of cardiac activity in the field
that reflects fish metabolic activity, though this is not the way
cardliaec records have so far been used even when such an approach
might have vielded interesting data {(e.g., Priede and Young 1977).
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TELEMETRY AND ELECTROMYOGRAMS

A description has already been published of the schematics
of a radiotelemetry system which depends on sensing and recording
of electromyograms (e.m.g.’'s) derived from the activity of the
main epaxial musculature (Luke et al., 1979), In the epaxial
e.m.g., the signal is not necessarily merely a product of direc-
ted swimming by the fish, but will result from any contraction of
the epaxial muscles, This is obviously an advantage, hecause it
means that what is essentially the biochemical activity (respira-
tion) of the epaxial muscle can probhably be related to the e.m.gz.
signal, whether or not such activity reflects a change in the
location of the fish.

In alternative use, the electrodes of this apparatus can be
located in small muscles associated with the fish respiratory
cycle. The advantage of this location is that it provides the
possibiiity that the configuration of the e,m,g. will be corre-
lated with volume of water crossing the gills with each respira-
tory movement (Ballintijn and Hughes 1965; Shelton 1970; Oswald
1978), which mav in turn lead to better correlation with oxyvgen
consumption, since it is assumed that respiration will be relarted
to the whole of the muscular activity of the fish at the bio-
chemical level, whatever may be its precise relation to gross
body movement or positional change.

During periods of extended swims in a Blazka-Fry active
swimming chamber (Fry 1971), all e.m.g.’'s, from raianbow trout
fitted with telemetry packages to¢ tranmsmit either from the
epaxial or respiratory muscle sites, are tape-recorded. Evalua-
tion of records consists of computer analysis of statistics and
spectra of signals. During the same pericds ¢f e.m.g.-recording,
oxygen consumption rates are determined, which may be calibrated
in terms of corresponding uV averages. Thus oxygen consumption
of fish in free-swimming field situations may, in principle, be
determined from e.m.g. data - though we will not belittle the
difficulties presently opposing the reliable field use of these
techniques.

This analysis has two secondary purposes: (i) determination
of the most suitable location for electrodes, (ii) evaluation of
the relative effectiveness of different kinds of data-processing
for assessment of activity and energetics of fish in the fieid.

The sensor/transmitter is epexy-insulated and is sutured to
a dorsolateral position in the vicinity of the dorsal fin. The
e.m.g. is detected by two flexible wire electrodes {(kynar-insu-
lated, silver-coated copper} twigsted together, tips bared and
separated by about 1 mm, When suitably implanted in muscle the
electrodes are sutured in place, and pass directly to the
attached telemetry package which they enter without an external
join (to aid waterproofing), The package is made operational by
twisting together two external wires that ceonstitute a switch.
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Fig. 1 shows the system overview, and Fig. 2 the schematics
of the radiotelemetry packages (Sayre 1979).

PRELIMINARY RESULTS

Fig. 3 is a typical e.m.g. Tecord from the epaxial muscles
of a rainbow trecut 31 cm long swimming at 1 body length per sec.
in a Blazka-Fry chamber. The electrodes were implanted in the
"mosaic'" muscle which, despite its general designation as a mass
of white, fast-contracting, glvcolytic fibres {Johnston et al,.
1975; Greer-Walker and Emerson 1978) has bezen shown to be invelved
in all swimming movements that result in forward movement at
speeds greater than 1 body length per sec (Ballintiin and Hughes
1965), and probably atr slower speeds.

Fig. 4 (a-upper curve) shows mean UV of e.m.g.’'s from the
regspiratory muscle (levator hvomandibulae et arcus palatini) of
a rainbow trout swimming at various wvelocities in the active
gwimming chamber. Fig. 4 (b} gives corresponding oxygen consump-
tion rates at the same constant swimming speeds. Both curves are
simple exponentials. There is approximately a straight line
relationship between oxygen consumption and e.m.g. values for the
range of swimming speeds of this experiment (Fig. 4 {(c)). Since
the fastest swimming speed used approaches the maximum sustainable
for rainbow trout of the size used, we can assume that this linear
relationship will hold feor almost all normal levels of active
swimming for the species at the temperature used (12°C). The
results therefore provide a laboratory demonstration that, given
improved telemetry apparatus and data-processing, it will eventually
prove feasible to determine the energy (oxvecaloric) cost of free-
swimming in a fish from its e.m.g. records by remote sensing. We
of course recognilze the limitations of the present calibration.
Records from taped e.m.g.'s of trout in a spontaneous {= routine)
activity chamber are presently being processed for compariscn with
those in the swimming chamber. It is hoped these will furnish
data, on what happens to energy metabolism in situations of unforced
activity, collected in a more "maturalistic” and empirical fashion
than has usually been the case in such attempts, and providinang
recourse to other than extrapolations from swimming chamber data.

Fig. 4 also gives data from the epaxial e.m.g.'s of a trout
swimming in a Brett (1963) chamber. This also gives a smooth
exponential which gives promise of gocd correlations with oxygen
consumption,

THE FUTURE

By further develeopment and application of these techniques we
expect to utilize telemetry with fish active up to approx. 1 km
removed from the signal reception point, and hence to be able to
obtain data on field activity of fish in (zinc) polluted environments
at various times of the vear, from which energy expenditure can be
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inferred.

On completion of the present laboratory calibrations we will
measure energetics of fish exposed in laboratory trials to sublethal
but damaging concentrations of zinc. As the transmission range and
battery life (at present less than 25 n and 2 weeks, respectively)
are improved we will move to zinc-polliuted experimental ponds and
larger water bodies for testing.

The present transmitters are not suitable for field use
because of the antenna included in the package, which is the main
cause of the limited range, and because c¢f the continuous trans-
mission, which is the cause of short battery life. The range
limitation can be overcome with a different antenna. To increase
transmitting life of the package to at least several months, pulsed
transmission will be needed, which requires that sufficient signal
processing, probably in the form of rectification and averaging,
be included in the transmitter, so that electrode information
can be coded in low duty~-cycle transmissions. We envisage the
eventual use of temperature~ and depth-sensitive telemetry
sensors along with the present apparatus, which will greatly
increase its potential usefulness in the field.
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Fig. 1 Schematic of e.m.g. transmitter, The oscillator, 93, is of

the Hartley type, with modulation achieved by means of a

varactor diode. The coil is made up by winding 5.3 turns cof

No. 22 AWG tinned copper tapped 3.5 turns from collector end;

space wound on 1/4 in. mandrel; length 0.6 cm. The component

values shown determine oscillation at about 90 MHz and the
modulation sensitivity is typically 500 Hz/aV. Q1 and Q2
amplify the electrode signal with a gain of about 300 in the
bandwidth 0.2 to 300 H=z. Thus the standard 75 kHz deviation,
compatible with a commercial FM receiver, is achieved with a
500 uV peak signal at the electrodes.
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TRANSMITTER
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OFF LINE SiGNAL
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Overview of telemetry syvstem used in laboratory work.
Transmitter uses FM to broadcast electrode voltages on
standard FM broadcast band (88 to 1 MHz) detectable by a
standard FM tuner. Analysis of recorded tapes 1is carried
out on a PDP-11 minicomputer.

Representative axial muscle e.m.g. (electromyogram) from 30
¢m rainbow trout swimming at 1 body length/sec. Vertical
scale, 1 div. = 25 uV; horizontal scale, 1 div. = 0.5 sec.
The signal transmitted is taped, demodulated, and filtered

(high pass = 20 Hz; low pass = 150 Hz).
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MAXTMIZING INFORMATION RETURN FROM PREFERENCE AND AVOIDANCE RESPONSE DATA:
EXAMPLES AND RECOMMENDATIONS

B.G.E. de March and ¥. Scherer
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501 University Crescent, Winnipeg, Manitoba, R3T 2N6

DE MARCH, B.G.E. and E. SCHERER 1980 Maximizing information return from
preference and avoidance response data: examples and recommendations.
Can. Tech. Rep. Fish. Aquat. Sci. 975%: 171-181.

Data obtained from preference and avoidance experiments in a counter
current trough are discussed and disadvantages of the most common method of
data presentatiom, the statistic "percent time spent in one end" are discussed.
Several shortcomings of this statistic can be eliminated. Suggested improve-
ments are the use of 1) appreopriate data transformations; 2) control data for
each animal; 3) time statistics other than % time; 4) replicate data available
in each animal's response, and 5) specific response elements instead of time
statistics. Several examples of data analyses applying these considerations
are presented.

Key words: Experimental design; data analysis; regression analysis; statis-
tics; behavioral reaction: Gommarus; whitefish

DE MARCH, B.G.E. and E. SCHERER 1980 Maximizing information return from
preference and avoidance response data: examples and recommendations.
Can. Tech. Rep. Fish. Aquat. Sci. 975: 171-181.

Les auteurs analysent les donndes d'expériences de préférence et d'évite-
ment dans une auge 3 contyre-courant, ainsi que les inconvénients de la méthode
la plus commune de présentation des données, le ''pourcentage de temps passé 3
une extrémitéd". On peut €liminer plusieurs défauts de cette statistique et
améliorer la méthode en utilisant : 1) des transformations appropriées des
données; 2) des donnfes témoins pour chaque animal; 3) le temps exprimé
autrement qu'en pourcentage; 4) des données en double de la réaction de chaque
animal, et 3) des €l€ments de réaction spéecifique au lieu de statistiques de
temps. On donne enfin plusieurs exemples d'analyses de donndes ot 1'on met en
pratique ces considérations.
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INTRODUCTION

Preference and avoidance studies to assess potential effects of toxi-
cants on aquatic fauna have become an accepted part of toxicclogical testing
methodology in recent years {(Sprague 19763 Scherer 1977, 1979). We have been
analyzing preference and aveidance data from variocus sources, and it was appa-
rent that potentially meaningful data often were not recorded or were over-
iooked. 1In many cases, different experimental design and analysis might have
provided a better estimate of the ability of the test organism to detect and
respond to the toxicant, and also, would have saved time, effort, and monevy.
Some suggestions for more meaningful results are presented.

In this paper, we will discuss only data obtained from counter current
troughs similar te those described by Jones (1947), Sprague (1964), Scherer and
Nowak (1973} and Maciorowski et al. (1977), with water entering both ends and
an outflow in the middle at the interface. The toxicant is introduced at the
desired concentration at one end of the tank. Usually, animals are monitored
for a fixed length of time as they swim back and forth in the trough. Often
only one measurement, the cumulative time spent in either end, is made during
the test. The data are then typically presented in a graphic dispiay of %
time spent by the animal in one end 72 concentration or the logarithm of concen—
tration of the toxicant being tested {(e.g. Sprague 1964; Scherer 1975; Fig. la).
A response different from 50%, either by an individual, or as a mean for a group
of individuals, demonstrated by one of a number of statistical tests, is inter-
preted as either preference or avoidance. These methods have been sufficient
to demonstrate general trends in various test organisms' response to toxicants
{(e.g. Sprague 1964; Kleerekoper 1973; Scherer 1975; Tatsukawa and Hidaka 1978),
and such results have often been supported by physiological data (e.g. Mcleese
1975; Kamchen and Hara 1980} and field observations (e.g. Sprague et al. 1965).

In our experiments with the freshwater amphipod Gammarus lacustris and
lake whitefish Coregonus clupeaformis, we found that the % time statistics
often did not concur with our impression of the type or extent of the behavioral
response in individuals. The fellowing are examples of particular problems:

1) Animals often showed a bias for one end of the trough during the control
run, which persisted into the toxicant run even though the animal appeared
to react to the toxicant. For example, if an animal spent 80% of its time
at an end during the control run, and then 60%, after the toxicant was intro-
duced at that end, we may suspect that the animal aveoided the toxicant. The
final 7 time statistic suggests no response, or perhaps even preference.

2) The 7% time statistic did not distinguish between preference of one end of
the treough and aveidance of the other. For example, the effects of two
concentrations of toxicant are gquite different if, at one concentration,
animals quickly swim out of the non-toxicant end, and at the other concen-
tration, animals only slow down at the toxicant end. Both results may
vield the same # time statistic.

3) Similar changes in time related events in both ends of the chamher were
often masked or gave misleading measurements. In some cases, animals were
observed to swim faster, slower, or erratically, and this change was not
not revealed by the ¥ time statistic.

4) Changes in specific elements of the overall swimming pattern were often
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masked. For fish in particular, swimming speeds in and out of an end,
the distance of penetration into an end, and the time spent immobile at
each end, were all parameters subject to change with toxicant levels,
but which were not necessarily revealed by the ¥ time statistic (e.g.
Lawrence and Scherer 1974).

Information available in each animal's repetition (or non~repetition) of

a behavior pattern during the control eor test run was lost. A small change
in the % time statistic appeared meaningful if the animal moved very regu-
larly, while a large change did not appear meaningful if the swimming pat-—
tern was erratic. Alsc, animals often turned away from the toxicant at

the toxicant interface a number of times, and thea swam inte it, and lay
lmmobile in it for a time, suggesting avoidance but also stupefaction.

In all three of these cases, the final 7 time statistic could be very
deceptive.

Because of the above problems, we often found that the mean % time statis-—

tic for several animals tested at one toxicant concentration had very large
confidence limits, even though each animal appeared to have the same response
to the toxicant. It was apparent that data analysis and collection had to be
reconsidered.

THE USE OF CONTROL DATA FOR EACH INDIVIDUAL

Preliminary testing with the test species and toxicant will determine

whether or not control measurements for each individual are necessary. Indi-
vidual contreol runs are not necessary if 1) animals do not show a bias for

one end of the trough during control runs, 2) the swimming pattern in the non-
toxicant end of the trough does not change after the toxicant is added at the
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other end, and 3) the control activity levels of individuals (e.g. swimming
speeds or the number of interface crossings per unit time) do not relate

to the degree of preference or avoidance of the toxicant. If individauls

do show some of the above tendencies, and control measurements are not taken,
it is highly probable that many true responses will be masked.

Contrel data can be incorporated into final analyses in variocus ways.
The simplest, and least effective would he to subtract (or divide) the control
value of any dependent variable from (or by} the final value. A superior
method would be to use the contrel value as a covariate in any statistical
analysis, or as an additional Independent variable in multiple linear regres-
sion analyses. Specific recommendations about the choice of dependent wvari-
ables will be made in the following sectioms.

THE USE OF TRANSFORMATIONS FOR % DATA

Most % time curves in the iiterature resemble the generalized one shown
in Fig. la. The curve is one-half of a sigmoid curve in the positive response
range, and has large variances near the 50% time response and smaller vari-
ances near the asymptote. Data distributed in this manner must be transformed
with either the probit, the angular (aresin V(Z-100)) or logit (log(%/100-%))
transformation before use in statistical analysis (Bartlett 19247; Ashton 1972).
These transformations may make the variances more homogeneous over a range of
test values, a necessary prerequisite to further statistical treatments (Cochran
1947)., Pigure lb shows the curve obtained with a logit tramsformation of data
in Fig. la. The variances are now more homogeneous, therefore, the comparison
of responseg at different concentrations will yield fewer erronecus results
caused by comparing samples with different variances (Cochran 1947). With
these transformations specifically, comparisons will show more significant
differences near the 50% response, and fewer among the higher and lower 7 res-
ponses.

The response curve may approximate a straight line after the use of one
of the suggested transformations, and interpolations using simple regregsion
equations may be valid. One obvious difference between the two curves is
their extrapolation to the threshold level {(i.e. the highest concentration
at which no response is expected) obtained from simple regression equations
(Figs. la, 1b). 1In the first curve, (Fig. la) the extrapolated threshold
level is lower than the concentration at which no response was measured, and
its standard deviation is smaller than the actual deviations observed at
lower concentrations. The second extrapolation (Fig. 1b) provides a realistic
estimate of the threshold level.

We used the logit rather than other transformations for Gummarus lacustris
data because it relates to a possible model of preference and avoidance beha-
vior. If a given level of toxicant causes the mean trip times into an end
{trip time = the elapsed time between crossing the midpoint entering an end,
and crossing 1t leaving that end) to change by a fixed percentage, but we have
only % time data, then the logit Z time is the most efficient estimator of
the response (i.e. the estimator with the smallest variance). The logit %
can be factored in the following manner:
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Tog % - 1o Total time in one end .
100-% & Total time in other end °

if the number of trips in each end are equal,

Mean trip time in one end
Mean trip time in other end

il

log

It

log [Mean trip time one end] — log [Mean trip time other end].

The logit transformation is therefore a difference of the logarithms of mean
trip times in both ends. A difference between logits is the difference
between log mean trip times In an end if the mean trip time in the other end
does not change. If a given level of toxicant consistently changes a parti-
cular mean trip time to n% of its original value, then the difference between
logits of % time is always log (»/100). This value would represent the change
in response for test organismsg with different initial biases and different
activity levels. The change in the % time statistic, on the other hand, would
be wvariablie.

ALTERNATIVE TIME STATISTICS: TRIP TIMES

The use of ratios such as % time or its transformations forces a parti-
cular description to our data. For example, assume that a response can be

described by the equation:
. o R 2
logit % = log-i = aC + bC” + ¢

where R = total time (or mean trip time) spent in the toxicant end, L = total
time (or mean trip time) spent in the non-toxicant end, C = toxicant concen-
tration or a transformation of it, and a, b, ¢ . . . k are regression coeffi-
cients determined in multiple linear regression analysis. An equation derived
from the above isg:

log R = aC + bC% + ¢ + log L.

It is highly probable that the addition of any of the terms shown below would
describe the response better:

log R = (terms shown above) + e log L + f log L% + g log L x C.

The best possible equation describing the response can be found with proper
muitiple linear regression techniques. The final equation obtained can
then be reconverted to a 7 time expression for data presentation purposes
if desired. For example one could obtain the reconverted equation:

1og-§ =alog L+5bloglLzxC+cC+ dc” + K.

This equation is in fact very similar to ones we obtain by multiple
linear regression techniques using trip times at the toxicant end as depen~
dent variables, and trip times in the non-toxiecant end or during the control
run as independent variables (example to follow). The control activity levels
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of individuals, measured as either one of the described independent variables,
usually relate to the extent of preference or avoldance.

In this type of experiment, one is dealing with two potentially inde-
pendent responses, i.e. what happens in the toxicant end, and what happens
in the pure end. ¥or this reason, trip times in both ends can bhe con—
gidered to be responses, and corresponding trip times in the contrel run
are treated as independent variables or covariates.

In all Gammarus lacustric data examined, mean trip time and its stan-
dard deviation were directly proportiomnal {(5.D.% 2/3 Mean). This fact sup-
ports the model of preference and avoidance described in the last section:
animals are more llkely to vary their trip time by a certain percentage than
by a fixed amount of time. This fact complicates the analysis. Data distri-
buted in this manner should be log-transformed before statistical analysis
{Cochran 1947; Snedecor and Cochran 1964). The statistic "mean log trip time"
is in fact not related to its standard deviation, and is therefore a wvalid
one for use in further statistical analvsis. Also, the standard deviation
of this statistic can be treated as another dependent variable independent
of mean trip time. If a toxicant causes erratic behavior, this variable may
bhe the best measure of the response,

The % time statistic is necessarily asscciated with many statistical
problems because of its structure. Among these are: 1) excessive variabi-
lity compared to numbers used in the statistic, and 2) biased estimation of
the true mean value (Sokal and Rohlf 1973; Atchley et al. 1978). Thesze com-
plications do not occur with Z data obtained from binomial or multinomial
populations, nor with true Integrative measures such as means or summations.
Green (1979, p. 105) writes, "There is no need to use vatios . . . because
other analysis appreaches will accomplish what ratios are supposed to and
usually do not."

Because of all these considerations, we now treat mean log trip times
and their standard deviations as possible dependent variables, and the same
parameters measured in the control run as independent variables in multiple
linear regression analysis.

THE USE OF REPLICATE DATA FOR INDIVIDUALS

The compariscon of mean trip times measured for cone individual in one
test is a method of testing the significance of its behavioral modificationm.
For Gammcrus lacustrie, we found the t-test to be the most sensitive indica-
tor of differences in mean trip times. The Kolmogorov-Smirnov test used for
trip time comparison by Sprague (1964} appears to be less sengitive. It showed
gignificant differences (o = 0.05) for only 76% of comparisocns shown to be
significantly different with the t-test. These results are supported by
theoretical results described by Capon (1965) who calculated that the K-S
test is 63.7% as efficient as the t-test for normally distributed data. t-test
comparisons of mean log trip times are similarly more sensitive than the Kolmo-
gorov-5Smirnov test.

Slower individuals of (Coregonus clupeaformis tested for a fixed lenth
of time deviate from the mean responses (measured as Z time or mean trip
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time) more often, and to & larger extent, than faster individuals. The logit
and logarithmic transformations do not remove these deviations satisfactorily.
These deviations occur because Lhe response measurement is less precise for
slower animals for two reasons: 1) fewer trips are measured in each end in

a fixed length of time, and 2) the numher of trips measured in each end are
less likely to be equal. Such deviations do not exist for Cammarus lacustris
tested for a fixed number of trips, rather than for a fixed time. Perhaps
the two species should net be compared; however, it seems reasonable that all
individuals of any test species should be measured with the same precision.
We suggest that all individuals be tested for the same number of trips into
each end. Of course, if there is a complete breakdown of the hehavior pat-
tern one is measuring {(i.e. an animal stops moving back and forth), cone is
observing an independent response with 100% significance, and statistics are
not needed to show the significance of this response.

AN EXAMPLE WITH SEVERAL IMPROVEMENTS

Table 1 shows the progressive improvement in the predictive capacity
of regression equations describing a response after implementation of sug-
gested changes. All equations were obrained by stepwise multiple linear
regression analysis as described by Draper and Smith (1966). All squares

Table 1. »° values from multiple linear regression equations using Gomnarus
lacustris exposed to copper at various pH values. All chemical
parameters except pH are log-transformed. The control variables
are the same measurement as the dependent variable, but obtained
during a control run for each individual. Omitted values mean
that not all variables have a significant (w = 0.03) F-value for
inclusion {(n = 106).

Independent Dependent Variables
Variables
logit 7 time log mean trip time
in toxicant
_+.+
ca 0.046 (Cu' ) - 0.167
0.132 (Cut™ and (Cu™ %)
Cu++, Control 0.414
++
Cu , CuOH,, pH, control G3.332 0.429
(8 terms in equation) (3 terms; CuOH: not
ineluded)
_l_i_
Cu , CuQH,, pH, control 0.500 0,581
control activity level (15 terms) (3 terms; CuOH: not
(i.e., mean control trip included)

time)
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and cross-products of the variables of interest were considered. All equa-
tions except those for the most complex model were obtained by incorpora-
ting variables needed for the comparison if they had a significant F-value
for inclusion into the egquations. The most complex equations were cbtained
by backward elimination. Only functional relationships, rather than final
eguations, are presented in Table 1,

Gammarus Lacustris was tested in water of different pH values, and with
copper entering one end of the trough during the test run. The speciation
of copper and other compounds in our water was estimated in a computer pro-
gramme designed by R, Wagemann of the Freshwater Institute. This experi-
ment will be presented in detail in another publication.

The better predictive capacity of equations using log mean trip time
rather than logit % time in the toxicant end as the dependent variable is
evident (Table 1). All »* values in the "logit % time" column are smaller
than analogous ones in the "log mean trip time” column. Even the simplest
relationship of log mean trip time ws Cu (r* = 0.167 and 0.046, respec-
tively). The equation of logit % time we all significantly incorporated
forms of Cu™tis curvilinear (r? = G.132), while that of log mean trip time
is a straight line with a higher degree of correlation (r? = 0.167). The
incorporation of the suitable control statistic improves only the equation
with log mean trip time as the dependent variable (»? = 0.414), but not that
with leglit 7 time. The control logit 7 time measure, however, is incorporated
into the analysis after the chemical variables are entered (»” = 0.332). The
analogous equation with log mean trip times has a higher predictive capacity
(r® = 0.429). As expected, the variable "mean control trip time" improves
the predictive capacity of the logit % time model (»® = 0.500), demonstrating
the importance of initial activity levels to the response to the toxicant.
The fact that the control response at the toxicant end is important to both
models demonstrates that the initial bias for the end later containing the

toxicant persists to some extent.

One compound (CuOHz) is not significantly incorporated into the analy-
ses with log mean trip times as the dependent variable, thus producing sim-
pler equations for interactions than with the use of logit 7 time. The cor-
relation between logit % time and CuOH: may be a spuriocus one typically pro-
duced by using ratios as dependent variables (Atchley et al., 1976).

The simplest and more traditional analysis of logit % time ve log concen-
tration yields only a marginally significant correlation (r* = 0.046, o
0.05). The most complex analysis produces a model with a high predictive
capacity (rz = {.581, F= 17.7, o < (0.05), and a plausible explanation for

the varying preference and avoidance of copper.

THE ANALYSITS OF UNDERLYING RESPONSE ELEMENTS

Specific response elements such azs swimming speeds, depth of penetra-
tion into an end, or time spent immobile in an end, not necegsarily related
to overall temporal changes, may change in response to a toxicant. The
change in these elements Is particularly obvious in fish (e.g. Lawrence

and Scherer 1974).
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The combined results of two experiments testing Cloregonus clupeaformis
response to methoxychlor are presented in Table 2. In one experiment, each
animal was exposed to incressing concentrations of methoxychlor, and in the
other, to the same concentrations, but in decreasing order of concentration.
Control measurements were made for each animal before being exposed to all
concentrations of toxicant. The data are in a preliminary state of analysis
and are presented only to demonstrate several peints. The statistical methods
are as described in the previous section except that squares and crossg-products
were not considered for incorporating into equations.

The transformed value of % time is most highly correlated with methoxy-
chlor concentration (r® = 0.407), while the two components which comprise
this measure, the trip times into both ends, are significantly, but margi-
naily {a < 0.05) correlated with concentration (r° = 0.078, toxicant end;

»* = 0,162, non-toxicant end). Simple correlations of trip times with toxi-
cant levels have approximately the same »° values as those in the Gammarus
lacustris data (Table 1), suggesting that trip times could be used for these

data as effectively as for (. lacustric data.

Four response elements significantly correlated with toxicant concen-
trations (exit speed, »? = 0.358; entrance speed, r° = 0.284; distance into
toxicant, »° = 0,211; distance into toxicant-free water, »* = 0.070) (Table
2). These elements are often not highly correlated with each other, sugges-
ting that perhaps individuals,may use only one of several possible aveidance
or preference strategies, or use different strategies in different toxicant
ranges. It would also be of interest to determine whether true control
measurements for individuals could improve the described responses.

The time elapsed between the control and toxicant runs is important
to several responses (Table 2); animals apparently slow down with time in
both experiments. These are changes which, in one experiment only, cannot
be separated from changes occurring in response to the toxicant. Because
of this, we suggest that each animal be tested only at cone toxicant concen-
tration.

Table 2. »° wvalues from various multiple linear regression equations obtained
from two experiments using whitefish exposed to methoxyvchlor., "time'
is the time elapsad between the beginning of the contrcl run and the
beginning of the toxicant run. Omitted values mean that not all vari-

ables have a significant F-value for inclusion (n = 93) (tt = mean

trip time.
Independent Dependent Variables
variables
Transformed Components
% Time
(angular) tt toxicant  tt mon~ioxicant exit speed entrance distance distance Into
from spead into into toxicant-free
toxicant toxicant toxicant water
log Conc. 0.407 0.078 0.162 0.211 0.070
Control G.338 0.284 0.047
log Conc, & Control 0.426 1.25%
log Conc. & time 0.092 0.192 G.329
leg Conc. & Control 0.207 0.340

& time
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SUMMARY

The improvements suggested here can be implemented in their simplest
forms for the analysis of existing data with limited measurements, or in
combination to analyze data from well-planned experiments to vield models
with maximum predictive capacity. No doubt, most situations will require
an intermediate analysis, the details of which will depend on the objectives
of the experiment and the type of results obtained.
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BEHAVIORAL REACTIONS OF WHITEFISH (Coregonus c¢lupeaformis)
TO FOOD EXTRACT: AN APPLICATION TO SUBLETHAL TOXICITY BIOQASSAY

R. Kamchen and T.J. Hara
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KAMCHEN, R. and T.J. HARA 1980 Behavioral reactions of whitefish (Coregonus
elupeaformis) to food extract: an application to sublethal toxicity bio-
assay. Can. Tech. Rep. Fish. Aquat. Sci. 975: 182-191.

The behavioral reactions of lake whitefish (Coregonus clupeaformis) to
food extract prepared from dried pellets were studied using an avoidance-
preference trough. Whitefish showed significant preference (attraction) for
food extract at the concentration of 0.2 g/L. The preference reaction was
eliminated after the nares of fish were cauterized, indicating that the reaction
was mediated through olfaction. A significant reduction in the preference was
demonstrated in fish exposed to HgCl, at .05 mg/L (1.8 x 107'M) for 1 to 2
weeks., Whitefish did not avoid sublethal concentrations of HgCl,; when their
direct response to this chemical was tested. Based on these findings, methods
of applying the observed preference behavior to sublethal bioassays for aquatic
toxicants are discussed.

Key words: Avoidance-preference; mercury; olfaction; sublethal exposure

KAMCHEN, R. and T.J. HARA 1980 Behavioral reactions of whitefish (Coregownue
clupeaformis) to food extract: an application to sublethal toxicity bio-
assay. Can. Tech. Rep. Fish. Aquat. Sci. 975: 182~191.

Nous avons étudié le comportement de grands corégones (Joregonus
clupeaformis) devant un concentr? de nourriture préparé 3 partir de boulettes
séchées, utilisant une auge d'évitement-préférence. Les poissons montrent une
préférence marqude (attraction) pour 1'extrait & la concentration de 0.2 g/L.
Cette réaction dépend du sens de l'odorat puisqu'elle est éliminée aprés
caut@risation des narines des poissons. Chez des sujets exposés 4 HgCls 3 une
concentration de 0.05 mg/L (1.8 x 107'M) durant 1 & 2 semaines, il vy a
diminution significative de la préférence. Dans des expériences congues pour
tester leur réaction directe, les grands corégones n'@vitérent pas des
concentrations subl&tales de HgCl;. Nous examinons en fonction de ces résultats
diverses méthodes d'application du comportement de préférence observé a des
analyses biologiques sublétales de toxiques aquatiques.
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INTRODUCTION

Avoidance-preference tests have attracted some interest in investigators
engaged in the development of sublethal biocassavs for aquatic toxicants. How-
ever, little or no investigation has been attempted to demonstrate whether
these tests are in fact expedient in texicity testing.

Avoidance-preference tests per se monitor the ability of the test organism
to detect the presence of a chemical, whether toxic or non-toxic, and to res-
pond teo the chemical by moving into or away from it. The degree of toxicity
and the aveidance level of toxicants are not alwavs correlated, and many toxi-
cants are not avoided at concentrations exceeding the lethal level. In fact
some instances of attraction at lethal concentrations are reported {(Sprague
and Drury 1969; Hara and Thompson 1978; Hara 1980). The relevance of these
tests to toxicitvy testing is thus restricted to determine (1) whether the
organism can detect a toxicant, and {(Z) if so, whether preference for the
toxicant will render it more hazardous, or whether avoidance mav provide a
chance for escape {(Scherer 1977).

The alteration of a known behavioral reaction by a toxicant to a non-toxic
stimulus has been suggested to be used as a measure for sublethal effects
{Scherer 1977; Maciorowski et al. 1977). TFeeding behavior of fish is an
exampie. In many species, feeding behavior may be stimulated by variocus chemi-
cal components in foods and is a complicated process of successive individual
behavicral components such as detection and attraction (Hara 1971). Olfaction
is the major sensory channel for the detection of chemical signals (Hara 1975).
Since the oclfactory receptors are directly exposed to the environment, man-
made alterations in the water quality could easily interfere with their func-
tioning, and a breakdown in communications between fish and environment may
consequently result.

In the present paper, methods to monitor and standardize behavioral
reactions of fish to food extract with the use of a conventional avoidance-
preference trough ave described. Based on the toxicity data obtained using
EgCls, possible applicatien of the method to sublethal toxicity biocassay is
further discussed.

EXPERTMENTAL
PROCEDURES OF BEHAVIORAL TESTS
Aveotdance~Freference Reaciions

The behavioral reactions of lake whitefish (Coregonus clupeaformis), 12-17
crt in body length, were tested in a avoidance-preference trough similar to that
described by Scherer and Nowak (1973). The testing procedures used were des-
cribed by Hara (1980) and are essentially as follows. Water flowed into each end
of the trough and out at the center. By adjusting the flow rate, a distinct
separation ar the center bhetween the two beodies of water could be attained.

The testing procedure included a 5 min acclimation peried, a 5 min control run

with clean water in both halves, and a 5 min fest run with a chemical introduced
on one end. The avoldance-preference reactions were measured by calculating the
ratio of the amount of time a fish spent in treated water to that in clean water.
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Time responses over 50% were considered to be preference while time responses
less than 50% were considered to be avoidance. Test sclutions were introduced
into either side at random.

Movement of fish from end to end of the trough under normal conditions is
a prerequisite of this type of test. More than 80% of the total fish placed in
the trough swam consistently, though variable in speed, and only those fish were
used in the present study. Because the first experience of the chemical by fish
affected their subsequent responses, each fish was tested onlvy once at one con-
centration. Rainbow trout (Salmo gairdneri) were also tested for behavioral
regponses to chemicals in the trough. They swam actively but inconsistently
and therefore were less suitable for the test.

Locomotor Activity

The locomotor or swimming activity of whitefish in the avoidance-preference
trough was uniform and showed individual consistent rates for end-to-end motions
during the control run. Upon encountering an introduced chemical, however, their
activities tended to change by showing altered swimming rates, and sudden stop-
pages accompanied by sharp backward movements or a stationary posture. The
change in activity was measured by registering the crossing~frequency of the
fish over the boundary between the two halves of the trough. The difference
in frequency between the control and experimental runs was expressed as either
percent increase or decrease in activity.

Preparation of Food Bxtract

Food extracts were prepared daily from commercial food pellets (Silver
Cup Trout Feed, Murray FElevators, Utah). Weighed amounts of pellets were sus-—
pended in distilled water, shaken for 3 win, and left in a refrigerator over-
night. The supernatant was used for the behavioral tests after being filtered
through a filter paper.

BEHAVIORAL REACTIONS TO FOOD EXTRACT

Control recordings with clean water in both halves of the trough indicated
no bias; the mean value of time-responses for all tests was 52.4% + 8,87 {open
square in Fig. 1). The reactions of the fish to food extract in the trough
were characterized by a nosing and exploratory behavior followed by a stationary
posture. Figure 1 illustrates the results of all tests with food extract at
varicus concentrations, with the mean responses jeined by straight lines. At
2 x 1072 g/L food extract, fish showed slight preference reactions (61.5% +
11.9%). Although the degree of preference increased gradually with an increase
in the food extract concentration, no significant preference was obtained until
the concentration reached 2 x 107! g/L, where the mean response was 81.1% + 8.3%.

As the fish became more attracted to the foed extract and spent more time
in the side containing food extract, fewer crossings cover the boundary cccurred.
This is shown as a decrease in the activity in Fig. 1.

When the nares of whitefish were cauterized using concentrated nitric acid
solutions, the behavioral reactions to food extract previously shown in normal
fish were eliminated., WNo preference or avoidance behavior nor a significant
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change in activity was measured (Fig. 1). The results indicate the reactions to
food extract were mediated through the oifactory system.

EFFECTS OF MERCURY ON THE BEBAVIORAL REACTIONS

Reactions to Mevcury (HgCli)

The direct behavicral reactions of whitefish to mercury were biphasic,
avoidance at low (1.8 x 10”7 and 1.0 x 107°M) and high (1.0 and 2.5 x 10—"%)
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Figure 2. Behavioral reactions of whitefish te HgCl, solutionms. Open sguare
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concentrations and preference at the intermediate (1 x 107%M). However, at
all except extremely high concentrations, reactions were not significant undexr
the present experimental conditicns (Fig. 2). Thus, using the avoidance-

preference test method, no evidence was found which indicated that whitefish
could detect mercury at sublethal levels.

Effects of Mercury on the Behavioral Reactions

It has been reported that the olfactory responses of fish to chemical stimuli
are inhibited by perfusing water containing sublethal levels of mercury through
the olfactory organ (Hara et al. 1976; Thompson and Hara 1977). Furthermore,
chemical analyses have revealed that when whitefish were exposed to water con-
taining low concentrations (0.01 and 0.05 mg/L) of mercury, the olfactory rosettes
accurmulated this metal rvapidly. Accumulation factors of 800 and 4000, respec—
tively, were estimated after a 2 week exposure (Fig. 3).

In order to investigate a possible effect of mercury on the behavioral
reactions, a group of whitefish were exposed to 0.05 mg/L (1.8 x 1077M) HgCl,
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for 1 to 2 weeks, and tested for their responses to food extract using the
methed described above. The tests showed greatly reduced behavioral reactions
to food extract; no significent preference was cbserved at any of the concen-
trations tested (Fig. 4). Also, no significant change in the activity was
recorded.

ELECTROPHYSIOLOGICAL CORRELATES
Olfactory Bulbar Electrical Responses to Food Exiracts

The behavioral studies above have shown that the reactions to food extract
are mediated through the olfactory system. The involvement of olfacticen in
the reaction was further investigated electrophysiologically by recording the
electrical activities in the olfactory bulb when the nares were infused with
food extract (for details, see Harva 1977). The olfactory bulbar response has
been widely adopted as one of the most sensitive monitors of clfactory response
of the brain in vertebrates (Hara 1973).

Figure 5 shows a relationship between the magnitude of the bulbar response
and the concentration of food extract. The threshold concentration for the
electrophysiclogical response, 1 x 104 g/L, was found to be approximately
100 times lower than that for the behavioral response (see Fig. 1).

Inkibition of the Bulbar Respomse by Mercury

Using essentially the same method described by Hara et al. (1976), the
effects of mercury on the olfactoery bulbar responses te a standard stimulant,
1 x 107°M L-serine or 5 x 107% g/L food extract, were examined. The bulbar
responses were inhibited by a 10 min perfusion of the nares with 1077 to 1075M
HgCl; solution; the higher the concentration, the greater the inhibition (Fig.
6). Essentially similar results were obtained using L-serine as the standard
stimulant. An accumulative effect of longer exposure to mercury is likely,
since the inhibition due to the chemical appears to be irreversible (Fig. 6).

DISCUSSION

The present study has established that by using a conventional avoidance-
preference trough, statistically significant preference reactions to proper
concentrations of food extract can be monitored and standardized. These
reactions may be significantly altered in whitefish by a one to two week expo-
sure to a sublethal concentration of mercury. However, the same and higher
concentrations of the toxicant produced no significantly altered response on
the fish using the avoidance-preference test. The role of olfaction in the
reactions has been investigated, and it appears that the olfactory organs may
be the mediators of the reactions to food extract and therefore, the organs
may have been affected by the toxicant. These results indicate that this par-—
ticular series of tests may be appropriate fer application to a sublethal toxi-
city test.

Using the behavicral tests with food-extract, two types of texicity bio-
assay can be designed: (1) as in the case of the HgCl, exposure experiment
in the present study, behavicoral responses can be compared between two groups
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of fish, one control and the other pretreatred with test chemicals of varving
concentrarions and time periods, and (Z) food extract and test chemicals can
be simultanecusly introduced into one end of the avoidance-preference trough.
The latter type of test proposed is essentially the same as those reported by
Meleese (1973, 1974, 1975), who investigated the effects of copper, fenitrothion,
and bleached kraft mill effluent on olfactory responses to phercmone and food
extract in American lobster (Homarus omericarius). This method may be only
applicable to those chemicals, such as copper and mercury, whose affinity to
bhiological membranes is extremely high, and should therefore produce satis-
factory results (McLeese 1975; Hara et al. 1976; Fig. 6). For most chemicals
including insecticides such as fenitrothion whose target organ is assumed to
be within the central nervous system, the former methed is more applicable.
In both tvpes of tests the threshold concentration for the toxicity of a test
chemical could be extrapolated from the percent inhibition data obtained from
testings at more than one concentration of the toxicant.

The test method presented in this study may be applied to other fish
species and toxiants as a measure of toxicant-altered responses to sub-lethal
toxicity bioassay. The threshold concentration obtained for foed extract,
though reasonably low, could be improved In future tests if, for example,
natural food materials for food species were used instead of commercial food
pellets. Also, other biologicaliy-relevant agents can be used as stimuli to
induce behavicral reactions in an organism. It is dImportant to note though,
that not all chemical information perceived are integrated in the central ner-
vous system to result in observable behavioral changes.
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A STATISTICAL CORRELATION BETWEEN AN INFILTRATIVE HYALINOCYTIC CONDITION IN A
MARINE BIVALVE MOLLUSK AND SEDIMENT LEVELS OF POLYCYCLIC AROMATIC HYDROCARBOKS
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CRETNEY, W.J., C.3. WONG, D.,A, BROWN, W.A, HEATH, K,A. THOMPSON and B.R. FOWLER
1980 A statistical correlation between an infiltrative hyalinocytic
condition in a marine bivalve mollusk and sediment levels of polycyelic
aromatic hydrocarbons. Can. Tech. Rep. Fish. Aquat. Sci. §75: 192-203.

Histclogical examination of bivalve mollusks from Kitimat harbour and its
approaches in northern B.C. reveals the presence of a condition in many
animals involving extensive infiltration of tissue by hyalinocytes. The
incidence of the condition in the mussel, Mytilus edulis, correlates positively
with the benthic sediment levels of polyeyelic aromatic hydrocarbons (PAHs),
although there is no evidence as yet to infer whether the correlation is causal
or coincidental. Cytological examination of the hyalinocytes indicates that
they are normal.

Kevy words: Histopathology; mussel healthj carcinogenesis

CRETNEY, W.J., C.S5. WONG, D.A. BROWN, W.A., HEATH, K.A. THOMPSON and B.R. FOWLER
1980 A statistical correlation between an infiltrative hvalinocytic
condition in a marine bivalve mollusk and sediment levels of pelyeyclice
aromatic hydrocarbons. <Can. Tech. Rep. Fish. Aquat. Sci. 975: 192-203,

Un examen histologique de mollusques bivalves du port de Kitimat et de ses
approches en Colombie-Britannique septentrionale indique la présence, chez
plusieurs sujets, d'une condition caract@risée par une importante infiltration
du tissu par des hyalinocytes. Il v a corrélation positive entre 1'occurrence
de cette condition dans la moule, Mytzlus edulis, et les niveaux d'hydrates de
carbone aromatiques polycycliques (PAH) du sédiment benthique. On ne peut
toytefois, pour le moment, décider si cette corrélation est causale ou
coincidente. L'examen cytoloegique des hyalinocytes indique qu'ils sont
NOrmaux.
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INTRODUCTION

The Kitimat area of B.C. has only recently entered the modern industrial
age. Prior to the spring of 1951, the only permanent settlement in the area
was the Haisla Indian village, Kitimaat, on the east side of Kitimat Harbour.
That spring marked a beginning of construction in the area resulting in a few
vears in the Alcan aluminum smelter and the town of Kitimat. In August 1954
the smelter commenced production. Today, the plant produces just under
300,000 metric tons of aluminum per vear and the town has grown to & population
of about 14,000, The Eurccan pulp and paper mill established in 1970 became
the second major industry of Kitimat and today there is serious talk of other
major industrial concerns leocating there. This winter, moreover, Alcan
Smelters and Chemicals Ltd., announced plans to treble the firms smelting
capacity by the construction of three new smelters,

A recent study of aluminum plants on Norwegilan fjords (Palmock 1974)
produced evidence that the plants may be a major source of PAHs in the local
marine environment. Indeed, our study of marine sedimentary hydrocarbons in
the Kitimat area implicates the aluminum plant there as a major chronic source
of environmental PAHs (Cretney et a1, in prep.). The hydrocarbon distribution
in dated cores indicates that there has been a more than two orders of
magnitude increase in the concentration of PAHs in sediments of Kitimat Harbour
since the middle of this century, paralleling a similar increase of PAH
concentration in benthic surficial sediments between remote and harbour sites,

Because of the large PAH gradient, the Kitimat area is a potentially
good natural laboratory in which to study the biological effects of PAR
pollution, provided of course that such effects can eventually be distinguished
from the effects of natural stresses and other pollutants. The last consider~
ation prompted us to initiate a study of Alberni Inlet and will lead us to
study a suitably pristine inlet as well. Alberni Inlet was chosen for
comparison because Port Alberni at its head has a similar population as
Kitimat, a large pulp and paper mill, but ne aluminum smelter. The blue
mussel, Mytilus edulis, was chosen as the principal study organism because of
its role in the International Mussel Watch program (Goldberg in press) and
also because of reports of putative neoplastic lesions in mavine bivalve
mollusks (Farley 1976% Mix et al., 1977),particularly theose reports of
lesions in bivalves from petroleum oil (a source of PAHs) spill sites
(Barry and Yevich 1975; Brown et al., 1977; Yevich and Barszcz 1977).
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METHODS
BIVALVE COLLECTION

In the Kitimat study area samples of mussels (Mytilus edulis) and/or
clams (Macoma inconspicuc) were collected from shore sites near regular
oceanographic stations in Kitimat Arm, Douglas Channel, Kitkiata Inlet and
Wright Sound., In the Port Alberni study area Myiilue edulis samples were
obtained from Christie Bay and the mouth of Uchucklesit Inlet at the entrance
to Alberni Inlet and at intervals along the inlet shore up to Port Alberni.
In both areas, mussels were obtained from the mid-tide level during periods
of low tide from rock and natural wood surfaces. At Alberni, however, some
mussels were also collected by diving. Mussels having about a 530 mm shell
length were collected at each gtation for histeopathological examination and
handled as described below. At the same time about 500 g of bivalves were
collected, wrapped in aluminum foil and frozen for chemical analysis.

SEDIMENT COLLECTION

A Smith-McIntyre grab sampler (Kahlsico International Corp.) was used.
This sampler provides 0.1 M? cross sectional area of relatively undisturbed
benthic surficial sediment. An aluminum ring (90 wm diam. x 50 mm deep) cut
from a can was pressed fully into the sediment surface with the 1id in place
to minimize its deformation. A broad bladed spatula was used to separate the
core at the base of the ring and 1ift the core and ring from the bulk of the
sediment. The core was transferred tco an intsct aluminum can (90 mm x 53 mm
deep) and the can's 1id was sealed in place with Teflon tape covered with
masking tape. The sealed aluminum cans were immediately transferred to a
freezer, Sediment samples were kept frozen until the time of analysis, when
they were thawed and subsampled.

PREPARATION QF TISSUE SAMPLES

The animals were maintained for 24 hours in unfiltered seawater to allow
self-cleaning of sand, mud, and other abrasives. This procedure was a pre-
caution taken to reduce problems from grit during microsectioning of the
tissue, Following flushing, the bivalves were shucked into Helly's fixative
(Barszcz and Yevich 1975), sagitally sectioned if necessary, and fixed for 8
to 24 hours depending on size; less time for smaller animals more for larger
ones. The tissues were then rinsed continuously in seawater or freshwater for
16 hours to remove excess fixative before being stored in 70% ethanol until
further processing. Sections (& um) were prepared according to Bayne et al.
{1979) and examined using a Zeiss Jena Ergaval microscope., Photomicrographs
were prepared using a Carl Zeiss Universal R microscope with camera attachment.

HISTOPATHOLOGICAL RATING OF INFILTRATIVE HYALINOCYTIC CONDITION (IHC)

Ratings for Mytilus edulis collected during February, 1979 in the
Kitimat study area were done "single blind" with the raters knowing the
sampling sites, but not the PAH levels in the tissues or nearby benthic
sediments. Ratings for all subsequently collected samples were done "double
blind". TIndices for the condition were assigned for given tissue sections
(3 per animal) using a set of integer-rated "benchmarks"™ (Table 1).




Fracticnal indices were given for tissue sections showing characteristics
intermediate to the benchmarks,

Table 1. TInteger-rated benchmark characteristics for IHC%

Rating Characteristics

no detECtableb hyalinocytesC d

high level of hyalinccytes relative te granulocytes

indication of tissue degeneration

2 as for a 1 rating, but widespread degeneration of muscle tissue,
digestive diverticula and reproduction follicles, the last in
pre~-spawn animals and distinct from natural resorption in
post—gpawn animals

3 as for a 2 rating, but massive degeneration and infiltration

O

animals considered to exhibit the condition were those for which the THC
index was > 1. b ip only one animal were no hyalinocytes observed in any of
the 3 sections. © hyalinocytes (4.5=6 um diam.) have 2 small amount of
basophilic cyteplasm, enlarged covoid nucleus, pale granulated or non-granulated
nucleoplasm and visible nucleoli, d granulocytes (8-11 um diam.) have a small
intensely coloured blue (basophilic) nucleus and orange-red {eosinophilic)
granular cytoplasm,

PAH ANALYSIS

PAHs in tissues and sediments were analysed by GC/MS/MIM according to
procedures described in detail elsewhere (Wong et al., 1976; Cretney et al,
1980). 1In the case of the sediment analyses, a modification cof the method
was made in which each isooctane wash of the sediment sample was carried ocut at
reflux remperature with stirring. Also, 2 3,05 mx 2,0 mm i.d, silanized glass
column packed with 2.3% Dexsil 300 on Chromesorb W(AW), and, more recently,
with 3.1% Dexsil 300 on Chromosorb 750 was used in the GC/MS /MIM system,

Silyl 8 was used as necessary to eliminate chemisorptive broadening of peaks
from individual PAHs in amounts of about 1 ng. The meoisture content of
sediments was determined as the weight loss on drying to constant weight in
a forced air oven at B0~ (.

RESULTS

Of the bivalve populations studied (Table 2), these from inside Kitimat
Harbour, the limit of which is about 4 km south of sampling site L on
Markland Point, show the highest incidence of the infiltrative hyalinoccytic
condition., This condition is characterized by the presence of high numbers
of hyalinocytes (Figures la and lc) and tissue degeneration in affected animals
compared to unaffected animals. Reduction in the number of muscle bundles
is observed in animals having a large number of infiltrative hyalinocytes
(cf., Figure la and 1b) and is likely reflected in the ease with which many
animals from affected populations can be shucked. Infiltration of digestive
diverticula by granulocvtes occurs in mussels in Alberni Inlet (Figure 1d}.
This infiltration by granulocytes is concommitant with the degeneration of the




Table 2. Sampling periods and locations, THC indices of bivalve mollusks, and benz(a)anthracene group
concentration in sediments,

X b
Distance from

961

Bivalveinearbya inlet head Mean I[HC Index SR[n]d 7 with THC BaA group g
sediment lsites Location (km) ,bivalve” February®© April/July (Feb, ,Apr./July) conc.{(pg/kg)
Kitimat Area:
Al6] Gil Isle.N. tip 88 ,m 0.45%0,04 {251 0,41+0.070257 99
Fi{71 Gertrude Point 58,m n,d. 0.6720,07[171 2 148
GglcTn 6,71 Hawkesbury Isle. 48,m 0,51%20.041257 n.d, . 171
L[8,G-16] Markland Point 20,m 1.2940,12125] n.d, o 587
MIG-161 Bish Creek, S.side l4,m 0.9920.09125] n.d, . 780
N[G-9] Kitimat Arm, W. side 8,m 0.80%+0,061{25] 0.91%£0.05[25] 1037
0 [G-1] Kitimat Arm, W, side l,m 0.73%0,051251 0.9820,061(25] 1402
X3110-21 Minette Bay, E. side O,m n.d. 0.76x0.07[24] n.d.; 33 405
PiG-4] N, of Wathl Creek 2,m 0,74£0.06[251 n.d. 16, n.d, 288
X4 iG-41 At Wathl Creek 2,m n.d. 0.86:0,06[241] 25 288
FI71] Gertrude Point 58,c n.d, 0.33£0.061[12] 0 148
¥1§10-1,6~21 near Alcan dock -1,¢ n.d. 0.67+0.08[29] 21 1063
X2[(6~2,6-3] E. of Eurocan dock O,c n,d. 1.0420.121(29] 45 475
X5110-1 1 S. of Alcan dock 0,c . d. 0.87+0,121291 28 1250
Port Alberni Area:
1111 Christie Bay 44 ym n.d,. 0.26+0,03[25] n.d., 0 78
2 (21 Brookby Point 32,m n.d. 0.16+0,0L[25] Nodasy O 85
3831 Nahmint Bay, S. side 21,m n.d. 0.18£0,011{25] n,d., 0O 75
4151 S. of Underwood Cove 11,m nyd. 0,2710.01125] n.d., 0 n.d.
5.5[6] Stamp narrows W. side 6,m n.d. 0,37+0,01125] n,d., 0 78
716,71} W. Alberni Inlet 4om n.d, 0.2320.01125] n.d., O 108
8171} Polly Point Z2,m n.d. 0.26+0.01125] n.d., O 138

Separation of bivalve and sediment samplingbstations varies from a few hundred meters in harbour area to
several kilometers in some distant stations. Straight line distance. © m=mussel, c=clam. d §,E.=standard
error, n=number of animals examined from station. © All bivalves were sampled in 1979. £ Clams and mussels in
Kitimat area were sampled in April; mussels in Port Alberni area, in July. & mean conc, (dry wt.) for equidistant
sediment samples or for samples taken at same site on different cruises; in the latter case, mean rel,standard

dev. = 0.41 for 9 stations sampled June, October, 1978 and also February, 1979; rel.standard dev, = 0.07 for
a well homogenized sediment sample. n,d. = not determined,
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Figure 1. {(a) normal muscle tissue from a mussel collected at site A in
February, 1979. 1IEC index 0.2, 193X, {(b) hyalinocyte infiltrated muscle
tissue from a mussel cellected at site L in February, 1979, ITHC index 3.0.
193%X. (¢) another muscle tissue section from same animal as in (b). IHC
index 3.0. 772X. (d4d) granulocytes in a digestive diverticulum of a mussel
collected at site 5.5, IHC index 0.7. 772X,
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Figure 2. Relationship between benz(a)anthracene group concentrations in
mussels (collected in February, 19792) and sediments in the Kitimat study area.
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ciliated columnar epithelium of the digestive diverticula. The degeneration

of the digestive diverticula in mussels from Kitimat Harbour is histopatho=-
logically similayr, with the infiltrative hemocytes being hyvalinceytes rather
than granulocytes. A similar contrast is observed in the nature c¢f reproductive
degeneration between post spawn, site A and pre~spawn, harbour populations

in the Kitimat study arvea sampled in April 1979, Degeneration of reproductive
follicles and remaining unspawned gametes from unspent follicles in post spawn
animals is associated with granulocytes, The reproductive degeneration in
unspawned, harbour populations is asscciated with the presence of hyalinccytes.
Lack of space precludes a more detailed histopathological report and a broader
analysis of the relationship between mussel condition and natural cor anthropo-
genic stressors in the study areas. Our mussel health survey has included an
assessment of a number of factors such as population size and average individual
size, reproductive stage and degeneration, digestive transformation and
degeneration, myodegeneration, nutritive state, parasitism, dnfiltration by
hyalinoeytes and granulocytes, water temperature and salinity, and probable
gsources and kinds of pollutants (Brown et al., in prep.; Cretney et al. in

prep.).

The similarity between the trends in the values of the mean THC indices
for different mussel populations and the concentrations of PAHs in nearby
benthic sediments (Table 2) led us to examine the possibility that the two
parameters were statistically correlated., 1In Figure 3 the mean IHC index
values are plotted as a function of the sediment concentrations of the benz(a)
anthracene group of PAlls, which consists of isomers such as chrysene., The
plot indicates that the parameters are correlated. Since the sediment PAH
values are heteroscedastic, having approximately constant relative standard
deviations, and the values of the THC indices for individual mussels from a
given population appear not to be normally distributed (Cretney et al, in
prep.), 4 non parametric correlation method seems appropriate. The Spearman
rank correlation method (Zar 1974) gives a rank correlation coefficient, ro.
of 0.842 (p < 0.001) for all the data in Figure 3. 1If the Alberni Inlet
stations are omitted from the correlation, rg = 0.648 (p = 0.02) with a
correspondingly higher, though still low, probability of erreor in rejecting
the proposition that the THC indices and benz(a)anthracene group concentrations
are not correlated,

The plot in Figure 3 presumably could be fitted using a2 polynomial or
some non-linear (asymptotic regression) model, Nevertheless, because of
the heteroscedasticity in the data the plot does not provide a true picture,
tending to overemphasize the importance of points having high THC index and
PAH concentration that are known with less precision., 1In this regard it is
noteworthy that the Spearman rank correlation ceoefficient increases only
marginally to 0.836 (p < 0.001) on leaving out the dats for stations M, N,
and 0., Nevertheless, a plot of the log transformed data, which is probably
statistically more appropriate (Eberhardt 1976), indicates that the levelling
off in the IHC dindex for the wegt-side harbour mussels may be real. Additional
work is planned to broaden the data base, both seasonally and geographically,
to corroborate the findings so far, particularly with respect to the levelling
off in the THC index at higher concentrations of PAHs,

Although only a small number of mussels have been analysed up to the
present, the possibility of a correlation between tissue and sediment
concentrations of PAHs has been examined. The benz{a)anthracene group
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concentration in tissue from mussels collected in February 1979 is plotted as
a function of the benz(a)anthracene group concentration in nearby benthic
sediments in Figure 2. A correlation coefficient of 0.907 (p < 0.005) is
obtained for the untransformed data and a correlation coefficient of 0.957

(p < 0.001), for the log transformed data. Dunn (1979) has reported a similar
correlation between mussel tissue and sediment concentration of henzo{a)pyrene.

DISCISSION

While recognizing the preliminary nature of the evidence gathered so far,
some speculation can be made regarding the processes that might be governing
the correlations presented above, The approximately linear portion of the
plet (indicated by the oblique straight line) suggests a possible direct
relationship between the THC indices and the PAH concentrations up to a limir,
With regard to the apparent levelling off in the IHC index with increasing
PAH concentration, a number of potential explanations present themselves, The
most attractive explanation to us at present would have the mussels with the
infiltrative hyalinocytic condition succumbing at a faster rate than those
without the condition because of the toxicity of the PAHs where their sediment—
ary concentrations are highest along the west side of the ianer harbour
(sites M, N, and 0) or because of the toxicity of associated chemicals
{eg., fluorides). In this regard, however, any stress affecting the inner
harbour that is either absent outside it or not severe enough to have an
observable effect could account for the apparent phencomenon through selective
removal of animals with the condition, $Since the animals that display the
condition (IHC index > 1) by definition (Table 1) are in poorer health than
those that do not, it does not seem unreasonable to expect them to be less
resistant to stress. Alternatively, the west side, inner harbour populations
may be genetically more resistant to developing the condition. If an
infectious agent is involved, the west side inner harbour sites may be less
conducive to its development, If chemical agents are involved, photooxidation
or similar processes may increase the potency of the mixture by generating
new compounds or removing antitoxins, with an effectiveness that counters the
dilution that occurs with distance from the source. Clearly, a number of
possible explanations exist and those presented here are admittedly biased
by our desire to establish a link, if cone exists, between the infiltrative
hyalinocytic condition and pollutants, particularly PAHs, in the study area.

The high correlation between the mussel tissue concentrations of PAHs
and the sediment concentrations in our view is a consequence of there being
a chronic point source of highly concentrated PAHs on suspended particles.
As in the case of mussels and benthic sediments, a steep gradient in the PAH
concentration of unfiltered seawater is observed between stations inside and
outside of the harbour {Cretney et al., in prep.). Both the mussels, which are
filter feeders,and the sediments receive PAHs from the common pool of PAH
containing suspended particulates. The steep gradient in the seawater
concentration of PAHs thus results directly in a steep gradient in the
concentration of PAHs in benthic sediments and mussels., The high correlation
results from there being a sufficiently large range of concentrations
attributable to the gradient to minimize the effect of local differences in
such factors as rate of uptake, partitioning, and rate of depuration in
mussels collected at the same time of year and dilution of the highly
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concentrated PAH containing particulates with less concentrated PAH
containing particulates from other sources.

The infiltrative cells involved in the condition described in this
paper appear to be normal hyalinocytes (immature hemocytes). Since no
mitotic figures have been observed, the hyalinocytes do not appear to be
proliferating in the infiltrated tissues where they are seen in elevated
numbers, Since the hyalinocytes are neither atypical nor actively mitotic,
the condition does not meet the criteria (Pauley 1969) of molluscan neo-
plasia. 1In this regard the condition is distinct from the putative neo-
plastic conditions reported by Yevich and Barszcz (1977), Brown et al. (1977),
Mix et al. (1977, 1979) and Lowe and Moore (1978), The condition does resemble
however, an epizootic disease found in clams, Mya areraria, cellected in
Umpqua Bay, Oregon (Farley 1976). TFarley characterized that disease as
appearing ... to be similar to the leukemoid response seen in mammals ...{(and)
... associated with the presence of small, difficult to see, protistan
parasites." The Kitimat bivalve condition does not appear to be associated
with such parasites, but the possibility that it is simply a normal inflamma-
tory response to an infectious agent (Bayne et al, 1979), or a chemical one
for that matter, cannot be ruled out. The presence of an infectious agent,
however, would not necessarily preclude the possibility of some involvement
of environmental contaminants., Conceivably,for example, the infectious agent
could act as a cocarcinogen (Bingham et al. 1976; Stich et al, 1977; Jarret
et al. 1978) with certain PAHs,

The correlation reported here between the infiltrative hyalinocytic
condirion in mussels and PAHs in sediments, it must be emphasized, is purely
statistical. No cause and effect relationship is claimed or implied. It is
our Iintent for the near future to characterize the condition more fully by
using additional histopathological techniques such as electron microscopy
and verify the correlation by gathering more information on the seasonal and
geographic variability of the condition and tissue concentrations of PAHs.
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MONTTORING ENVIRCNMENTAL CONTAMINATION FROM
CELOROPHENOIL CONTAMINATED WASTES GENERATED IN
THE WOOD PRESERVATION INDUSTRY

2
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North Vancouver, B.C., V7P 2R4
7
T QCan Test Ltd., 16530 Pandera Street,
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VIGERS, G.A., and A. MAYNARD 1%80 Monitoring environmental contamination
from chlorophenol contaminated wastes generated in the wood preservation
industry. Can. Tech. Rep. Fish. Agquat. Sei. 975: 204.

An exploratory field and analytical program was undertaken to investigate
the presence and biocaccumulation of chlorophenel and chlorobenzene contaminants
from the forest industry in fresh water, estuarine, and marine biota at ten
sites on the Strait of Georgla, British Columbia. Sediments, surface waters,
and biota were sampled and analysed for chlerophenol isomers, pentachloroanisole,
and chlorinated benzenes. Commercial PCP formulations were found to be
extensively contaminated with related compounds. Livers from prickly scuipins
{(Cottus asper) and staghorn sculpins (Leptocotiue armatus) contained penta-
and tetrachlorophenol at concentrations 1~3 corders of magnitude greater than
skeletal muscle. Sculpin liver tissue exhibited preferential uptake of
pentachlorophenol with levels averaging 402 and 448 ppk respectively.

Key words: PCP; boedy burdens; bioaccumulation; forest industry

VIGERS, G.A. and A. MAYNARD 1980 Monitering envircnmental contamination
from chlerophencl contaminated wastes generated in the wood preservation
industry. Can. Tech. Rep. Fish. Aguat. Sci. 975: 204.

Un programme analytique et d'exploration sur ie terrain a &té entrepris
dans le hut d'érudier la présence ef la biocaccumulation des contaminants
chlorophénol et chlorobenzéne de 1'industrie forestiére, dans des biocoenoses
d'eatu douce, d'estuaire et de mer & dix sites du Strait of Georgia ({olombie-
Britannique). HNous avons déterming les isceméres du chlorophénel, le
pentachloroanisol, et les benzénes chlorés dans des échantillons de sédiment,
d'eau de surface et de biocoenose. Nous constatons que les FCP de commerce
sont fortement contaminés par des composés apparentés., Le foie de chabots
piquante (Cotius azper) et de chabots armés {Leptocctius armaius) contlent du
penta~ et du tétrachlorophZnol 3 des concentrations de 1-3 ordres de grandeur
plus grandes que celles du muscle du squelette. Le tissu hépatique de ces
chabots absorbe le pentachloroph&nel pilus que tout autre contaminant 3 des
niveaux moyens de 402 et 448 ug/L respectivement.
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CONTAMINANTS IN TRACE METAL ANALYSIS
A. Lutz

Department of Fisheries and Oceans, Freshwater Institute,
501 Univergity Crescent, Winnipeg, Manitoba, R3T ZN&

LUYTZ, A. 1980 Contaminants in trace metal analysis. Can. Tech. Rep. Figh.
Aquat. Seci. 975: 205-213.

In trace metal analysis on environmental samples, great care should be
exercised from sampling to final assay to prevent loss or contaminaticn, in
order to provide reliable data. A brief summary of contaminated sources which
may be encountered during trace metal analyses 1s presented.

Key words: Pollutants; tissues; water analysis (chemical); mercury; cadmium;
water f£ilters:; plastics; glassware

LUTZ, A. 1980 Contaminants in trace metal analysis. Can. Tech. Rep. Fish.
Aquat. Sci. 975: 205-213,

Si 1'on veut obtenir des données fiables dans une analyse de métaux en
traces sur des &Bchantillons prélevés dans 1l'environnement, 11 faut procéder
avec précaution, depuis 1'8chantillonnage jusqu'd 1'essai final, de fagon i
prévenir toute perte ou contamination. LTauteur régsume bridvement les sources
de contamination possible dans des analyses de métaux en traces.
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CONTAMINANTS IN TRACE METAL ANATLYSIS

There is a growing need in recent vears for the services of the
analvtical chemist, when the biologist goes afield to studv the effects of
pollucants in the environment. From initial identification and cuantitation
to tracing its pathway within the ecosvstem, the themist is faced with the
challenges of analvzing a varietv of samples: such as biological tissue,
water, and sediment, at concentrations from the ultra-trace level, to the
trace level, Trace levels are defined as milligram per kilogram {part per
million), while ultra-trace as microgram per kileogram (part mer billion).
Expressed in layman terms a part per million may be expressed in a number of
wavs:

~ one ounce of salt in 31 tons of potato chips,
- a very dry martini, one drop of vermouth in 80 “bottles" of gin,
- one inch in 15.8 miles.

A part per billion:

- one pinch of salit in 10 tons of potato chips,
-~ opne drop of vermouth in 500 "barrels’ of gin.

The concentrations of the metals to be analvzed at environmental levels
are very small indeed, consecuentlv, there is a great need for care in
sampling, storage, and preservation for valid results to be cobtained.
Sampling should be designed with the chemist in mind. In the case of water,
the hioclogist should be made aware of the contamination from sampling
containers, Moody and Lindstrom (1877), Table 1. Containers should be socaked
overnight in acid soiution and thoroughly rinsed with distilled water and
soaked in quartz distilled water. The sampling device should be free from
rubber or other contaminating material, metal components such as springs, etc.,
should be coated with Teflen, Robertson (1968).

Numevrous papers have been written on the preservaticn techniques of
water samples and perhaps the most comprehensive review to date on this
subject is by Batley and Gardner (1977).

Walls of containers often act as an ifon-exchanger therefore, trace
metals are absorbed from solution, conversely, if metals are alreadv present
they are desorbed and contaminate the sample. Consequently, the need to have
clean containers as well as some method of preventing adsorption is
accomplished by acidification to a pH 2.0 for most metals.

Decontamination of pyrex bottles usedefor mercury analvses is best
accomplished by heating in a muffie to 4530 €., for two hours. Samples are
then preserved by addition of dichromate (0.05%) as oxidant and acidified (1%},
Feidman {1974). In our laboratorv a 10 liter tap water samnle spiked with
inorganic mercury te a level of aporoximatelv 0.05 micrograms per liter, and
used as a daily control, was analvzed reveatedly for two months. The mean
value of 39 analvses was 0.058 micrograms mercurv per liter with a relative
standard deviation of 7.2%.
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Contamination may often be introduced inte the sample in other ways.
Should fiitration be necessary contamination of metals from filters is always
present, Tables 2 -~ 5, TFilters should be acid washed witrh high purity acids
and rinsed thoroughly with deouble guartz distilled water,

A source of contamination may be found in glassware during digestion
procedures, Sodium fons mav leach out and cause positive interference in
cadmium analysis when non-flame atomizers are used for atomic sbsorption
analvsis, Culver and Surles {1975}.

LEACEABLE CADMTUM FOUND TN PYREX STANDARD FLASKS

Flask Initial Cd Initial Cd
e Found, Bg .. found*, ng
A 82 1.5
: 38 09.96
¢ 26 1.3
P 49 0.30
i 50 2.1

* After soaking for 1 week im hot nitric acid, Smith (1578).

In our own laboratorv aluminum was leached from glassware during wet
digestion, resulting in high and variable blanks; the method of decomposition
was changed in faver of dry ashing in platinum crucibles. This alleviated
the problem. Similariy high blanks are obtained from glass on analysis of
boren, Green st al. (1976},

Contamination may also be introduced through the use of plastic pipette
tips, especially when analvsis is by non-flame atomization technicues. Copper
and cadmium have been known to be present as contaminants and washing with
dilute acid prior to injecting the sample has alleviated the problem, Benjamin
and Jenne {1976); Salmela and Vuori (1979).

With the advancement in electronics and carbon rod or graphite
atomization in atomic absorption, the increase in sensitivity has created more
difficulties for the analyst. More than ever before ultra pure acids and
water are necessary as well as clean metal free areas in laboratories. Hydro-
fluorig, hvdrechloric and nitric acids may be prepared in a specially designed
Teflon still, Mattinson {1972).

Thus many factors must be taken into consideration to obtain precise and
accurate results at trace and ultra-trace levels in environmental samples.
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Table 1, Impurities, Leached from Plastic Containers in One Week by (1 + 1)
HC1 (ng/cm”™) Determined by IDMS,
< |
Tefion

Elements FEP LPE CPE | PC
Pb 2 0.6 18 ; 10
Tl <1 < 0.6 3 ! 0.7
Ba 2 1 0. 3
Te 2 - 0. _
Sn 1 <1 <0 13
Cd 0.6 0.2 0. <8
Ag <5 - - -
St <1 0.2 0. 3.3
Se 0.8 0.4 <0 <0.5
Zn 4 9 1. -
Cu 6 1 0. <6
Ni 0.8 0.8 G. 0.3
Fe 16 1 1. < 49
Cr 4 0.8 0. <5
Ca 2 60 0. <16
K 1.6 1 0. <5
Mg 1.0 0.4 0. 0.8
Al 4 4 10 3
Na 2 6 42 8

Reference: Moody and Lindstrom {(1977)
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Table 2. Impurities in Various Filter Tyvpes (ag/cm2L
Glass Silver Cellulose ester Polystyrene Pélycarbona£é
fiber membrane (MF-Millipore) (Microsorban) (Nuclepore)

Al - - 10 20 6

Be 40 200 0.1 - 0.03

Cd - - 5 - < 0.06

Ca - - 260 300 6

Cr 80 60 14 2 3

Cu 20 20 40 320 3

Fe 4000 300 40 85 30

Pb 800 200 8 - < 0.06

Mg - - < 200 < 1500 6

Ni < 80 100 < 50 < 25 6

Si 7’:<;106 I. 3}(104 100 - 30

Na - - 330 90 30

Ti 800 200 5 70 3

za | 1.6x10° 10 20 515 6

Reference: Dulka and Risby (1976)
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”

Table 3. Carbon and nitrogen ceontent in different types of glass fibre filrer
before and after they were subjected to heat treatment and washing.

Type of glass fibre filter Carbon 5.D. Nitrogen 5.0.
and treatment pg/filter pe/filter

Whatman GF/C, net heat treated

not washed TE{Ly*k 19 25{4) 1 6.9
Whatman CGF/C, heat treated

not washed 24411 14 5.4{12) 1.1
Whatman GF/C, heat treated

washed 31(8) i 5.3 9.5(6) 16.3
Gelman Type A, not heat treated

not washed £9(3) £.4(3)
Gelman Type A, heat treated

not washed 20(13) 5.9 5.4(1%) i.5

Gelman Type A, heat treated

washed 36(6) 5.6 £.7(6) 1.2
Sartorius, not heat freated

not washed 255000(3) 2000{3)
Sartorius, heat treated

not washed 27(9) 2.6 4. 5(&) 2.5
Sartorius, healt treated

washed 19(6) 7.6 1.2(6) 1.3

*Numbers in brackets are the number of filters analyzed.

Reference: Wagemann and Graham (1974)




Tahle 4. Metal content of 37 mm millipore type HA filters,

Metal pg/filter Standard
Deviation

(n=20)
As 0.893 + 0,253
Ca 2.657 + 1.%80
cd G.145 + 0.155
Cr 1,201 + 0.683
Cu 0.665 + 0.269
Fe 3.695 + 1.536
Mg 1,301 + 0.437
Mn G.250 + 0,128
Mo 0.335 + 0.260
N 0.485 + 0.250
Pb 1,199 + 0.523
5b 1.621 + 1.539
Sn 0.821 + 1.053
Zn 1.185 + 0.488

Above analysis by inductively coupled Argon Plasma Spectrometry

Reference: Zimmerman et al. {(1979)
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Metral content of unwashed and acid-washed Whatman 41 filters,

Table 5.
Metal Unwashed HC1 Washed
ng om ng cm

" . éﬁi ”Mfwww;jgigméjgﬂ
Cd 0.05 + 6.03 0.02 + 0.003
Cr &+ 2 3+ 1
Cu 2,14+ 0.3 0.09 + 0.03
Fe 64 + 18 5+ 1
Mn 0.7 + 0.2 9.16 + 0.03
Ni 5+ 2 0.15 + 0.02
Pb 0.44 + 0.03 0.06 + 0.02
Zn 1.4 + 6.7 0.14 + 0,06

HF /HNO,, Washed

3

2
ng cm

<1

0.021 + 0.009

2.2 + 0.8

0.39 + 0.05

3.2 + 0.5

0.14 +

0.03
0.12 + 0.03
0.08 + 0.03

1.7 + 0.03

Analysis bv Atomic Absorption Spectrophotometry

Reference:

Wallace et al.

(1977)
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SCME PITFALLS IN USING FISH TISSUES OR OTHER BIOLOGICAL SAMPLES AS
INDICATORS OF METAL CONTAMINATION IN NATURAL FRESHWATER

W.G. Franzin and G.A. McFarlane

Department of Fisheries and Oceans, Freshwater Institute,
501 University Crescent, Winnipeg, Maniteba, R37T 2ZN6

FRANZIN, W.G. and G.A. McFARLANE 1980 Some pitfalls in using fish tissues or
other blological samples as indicators of metal contamination in natural
freshwater. Can. Tech. Rep. Fish. Aquat. Sci. 975: 214.

Organisms or their tissuesg have been used as indicators of aquatic metal
contamination for many vears, often by comparing a putative contaminated site
with a known uncontaminated site. These sorts of data often are extrapolated
to the more general case to include other situations having similar environ-
mental metal concentrations. Our observations of metal concentrations in bic-
logical samples and in the physical environments of six lakes of varying
contamination near a metal smelter demonstrate the possibilities for erroneous
interpretation of metal concentrations in biolegical material as indicators of
present or past metal pollutiom.

Key words: Fish; poliution (freshwater); heavy metals

FRANZIN, W.G. and G.A. McFARLANE 1980 Some pitfalls in using fish tissues or
other biological samples as indicators of metal contamination in natural
freshwater. Can. Tech. Rep. Fish. Aquat, Sci. 975: 214,

Depuis plusieurs années, on utilise des organismes ou leurs tissus comme
indicateurs de contamination aquatique par les métaux, souvent en comparant un
site qu'on suppose contaminéd avec un autre que 1'on sait non contaminé.

Souvent, des données de ce genre sont appliquées par extrapolation & un cas

plus général, de facon 3 englober d'autres situations & concentrations de métaux
semblables. Nous avons déterminé les concentrations de métaux dans des
dchantlllons biologiques et dans le milieu physique de six lacs contaminés a
divers degrés prés d'une fonderie. Nos observations démontrent la possibilité
d'interprétations erronnées des concentrations de métaux dans un matériel
biclogique utilisé comme indicateur de pollution présente ou passée.
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THE {WRELTIABILITY OF SOLUBILITY DATA FOR ORGANIC
COMPQUNDS OF LOW SOLUBILITY IN WATER

J. Todd, D.E. Orr and G.W. Qzburn
Lakehead University, Thunder Bay, Ontario

TOBD, J., D.E. ORR and G.W. CZBURN 1980 The unreliability of solubility data
for organic compounds of low scolubility in water. Can. Tech. Rep. Fish.
Aquat. Sei. 975: 215-219.

In an effort te establish a reliable method of =sclubility determination
for liquid organic chemicals in water the solubility of a trichlorobenzene
mixture was measured by five different methods. No reasonable similarity
could he found among the results from the varicus metheods and it was concluded
that a given solubility value is strongly dependent on the experimental method
used to obtain it. A standard method for determining the solubility cof
trichlorobenzene and other liquid organic compounds is still in question.

Key words: Methodology; sclubility; trichlorobenzene; organic compounds

TODD, J., D.E. ORR and G.W., CZBURN 198G The unreliability of solubility data
for organic compounds of low solubility in water. Can. Tech. Rep. Fish.
Aguat. Sci. 975: 215-219.

Nous avens mesuré par cing méthodes différentes la sclubilité d'un mélange
de trichlorobenzéne dans le but d’en trouver une qui soit fiable dans la
détermination de 1a solubilité de substances chimigues organigues liquides dans
l'eau. Les résultats de chacune de ces méthodes différent. Nous avons donc
conclu gu'une valeur donnée de solubilité dépend fortement de la méthode
utilisée. On est encore 3 découvrir une méthode standard de détermination de
la solubilité du trichlorobenzéne et d'autres composés organiques liquides.
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Solubility in water of compounds with low solubility, such as pelychlori-
nated biphenyls, trichlorobenzenes and diphenyl oxides is important because it
might provide useful clues as to the biocaccumulation and movement in agueous
systems for these and other industrially useful compounds.

LITERATURE REFERENCES

The literature contains several methods for solubility determination.

The method used by Wallnofer (1973) involved coating a glass vessel with the
chemical in question by dissolving a small amount of the chemical in solvent,
pouring the sclution intc a flask and spreading the solution over the surface
of the glass until all the solvent had evaporated. Distilled water was then
added to the flask and it was shaken at 30°C for 10 days. Samples were taken,
extracted and analvzed by gas chromatography (GC). This group worked with 21
chlorobiphenyls and did not claim that their values were absclute physical con-
stants but rather a means of comparison for use in their biological experiments.

Haque et al. (1974) determined the sclubility of the PCB, Aroclor 1254
(Monsanto)} which is a mixture of PCB isomers with different numbers of chlorine
substituents. The method involved equilibration of five grams of Aroclor 1254
with 6 litres of water. The solution was stirred slowly with a magnetic stirrer
and separated from the magnetic moter by a one-half inch polystyrene sheet to
prevent dispersion and heating, respectively. Aliquots were removed periodi-
cally and centrifuged at 1085g for 10 minutes, then extracted and analyzed
by GC. This was done at one week intervals. It was found that "true' solubi-
iization was achieved in six months but values close to the sclubility were
achieved in the first few days. It was observed from relative size of GC peaks
that solubility decreased as chlorination increased. Another method by Hague
and Schmedding (1975) seemed to take into account most factors that could cause
discrepancies in readings. They coated 25 litre carboys with a £ilm of chemical
as Wallnofer did. Water was then added and it was stirred slowly. Samples were
analyzed over three months, after which time stirring was discontinued as equil-~
ibrium was reached. After stirring was discontinued the equilibrium concentra-
tion decreased to a new equilibrium probably due to the fact that if there were
any aggregates of chemical in the water they would float or sink {depending on
the density of the solute) rather than be stirred inte the sample. Samples
were removed below the surface of the solution. Water used was rendered free
of organics by house distillation. When a steady figure of solubility was
reached it was assumed to be the true physical constant for solubility.

SCLUBILITY METHODS FOR TRICHLOROBENZENE

The solubility of a sample of a technical mixture of trichlorobenzene
{TCB), found by several methods, was used as an example of the unreliability of
solubility data. The mixture is composed of 1,2,3 and 1,2,4 TCB in a 1:2 ratioc.

METHOD T

A supersaturated solution of TCE in one litre of water was magnetically
stirred overnight. A 400 mL sample (sample A) was removed and extracted with
50 mL of hexane. The other 600 ml were centrifuged at 27000g for one hour
and another 400 ml sample (sample B) of the supernatant was removed and extracted.

In sample A the solubility of TCB was found to be greater than 100 ppm due
te emulsified TCR present. It was thought that this emulsion would be broken by
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centrifugation but values remained high at 5.3 ppm. All gas chromatographic
analyses were performed on a Hewlett~Packard 5730a gas chromatograph equipped
with an ECD detector. Values for TCB content in hexane extracts were deter—
mined from TCB standards prepared in hexane.

Some attempts were made, at this point, to determine the scolubility of
TCB in water containing 100 and 600 ppm acetone (ie. the envirenment in our
fish testing tanks). The same experiment for water with 100 and 600 ppm acetone
was carried out as above but all samples were centrifuged. Results in all cases
were higher than the result of 5.3 ppm for distilled water but results for both
concentrations of acetone varied widely. On this basis, we decided to try
another method of determining solubility. Also, we had noticed TCB dropping
out cof the water and plating out on the tank bottoms at concentrations as low
as 2.0 ppm in 250 ppm acetone in water, so we assumed the solubility must be
less than that.

METHOD II

In order to determine whether another type of centrifuge would produce
different results, the ultracentrifuge was used in the same experiment at 20000
g for 60 minutes at 20°C. Samples were taken and extracted yielding two
solubility figures of 1.60 and 1.23 ppm. Again there was a discrepancy of
values.

METHOD III

Qur next attempt involved the method feor determining the solubility of
PCB's by Zitko (1970). Technical TCB (1.5 mlL) was added to 50 mlL of fresh water
at room temperature in a blender and homogenized for 10 minutes. It was observ-
ed that after 10 minutes the homogenate had become very warm. Two ultracentri-
fuge tubes of the homogenate were saved and cooled to room temperature by
refrigerating for a period of 30 minutes. They were then centrifuged for 30
minutes at 30000g and 5°C after which the concentration of TCB in 5 mlL samples
of the supernatant was determined. This first trial (trial A) yielded results
of 8.0 and 27.4 ppm. A second trial (trial B) was performed and the samples
were prepared as in trial A but instead were spun at 5°C at 48200¢g for three
hours. Trial B produced solubilities of 25.45, 25.90, 28.65 and 26.15 ppm. We
were skeptical of these high values due to the previous problem in the fish
tanks with "plating out" at 2.0 ppm. We felt that the homogenization and heat-
ing in the blender must have caused unbreakable micelles of TCB in the water
resulting in artificially high wvalues of solubility.

METHOD IV

In order to check the sclubilities obtained using Zitko's method of
blender emulsification, another experiment was carried out.

We thought it necessary to determine if a less "violent" means of mixing
the TCB and water had an effect on the solubilities obtained, testing the theory
that an emulsion formed as a result of the blending.

Therefore, as suggested in a paper dealing with the solubility of hydro-
carbons in water by McAuliffe (1966), an excess of TCB in water was mixed on a
magnetic stirrer for 24 hours at & speed such that the vortex reached only one~
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quarter of the way to the bottom of the flask. Samples were taken, being
careful not to take any visible TCB, and centrifuged at 20°C and 48200g for

2 hours., Samples of the supernatant were taken and extracted with hexane.
Four sclubllities were found by GC analysis of the extracts. These were .464,
472, 0528 and 464 ppm,

METHOD ¥

An intermediate method of wixing the TCB and water involving mechanical
shaking was next attempted. Four 500 mlL separatory funnels were shaken contain-
ing 400 ml of water and encugh TCB to supersaturate the solution. These were
shaken at maximum speed for 15 minutes on a wrist—action mechanical shaker.

Four samples were taken and centrifuged at 48200g for two hours at 20°C.
Samples of the supernatant were taken and extracted and extracts were analyzed
using GC. Results were .712, .868, 1.39 and .887 ppm. All the results were in
between the results for magnetic stirring and blending.

SUMMARY

It can be concluded from these results that the solubility of trichloro-
benzene is highly dependent on the experimental method used. The method in
which the slightly soluble organic liquid is introduced to the water for equili=-
bration is very important. This fact is probably true for many similar compounds.
It is evident from this research that work must be done to determine a standard
method for the solubility of a liquid in a liguid. Pleage refer to Table 1 for
a summary of the results cbtained in this experiment.
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TABLE |

SUMMARY — SOLUBILITY DATA FOR TRICHLOROBENZENE

DESCRIPTION OF METHOD

TRIAL#1 | TRIAL#2 | TRIAL #3 | TRIAL #4
OVERNIGHT MECHANICAL STIRRING 464 ppm | .472ppm | 528 ppm | .464 ppm
m&gﬁﬁgﬁéﬁggér(mc; - 15 MINUTES AT 712 ppm .868 ppm 1.39 ppm .887 ppm
BLENDER - 10 MINUTES AT MINIMUM SPEED | 25.45 ppm | 2590 ppm | 28.65 ppm | 26.15 ppm

61¢
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PETROLEUM INDUSTRY ACTIVITY IN AQUATIC TOXICOLOGY
E.C. Birchard
Imperial 01l Limited, Toronto, Ontario

BIRCHARD, E.C. 1980 Petroleum industry activity in aquatic toxicology. Can.
Tech. Rep. Fish. Acquat. Sci. 975: 220.

The Canadian petroleum industry individually and through its environmental
agsociations has been sponsoring and conducting aquatic toxicelogy research and
studies on a regular basis since the early 1970's at the refinery level., Stud-
ies have been conducted on developing and assessing novel bioassay techniques
for routine and spot monitoring of liguid effluents, as well as rumning conven-—
tional 24-hour static and 96~hour flow-through tests. A 3-vear study was
undertaken to assess sublethal effects of refinery effluent on growth, survival,
reproduction, behavicur and respiratorv rate in fish as well as 1ife cvcle
studies in an invertebrate. Current emphasis is centered on determining pres-
ence and levels of priority contaminants in effluents and assessing their degree
of hazard based on such criteria as carcinogenicity, mutagenicity, persistence,
accumulation and exposure levels.

Key words: Toxicity tests; bioassays: sublethal; growth; survival; reproduction;
behaviour; respiratory rate; fish; invertebrates

BIRCHARD, E.C. 1980 Petroleum industry activity in aquatic toxicology. Can.
Tech. Rep. Fish. Aquat. Sci. 975: 220.

Depuis le début des années 1970, 1'industrie pétroliére canadienne,
individuellement et par le biais de ses associations, a encouragéd et poursuivi
des @tudes de toxicelogie agquatique au niveau des raffineries. Des &tudes
visant d mettre au point et i tester de nouvelles méthodes d'analyses biologiques
routiniéres ou & des intervalles irrvéguliers d'effluents liquides, de méme que
des essais conventionnels statiques de 24 h et de 96 h 2 flot continu. On a
entrepris une &tude de 3 ans en vue d'€valuer les effets sublétaux de l'effluent
d'une raffinerie sur la croissance, survie, reproduction, comportement et taux
respiratoire des poissons, ainsi que des études du cycle biologique d'un
invertébré., On met présentement l'accent sur la détermination de la présence et
des niveaux de contaminants prioritaires dans les effluents et sur 1'évaluation
de leurs dangers. Comme critéres, nous utilisons leurs propriétés carcinogénes
et mutagdnes, leur persistance, accumulation et niveau d'exposition.
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SOME ASPRECTS OF RADTATION TOXICOLOGY™
J.E. Guthrie

Environmental Research Branch, Atomic Energy of Canada Research Company,
Whiteshell Nuclear Research Fstablishment, Pinawa, Manitoba, ROE 1LC

GUTHRIE, J.E. 1980 Scme aspects of radiation toxicolegy. Can. Tech. Rep.
Fish. Aquat. Sci. 975: 221-230.

Biolegical effects on organisms resulting from exposure teo ionizing radi-
ation are many and varied. In general, the effects on a species are dependent
on the type of radiation, the dose rate, the duration of exposure, and whether
the radiation socurce is internal or external to the organism.

When establishing permissible release limits of radionuclides to an
aquatic environment, biclogical accumulation by the organism must be considered.
If significant accumulation occurs, the radiation dose to the organism from
ingested radicactivity may be much larger than the external dose received from
the immediate surroundings. This aspect of radiation toxicology dis illustrated
by results from laboratory experiments in which mosquito larvae were reared in
media containing radicactive strontium or radiocactive phosphorus.

Determination of bioclogical accumulation simplifies the task of specify-
ing the amounts of radiocactive materials which may be released to aguatic
environments with minimal risk. Such coefficients are important input for
ecological system models using computer codes such as RAMM, for calculation of
the radiation dose commitment to various species including man,

Key words: Radioactive pollution; bicaccumulation; mosquitos; toxicology

GUTHRIE, J.E. 1980 Some aspects of radiation toxicolegy. Can. Tech. Rep.
Fish. Aguat. Sci. 975: 221-230.

Les effets biologiques sur les organismes résultant de 1'exposition au
rayonnement ionisant sont multiples et divers. En général, les effets sur une
espece dépendent du type de ravonnement, du débit de dose, de la durée de 1l'ex-
position, et si la source de rayonmement est interne ou externe a l'organisme.

On doit tenir compte de l'accumulation biologique par les organismes
lorsque 1'on définit les limites admissibles de liberation des radionuclides
dans un milieu aquatique. S1i une accumulation importante se produit, 1la dose
de rayonnement recue par l'organisme provenant de la radioactivité ingérée peut
Etre beaucoup plus élevée que la dose externe provenant de l'environnement im-
médiat. Des expériences en laboratoire au cours desquelles des larves de
moustiques ont &té élevées dans des milieux contenant du strontium radicactif
ou du phosphore radicactif illustrent cet aspect de la radiotoxicologie.

La détermination de 1'accumulation biologicue rend plus facile la spéci-
fication des quantités de matiéres radioactives qui peuvent étre libérées dans
un milieu aquatique avec un minimum de risques. Ces coefficients sont des
données importantes pour les modéles de systémes écologiques employant des
codes d'ordinateurs tels gue RAMM pour le calcul des doses engagées pouvant
etre recues par diverses especes, y compris 1 homme.

*Issued as/Publié sous AECL-6657
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INTRCDUCTION

In discussing the role of radiation toxicology in assessment of the
potential risks associated with the radicactive by-products of the nuclear
industry, I must emphasize that, with the exception of uranium, the permissi-
ble amounts of radiocactive isotopes that may be released to the environment
are not governed by thelr chemical toxicity. Therefore, for purposes of this
discussion, we may take it as granted that radiation toxicology is concerned
with the quantity of dionizing radiation i,e., the radiation dose, absorbed
from a radicactive isotope or mixture of isctopes.

Radiation toxicology is obviously an important aspect of the Health
Physics Field. The primary concern of this discipline 1s development and
application of scientific knowledge whereby man and the environment are
protected from the harmful effects of radiation. Radiation toxicology is
also an integral part of radiation ecology, which is concerned with the fate
of radioisotopes in the enviromment and the effects of ionizing radiation on
organisms, populations, communities and eceosystems. This paper discusses
some aspects of external and internal exposure to radiation, and thus is
mainly in the field of Health Physics. 1In addition, some attention is given
to the importance in internal dosimetry of uptake of isotopes, which aspect
is in the preserve of Radiation Ecology.

RADIATION EXPOSURE

Determination of the minimum dose of radiation which has no apparent
biological effects on a test animal is beset by the problem of biclogical
variation, as is conventional chemical toxicology. This problem and the test
methods which minimize it, have been reviewed by Sprague (1969) who has also
discussed the questions of sub-lethal effects and the "safe' concentration of
a toxicant (1970, 1971). Within the context of Sprague's use of the term, if
we substitute "permissible"” for "safe”, we have, in principle, the recommen-
dations of the International Commission for Radiological Protection (1959) as
they pertain to radiation dose.

FACTORS AFFECTING RADIATION DOSE

Three kinds of ionizing radiation (radiation) are commonly encountered
in the environment,viz, alpha and beta particles, and gamma photons or rays.
The alpha particle 1s the nucleys of a helium atom, He+2ve; the energy of
most alpha particles ranges from 3 to 6 MeV. The beta particle is an elec-
tron emitted from the nucleus of an atom; its energy may be only a few keV
to more than 2 MeV. Gamma photons, unlike alpha and beta particles, are
electromagnetic radiation; they range in energy from a few keV t¢ several
MeV. It is the deposition of the energy of alpha, beta or gamma radiatCion in
the cell's components which may promote chemical reactions that cause biclogi=-
cal damage., An example of such damage is the breaking of some of the chemical
bonds which link together the strands of the DNA molecule. TIf the rate of
breakage exceeds the capacity of the organism's repair systems, biological
damage will result.
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Whether or not the capacity of an organism’s repalr systems will be
exceeded, depends on the rate at which the radiation dose, {(dose-rate), is
delivered and the amount of radiation that is absorbed (the total dose, i.e.,
dose-rate x exposure time). The amount of radiation absorbed is dmportant.

When speaking of the damage that could result from a dose of radization,
it is important to distinguish between external exposure and internal expo-
sure. An alpha particle causes no damage if it is outside the organism
because its penetrating power is quite small. When an alpha particle is
emitted from an isotope which has been ingested, i.e., it is inside the
organism, the potential for causing damage is considerable because a large
amount of energy will be deposited per unit mass of tissue. The penetrating
power of beta particles is greater than that of alpha particles but even the
most energetic beta particles from fission products are barely able to pene-
trate the human skin. When beta particles are emitted from an ingested
isotope, however, the damage potential will be greater. In contrast to alpha
and beta particles, the penetrating power of gamma photons is theoretically
infinite and only a small fraction of their energy is deposited per unit mass
of tissue. Thus, in the case of gamma photons, it makes little difference if
the gamma-emitting isotope is inside or outside the organism.

UPTAKE OF RADIOACTIVE ISOTOPES

A radioactive isotope in a river, lake or ocean is a source of external
radiation to organisme living in these habitats. If the isotope is ingested
and accumulated by the organism, it becomes, in addition, a source of internal
radiation. Consequently, the amount of uptake or biological accumulation has
an important bearing on the total dose of radiation absorbed by the organism.

The extent to which an isotope might be accumulated (by an organism) can
be anticipated from its chemical properties. Radiocactive isotopes of elements
which are essential to the organism's growth and metabelism, e.g. radicactive
iodine, will be accumulated. TIsotopes of elements which are chemical rela-
tives of metabolically essential elements, may also be accumulated, e.g.
radicactive strontium is concentrated in the bones of vertebrates because of
its chemical similiarity to calcium.

EXTERNAL AND INTERNAL DOSE

The importance of measuring the amcunt of radiation absorbed from
internal and external exposure {(dosimetry) in radiation toxicology can be
illustrated by using data from a study of the effects of exposure of mosquito
larvae to beta radiation (Guthrie and Brust (1971) and Scott and Guthrie
(1972)). UNewly hatched dedes aegypii larvae were reared in media containing
different concentratrions of radiocactive strontium in equilibrium with its
daughter product radicactive yttrium, or radiocactive phosphorous. The 'appa-
rent concentration ratio (ACR)' for eaech larval instar was determined as:

radicactivity per unit mass of larvae
radioactivity per unit mass of rearing medium

ACR =

The ACR's (Tables 1 & 2) show that the larvae accumulated significant
amounts of radicactive strontium, vttrium, and phosphorus. Alse, the ACR for
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TABLE 1

AVERAGE ACTIVITY VALUES OF AEDES AEGYPTT LARVAE REARED
IN MEDIA CONTAINING 410 Bq/g 27Sr IN EQUILIBRIUM WitH °0Y
THE 95% CONFIDENCE LIMIT FOR

AND 0.01 mg/g Srt? CARRIER.
ALL AVERAGES IS$ = 15%.

INSTAR NUCLIDE CONC. kBq/g LARVA APPARENT CONC. RATIO (ACR)*

90g, 90y 90qy 90y

lst 22 122 54 300

2nd 23 46 56 110

3rd 39 115 G5 280

Gth 77 130 190 320
*\CR = ACTIVITY OF LARVA (Bg/g)

TARLE 2

ACTIVITY OF REARING MEDIUM (Bg/g)

AVERAGE ACTIVITY VALUES FOR AEDES AEGYPTT LARVAE REARED IN

MEDIA CONTAINING 22 Bq/g 32P (CARRIER FREE).
LIMIT FOR ALL AVERAGES IS + 15%.

THE 95% CONFIDENCE

INSTAR 32Zp coNC. APPARENT
kBq/g LARVA CONC. RATIO
1st 81 3700
2nd 25 1140
3rd 19 840
4th 10 440
ADULTS
MALE 8 340
FEMALE 13 590

these isotopes differed between instars, especially for radioactive phospho-
rous (Table 2).
there is no requirement for this and the other elements in Group 11T B of the

periodic table for mosquite larvae growth,

The accumpulation of yttrium (Table 1) is surprising in that

The percentage of adult females with follicular development greater than
or equal to Clement's stage II1, was one of the indicators used to score

biological effects of larval exposure to beta radiatiom.

There was no appar-

ent relationship between this percentage and the concentration of radioactive
isotope(s) in the larval rearing medium.
internal dose component of the total dose receilved by the larvae has been

published {Scott 1972).

The method for determining the

The external, internal, and total beta radiation
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doses, are given in Tables 3 and 4. The biolegical effects observed were
highly dependent on the stages of larval development exposed, and reflect the
different accumulation ratios of individual instars. When, for example, the
logarithm of total dose (external + internal dose) is regressed against the
percentage of adult females with follicular development greater than stage
117, the two parameters are highly correlated (Figure 1).

Another aspect of isotope accumulation which should be pointed ocut is
its effect on the relative contributions to the total dose of the external
dose absorbed from the larval rearing medium, and the internal dose from
accumulated isotope (Tables 3 & 4). 1f the ACR < 1, the internal dose
contribution will never exceed that of the external dose. If significant
bioclogical accumulation does occur, i.e., ACR » 1, the internal dose will be
the larger contribution to the total dose absorbed by the organism.

TABLE 3

DOSE-RATE (Gy/h) TO AEDES AEGYPTI LARVAL INSTARS
REARED IN MEDIA CONTAINING 37 kBg/g (1 uCi/g) 29Sr IN EQUILIBRIUM

WITH %0y,
gy + 90y 90gp 90y
INSTAR  EXTERNAL ACR INTERNAL ACR INTERNAL TOTAL
DOSE~RATE DOSE-RATE DOSE-RATE  DOSE-RATE
1st 0.019 54 §.05 300 0,19 0,26
2nd G.019 56 G.07 110 0.09 0,18
3rd 0.019 a5 0.16 280 0.35 0.53
4th G.019 190 G.43 320 0.67 1,12

ACR = APPARENT CONCENTRATION RATIO
1 GREY (Gy) = 100 rad

TABLE 4

DOSE-RATE (Gy/h) TO AEDES AEGYPTI LARVAL INSTARS REARED
IN MEDIA CONTAINING 37 kBq/g (1 uCi/g) 3°p.

EXTERNAL INTERNAL TOTAL
INSTAR DOSE-RATE ACR DOSE~RATE DOSE~RATE

Ist 0.013 3700 2,55 2.56
2nd 0.013 1140 1.07 1.08
3rd 0.013 840 1.18 1.19

4th 0.013 440 1.00 1.01
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FIGURE 1: Effect of total beta dose on percentage of adult female Lzdes
aegypti with follicle development more advanced than Clement's
Stage III. Larvae were irradiated for the duration of lst and
2nd instar stages only.

As already mentioned, the accumulation of yttrium (Figure 1) was not
anticipated. However, the largest contributor to the total dose absorbed by
the larvae reared in the media containing radioactive strontium and yttrium,
was yttrium.

PREDICTING RADIATION EXPOSURE

Compared to the quantification of biological effects, measurement of
isotope accumulation is relatively simple. Transfer coefficients can be
derived from accumulation ratios. They lend themselves readily to the pre-
diction of the maximum radiation dose resulting from a2 release of a known
gquantity of radioactive isotopes to the environment at any point of interest
in an ecosystem. Such predictions, i.e., ecosystem analysis can be made by
the computer code RAMM (Radiocactive Materials Management) developed for
handling such system models. This system of computer programs for radio-
active isotope pathway analysis calculations (Lyon 1976) is very useful for
inputting time-dependent data into complex ecolegical gystem models such as
FOOB 11 (Zach 1978).
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RAMM uses a compartmental or nodal approach, i.e., the system to be
analysed is divided up into 'nodes’. MNodes are 'compartments' containing
isotopes or other potential contaminants. Nodes may be volumes, such as a
volume of water, or the biomass of a species, or areas of a surface, Each
node is of such size that the distribution of isotopes within it can be
considered to be homogeneous. Next, pathways are defined between nodes. The
appropriate transfer coefficients are then generated as inputs for each
pathway.

The outputs from RAMM include: time-dependent contents of the ncdes,
dose-rate and intregrated doses, and the dose commitments for selected nodes.

SAMPLE CASE

To illustrate the application of RAMM, consider the following simplifica-
tion of a ''sample case™ taken from Lyon. This case involves a section of the
Winnipeg River and the lake at Lac du Bonnet, Manitoba. Assume radiocactive
cesium in groundwater enters the river (Figure 2) at a rate of 1 x 10!V Bg/d.
During its passage to the river, it interacts via ion exchange with the
ground. On entering the river, the isctope concentration becomes less as a
result of mixing with river water. The radicactive cesium eventually enters
the lake where it is accumulated by fish which are eaten by man. 1In the
lake, the isotope interacts with sediment and interstitial water. Deposition
of sediment causes it to be packed on the bottom of the lake so that some of
the isctope is trapped and lost from the system, The object of this sample
case 1s to predict the dose-rates te a man drinking water from the river, and
to a man eating fish caught from the lake.

Figure 2 illustrates the physical model for the sample case while
Figure 3 gives the combination of nodes and pathwavs comprising the computer
medel.

Seme of the nodes belong to streams for which a distance and a velocity
are defined. At the appropriate time intervals, the contents of each node
are transferred down the stream. Eventually, the lake empties into the dump
node -~ QUT.

To maintain sensible computing time, the sections of pathways should be
'well balanced’ in terms of time constants, For example, the model includes
a pathway through soil which takes hundreds of years, followed by transfer
down the river which takes a few hours. It would be impractical (and should
be unnecessary) to model the transfer down the river in detail in the total
calculation. Tn this case, the gpatial distribution due to dispersion in the
river is derived in a separate RAMM calculation, followed by the total
calculation in which the river transfer is assumed to reach its predicted
spatial distribution instantaneously.

The groundwater is modeled by using a stream (UNSTR(1) to (4)) inter-
changing with ground nodes GROUL and GROU2. The river is modeled with two
parallel streams STREL(1) to (5) and STRE2(2) to (5) to take into account the
transfer of isotope from one side of the river to the other by diffusion.

The lake is modeled with a water node {(LAKE), an interstitial water ncde
(INSWA), and sediment nodes INSED, FISED, and BOSED. The man drinking water
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FIGURE 3: Computer model of & sample case illustrating an application of the
RAMM computer code for aquatic ecosystem analysis.

and the man eating fish are modeled by nodes DRMAN and FIMAN. The OUT node
provides for flushing out of the lake.

One of the several transfer coefficients required by RAMM fo run the
model, is derived below to illustrate the use of apparent concentration
ratios. The ACR of radioactive cesium by commercial freshwazter fish species
is 2000. The consumption rate of a man eating the maximum amount of fish =
18 kg/a. The volume of the lake is estimated to be 3.24 x 10° m®. Therefore,
the transfer coefficient for radicactive cesium from lake to man via fish is:

18 x 2000

-8
3.724 x 109 x 365 3 % 107%/d

The ocutput from RAMM also provides a periodic node status. 1t gives the
number of atoms in each node at the time of interest, and the radiation dose
statistics for those nodes for which dose calculations have been requested.
For example, at 20 days, the accumulated dose commitments will have reached
1.1 x 107% rem for the man drinking water (DRMAN) and 3.8 x 1072 rem for the
man eating fish (FIMAN). The doses integrated over the period of the calcu-
lation are 9.8 x 107% and 2.3 x 1077 for the drinking and fish-eating man
respectively (Lyon 1976). Thus, the dose commitment, resulting from the
radioactive cesium entering the river via groundwater, is greater for the man
eating fish. This prediction, subsequently confirmed by experimental studies,
iliustrates another benefit of modeling, that direction of experimental
effort to the most critical or sensitive parts of the system is possible.
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CONCLUSION

While systems analysis cannot replace conventional toxicclogical assess-
ment, modeling can be used to show how one aspect of foxicology, hiological
accumulation, can predict the impact of potentially toxic substances on the
environment and on man. The toxicological data required for good, reliable,
predictive models, and for validation of the models in nature, must still be
provided by experimental measurement.
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UTHE, J.F., H.C. FREEMAN and A.D. McINTYRE 1980 The selection of sub-lethal
testing procedures for assessment of chemical toxins in the aguatic
environment and experiences in the use of steroid hormones metabolism.
Can. Tech. Rep. Fish. Acuat. Sci. 975: 231-242.

The detection of deleterious effects of current chemical pollutant levels
in the marine biosphere has been the topic of a recent meeting held under the
auspices of the International Council for the Exploration of the Sea. The
first part of this paper reviews the criteria utilized by the Biochemistry
Panel to judge and rate the applicability of current biochemical techniaques
to this question. The second part of the paper reviews our experiences in the
use of steroid hormone metabolism for either scanning hormonal effects of a
number of chemicals or for a detailed hormonal investication of one chemical
during an animal's reproductive cycle.

Key words: Bioassays; sublethal; reproduction: steroids; methodolcay

UTHE, J.F., H.C. FREEMAN and A.D. McINTYRE 1980 The selection of sub-lethal
testing procedures for assessment of chemical toxins in the aquatic
environment and experiences in the use of steroid hormones metabolism.
Can. Tech. Rep. Fish. Aquat. Sci. 975: 231-242.

Le Conseil international pour 1'exnloration de 1a mer organisait récemment
une réunion consacrée & la détection des effets délétéres des niveaux actuels
de contaminants chimiques dans 1a biosphére marine. L'article qui suit, dans
une premiére partie, passe en revue les critéres qu'utilise le Comité de
biochimie dans 1'évaluation des possibilitds d'application des technigues
courantes & cette question. Dans une seconde partie, nous orésentons une revue
de nos expériences sur le métabolisme des hormones stéroides visant & déterminer
les effets de plusieurs substances chimicues ou d'8tudier en détails les effets
sur le métabolisme hormonal d'une substance chimique au cours du cycle
reoroducteur d'un animal.
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In recent years a number of testing protocols have been developed for
studying the sub-lethal effects of contaminants upon aguatic organisms (U.S.
National Academy of Sciences 1975; Giam  1977). In general the dbserved
effects are believed to be deleterious but, in actual fact, it is extremely
difficult to relate many of these effects to death of either the individual
or of the species (eg. throuwgh impairment of reproduction). An additional
problem arises; since many of these tests are carried out using contaminant
levels rarely, if ever, encountered in the enviromment, assessment of
the effects of current ambient levels is extremely difficult.

Early in 1979, urder the auspices of the International Council for the
Exploration of the Sez a meeting was held in Beaufort, North Carolina to
consider the applicability of available testing procedures for
determining if current levels of aquatic pollutants are having deleteriocus
effects on aquatic animals. Participants were divided on the basis of their
expertise, into seven different panels; biochemistry, physiology,
pathobiclogy (disease), biocassay, genetics, behaviour and ecology. Panels
ware requested to consider first of all criteria which must be met in
determining if contaminants, in particular currently cbserved levels in the
more polluted areas of the ocean, are having effects upon life in the seas
and secondly if feasible, cament upon the applicability of currently
available testing procedures within their area of expertise to detect
sub-lethal or deleterious effects. 'The final document is currently
being published by the International Council for the Exploration of the Sea
and will include A: Papers by each participant discussing their individual
areas of expertise and the application of these techniques to effects
testing, B: A series of plenary papers setting the stage and discussing
theories and limitations of effects testing and C: Reports from each panel
discussing certain tests, requirements of effects testing procedures and, in
gome cages, a ranking of available testing procedures. It is hoped that
documents such as these, representing the agreed opinion of groups of active
envirommental scientists, will assist regulatory and other agencies in
extending their testing protocols and requirements beyond tests based upon
lethality.

Due to the time limitations only the efforts of the biochemistry
panel will be described. Prior to this a few thoughts on the nature of
effects may be beneficial. Chemical induced effects (responses) may be of
four types (Table 1): 1) Negative or no—effect responses. In this case the
assay system does not respond to the stress in any demostrable manner and the
system may be described as being "refractive". 2) Dose/response or linear
responses. In this case increments in stress result in response increments
and the relationship can generally be described as linear following
appropriate transformation. Probably the maiority of effects testing
procedures fall into this category. Here, considering the range of responses
found another division may be made (A) In the first division one would place
all of those effects whose range of contaminant-induced effeds is within the
range of effects thatcanbe induced by normal environmental stressors. A
test such as carbon fixation in the sea (Lassig et al, 1978) can vary between
zero and maximum under normal envirommental changes. This makes it extremely
difficult to determine the significance of changes induced in carbon fixation
by pollutants unless other studies indicate the system has been deleteriously
affected in sane other manner. {B) The second division would dovicusly
include all dose/response effects in which the range of contaminant induced
effects exceeds the range of the normal environmentally induced effects.
These tests are, of themselves, more meaningful than the first group since
they show the system has been stressed beyond normal. A test such as the
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adenvlate energy charge (ATP + ADP)/(ATP + AMP) (Gilesy et al, 1978) could be
included in this group.  3) "Quantum”" responses. In this case increasing
doses of a stressor lead to the appearance at some level of stress of a
response that is not observed under normal envirommental conditions. The
appearance of abnormal steroid metabolites with increasing chemical toxin
stress (Freeman et al. 1979) and the appearance of non-metallothionen bound
mercury in tissues (Brown and Parsons 1978) illustrate this type of
response. Death, as currently used in biocassay, is cbviously another
"gquantum" response.,

4} Inflective Responses, These responses are those which over the range of
stressor induced effect show an inflection point or change in the direction
of the effect. The most prominant effect of this type is undoubtably the
generalized stress syndrome described by Selye (1976) in which the initial
effect of a stress is an increase in circulating steroid hormones,
particularly gluocorticoids., As the stress increased in magnitude or
duration the level increased to a certain point after which stressor
increases lead to a collapse of the regponse.

TABLE 1. ypes of Response Induced by Chemical Stressors.
Response Type

1. '"Refractive” No change within dose range.

2. "Dose/Effect" Lineal response within dose range
A, Response stays within normal limits ower dose range
B. Response does not stay within nommal limits over

dose range.
3. "Quantum" Appearance of abnormal metabolites within dose range
4. "iInflective" Inflection appears in change in response/change in

dose curve within dose range.

The last three types of response are all dose/response relationships
but 2B, 3 and 4 and have cbvious advantages in that a cleaner delineation
between contaminant— or toxin- induced change and changes induced by normal
environmental stresses can be demonstrated.

Now, let us turn to the recamendations of the Biochemistry Panel from
the Beaufort meeting. The panel, in addition to recognizing the variety in
types of response, considered other criteria for judging the usefulness of
various biochemical testing procedures. These are shown in Table 2,

TABLE 2. (riteria Selected by the Biochemistry Panel for Evaluating
Biochemica! Testing Procedures,

Consistent relationship of response to pathology

Specific vs general responge

Precision and range of response

Time relationship between stress exposure and response
Applicability of response to various phyla

Technical difficulty

Cost

Dose/response relationship

Applicability to general survey or pollution "hot spot" situation.

OO0 1 Y UT s {0 D
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Under the first criterion i.e. relationship to pathology and in its
discussion the panel emphasized the importance of utilizing a batterv of
tests, not only biochemical hut from any other area of science to enable an
overall assessment of the situation to bemade. They further emphasized that
as environmental scientists we arse assessing health. This means that as
researchers into envirommental effects we must realize that we are indulging
in an envirornmental "medical practice” and that the final Jjudgement of
envirommental health and risk includes both an dbiective {quantitative
regponse relationship) and subiective {judgemental} aspect. Also medical
practice is always willing to modify, adapt and use tests specific to the
situation being investigated., This flexibility, along with the ability of
medical practitioners to come to a consensus with respect to disease
detection and treatment, recognizing the intangible benefits of experience,
represents an extension of cur more usual sclence practice that would be of
benefit to the environment. 1In the second criterion i.e. whether or not the
response is related to a specific toxin or to stress in general, the panel
recognized the importance of developing technigques that respond to
environmental toxins in general since the nature of all the chemical inputs
to an area may not be known. Cther tests are gpecific for a certain type or
class of toxicants. The third criterion recognized the realities of
measurement, especially the biological response of a heterogeneous species.
It is simply easier to see a regponse which shows a narrow deviation at a
congtant stress and a wide response range over the stress dose range.
Criteriond recognized the difficulties in working with delayed response
syndromes. Tests which are applicable to many rhyla and can be applied to
small individuals offer advantages over tests which are applicable to say
only large members of one or two similar species [Criterionb). Criterion 6
and 7 recognized the realities of life with respect to man power and money
limitations. Criterion8 emphasized the necessity of danonstrating some type
of a dose-response relationship. Without thie it is doubtful that a test
will have an adequate degree of predictability associated with it or be of
much use in assessing the degree of envirommental degredation an area is
undergoing. Criterion? simply indicated if the panel believed the test is
applicable in a general survevy situation, eg. to projects such as the "Mussel
Watch" program {(Goldberg et al. 1978) or of value in a specific hot spot
study where known toxicant is being added. The panel used these criteria to
rate the tests shown in Table 3. It should be noted that the penel
recognized that many other biochemical tests exist that may be of use hut
have not had adequate testing yet. In addition to a multi-disciplinary
investigation of animals the importance of water, food and tissue residue
analysis was emnphasized.

TARLE 3. Current Biochemical Techniques Evaluated by the Biochemistry Panel,

Mixed Function Oxygenase Inducible microsanal oxygenase system
Metal Binding Protein Excess metal to inducible binding capacity
Lysosanal Fragility Cytochemical assay of memprane stability
Steroid Hormone Metabol ism Quantitative ghifts and strange metabol ites
Adenylate Energy Charge Measure of available metabolic energy
Routine Blood Biochemistry Blood constituent and enzyme assay
Taurine/Glycine Ratio High ratio indicates stress

Primary Productivity Commonly as C14 fixation

One of the tests in Table 3 is based upon the effects of chemical
pollutants upon steroid hormone metabolism. Steroid hormones are responsible
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not only for maintenance of salt and water metabolic balance
{(mineralocorticoids) but are also involved in response to stress
{glucocorticoids) and also are involved in reproduction (androgens and
estrogens). 1In the case of the sex hormones we have a tool for determining
the effects of a toxin on a process that is anything but hameostatic and
obviously of vital importance from a species survival point of view. One
should keep in mind that in the case of reproduction in fish and many other
lower species it is not only important that both males and females ripen
normally, both sexes must also ripen at the same time for successful
reproduction to occur.

A number of different tissue/assay combinations can be used for effect
studies. In fish three different tissues are utilized:

1} blood to assay blood level changes in hormonal level over the course of
exposure of the animal to a toxicant, 2) interrenal tissue (adrenal homologue
in fish) to study effects on glucocorticoid and mineralocorticoid metabolism
and, 3) gonadal tissue to study effects on sex hormone metabolism. Metabolic
effects in interrenal and gonads can be assayed following in vivo exposure to
the chemical of interest or following in vitro addition of chemicals to
incubates. Assays can be intensive, utilizing DIDA technigues for
determining levels and isotopic ratios of each metabolite (the dual pathway of
steroid hormone synthesis necessitates the use of hoth {3H§~pregnenolone

[14c C]l-progesterone as precursors). The [ H]/{MC} ratio

changes indicate effects upon the individual pathways of metabolism. In
addition to this sanewhat lengthly procedure it is possible, using
autoradiograms of chromatograms of steroid hormone extracts to assess effects
rapidly in a qualitative and roughly quantitative manner. Coupling of
autoradiographic assay with in vitro additions of a chemical can be

used to rapidly assess the potential of a chemical to induce steroidogenic
effects, In Figure 1 the effects of the in vitro addition of a variety of
metallic compounds upon adrenal incubates of grey seals (Halichoerus grypus)
at a level of 0.45 ppm are shown (Freeman and Sangalang 1977). It is
readily apparant that two important effects on steroid hormone metabolism are
present. In the first instance alterations of hormone levels are fourd
Secondly, one should note the appearance (from the precursors) of labelled
material that is not found in control incubates. The appearance of such
abnormal metabolites represents a type 3 or "quantum" response. Changes in
hormone levels are noteworthy since they are probably beyond the normal range
of hormonal metabolism encountered during the animal's exposure to natural
envirommental changes but this remains to be assessed in detail. Figure 2
shows a similar assessment of phthalate ester, di-2-ethylhexyl phthalate,
effects on hormone metabolism in interrenals (adrenal homologue) from
Atlantic cod (Gadus morhua). Even at levels of 1000 ppm {approximately 2000
x levels studied with the metallic campounds mentioned above) no changes in
hormone metabol ism were founé '{hese coservations were confirmed by study of
the isotopic ratios ([“H1/ [ of the hormones, cortiscol and

cortisone which r_‘emamed essentlally constant over the range of
di=-2-ethylhexyl phthalate studies {Freeman and Sancalang 1979).

Changes in blood levels of hormones can be of two types, the first of
which is a change in level induced by a toxin as compared to a relatively
static level of a hormone. Secondly during the course of a non-homeostatic
process in an animal, e.g. reproduction, blood hormone levels may change in a
necessary manner {eg. sex hormones) over time, Alterations in these changes
may induce serious effects e.g. reproductive changes. Consider Figure 3.
Here the levels of ll-ketotestosterone have been monitored over the course of
an experiment in which groups of sexually maturing ool were fed levels of
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0,1,5,10,25 or 50 pg Arochlor 1254/g diet 3 times a week for 92 days. The
usual sexual maturation rsponse (o pg Arochlor 1254/g diet) should be

noted. The level of ll-ketotestosterone increases during ripening and then
falls as regression occurs. At the lower feeding (1 and 5 ug/g) levels the
blood levels of ll-ketotestosterone increased much more rapid than control
levels and the normal higher level was reached much earlier than usual. As
exposure continued blood levels in these groups increased to much higher
ievels than control levels. At higher doses of PCB, however, levels of
li-ketotestostercne fell below control values. This shift in response is

an example of Type 4 or "inflective" response. Animals from field situations
which do not show a elevation of these blood Tevels upon administration of
low levels of a standard toxicant would be judged much less healthy than
animals which do respond with elevated levels., In addition to monitoring of
blood hormone levels over the course of exposure, at the end of the exposure
period animals were sacrificed and the sterold hormone metabolism of the
testes and interrenals from each group studied, Figure 4 shows the

results obtained from the testicular incubations. The initial enhanced
synthesis of testosterone and ll-ketotestosterone is noteworthy and
corresponds to the blocd level dhservations. At the highest dose level
little hormone was observed and since considerable amounts of the precursor
was still present the lack of labelled hormone is due to impaired synthesis
rather than accelerated breakdown., Figure 5 shows the resultant
autoradiograms from the interrenal incubates. Once again the increased
hormonal levels were found at the lower doses. XAgain at the higher levels
only small amounts of labelled metabeolites appears and a large amount of
unchanged precursor remains,

What was the reproductive status of these animals? Control fish, both
male and female ripened but, in the case of the exposed male fish no ripe
animals were optained at the end of the exposure pericd, showing even in the
cases of lower exposure, the enhanced hormonal levels interfere in
reproductive maturation (Freeman et al. 1978)

To round off this experiment histological investigation of the testes, s
gills and liver determinations of tissue PCB levels and enzymological studies
of the gonads were carried out.

Testicular sections from control and exposed cod are ghown in FPlgure 6.
Even at 1 gPCB/g diet lobular derangement and arrest of spermatogenesis at
the spermdtocyte stage was noted. Hyperplagia of the lobule boundary cells
and some necrosis was found at the lower dietary exposure levels while at the
highest levels there was total disintegration of the lobular contents and
marked hyperplasia of the lobule boundary walls.

The gill sections from exposed fish (1G/ugPCB/g diet) showed
praminent structural changes. These alterations consisted of hyperplasia of
the epithelial layer of the secondary gill lamellae. This resulted in
clubbing, fusion and thickening of the epithelial layer of the secondary
lamellae (Figure 7}.

Fatty degeneration of the liver (Figure 8) was cbserved in samples from
all PCB-fed fish although the correlation between diet and degree of
degeneration was not high. Severe degeneration was chserved Iin the fish from
the higher dietary PCB levels. 'The relative absence of nuclei in livers from
PCB fed fish as opposed to control livers iz noteworthy. The livers of a
few of the control fish also showed some degree of degeneration.

PCB levels were determined in selected fish from each group and are
shown in Table 4. It should bhe noted that levels in the lowest exposed growp
(1 pgPCB/g diet) were only about double the control levels. This doubling of
the control levels was apparent in all four tissues studied and demonstrates
that the experiment does indeed represent realistic exposure doses and
routes. (Freaman et al, 1978).
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TABLE 4, Concentrations of FCB in Male Cod Tissue (jg/q Wet Wt.)

PCE in No. of Livers Testesg Body Muscle
Diet fish Range Mean Range Mean Range Mean
ya/qg
0 7 2.0-9.,0 5.1 0.20-0.06 0.03 0.01-0.03 0.02
1 3 7.3-3.5 1.1 0,05-0.06 0,06 G.02-0.04 0.03
10 5 43.5-101 81.0 0.40-0.66 0,51 0.29 (1 fish)
25 1 156 1.3 0.33
50 1 374 5.3 0.98

Investigation of intermediary metabolic enzymes (malic, lactic, glutamic
and isocitric dehylrogenases and aspartic and alanine aminotransferases) in
mitochondrial and supernatant preparation from gonads from these cod showed
that by and large the activities of these enzymes are very refractive in
spite of the marked histological damage chserved {(Mounib and Eisan, 1978).
The levels of mitochondrial malic dehydrogenase, supernatant and
mitochondrial lactic dehydrogenase, supernatant and mitochondrial isocitic
dehvdrogenase, supernatant and mitochondrial glutamic dehydrogenase,
mitochondrial agpartic aminotransferase and supernatant alanine
aminotransferase were unaffected. Supernatant malic dehydrogenase and
supernatant aspartic aminotransferase levels were elevated in the higher
PCB~exposed animals while mitochondrial alanine aminotransferase was
depressed., These results show two points: 1. the importance of separating
enzymes of different intercellular components prior to study and, 2. the
refractivity (Type 1) response of many intermediary metabolic enzymes.

The above is only a short review of some of the progress being made in
the field of sub~lethal effects detection in our laboratory. It is doviously
impossible to carry out such tests with the ease with which lethality tests
can be carried out. However such tests as these are of fundamental
importance if we wish to ensure adequate species survival as well as
individual survival. Reproduction in animals probably, the most
non-hoameogtatic and stressful time in a normal adult animals life, and the
addition of further stress at this time, whether of a chemical, physical,
psychological or sociological nature likely has a greater deleterious
effect upon the animal than at any cother time of itg adult life., Testing
procedures to document the effects of stress at this pericd represent, we
believe, one of the most important areas of investigation for the
envirommental toxicologist of today.
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Figure 1. Autoradiogram of grey seal

in vitro incubates. Symbols, P-precursors
?-unknown, DOC-1l-deoxycorticosterone,
P-corticosterone, A-aldosterone, F-cortisol,
O-control, As-As, 03, Hg-CH, HgCl,
PCB-Arochlor 1254, Cd-—CdC},J_, Se-5elly .

B 58

Figure 4. Autoradiograms of cod testes
incubates. Symbols, P-precursor,
T-testosterone, ?-unknown,
K—-1l-ketotestosterone 0,1,5,10, 50—
JgPCB/g diet.,

Figure 2, Autoradiogram of
cod head kidney (interrenal)
incubates. Symbols, FE-cort-
isone, F-cortisol, 0,1,10,100,
1000 pg/ml additins of di-2-
ethylhegyl phthalate to
incubates.,
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Figure 5. Autoradicgram of
cad head kidney (interrenal)
incubates. Symbols,
P—precursor, DOC-1l-deoxycort
icosterone, B-corticosterone
E-cortiscone, F-cortisol,
0,1,5,10,850~ },K;PCB/q diet.
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Figure 3. Level of ll-ketotestosterone in the plasma of male cod fed without and with Aroclor 1254,
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Figure 8. Photomicrograph of cod liver from control (A) and PCB-fed ood.
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RELATIONSHIPS GOVERNING THE BEHAVIOR OF POLLUTANTS IN AQUATIC
ECOSYSTEMS AND THEIR USE IN RISK ASSESSMENT
V. Zitko

Department of Fisheries and Oceans,
Fisheries and Environmental Sciences,
Biclogical Station, St. Andrews, New Brunswick, EGG 2X0

ZITKO, V. 1980 Relationships governing the behavior of pollutants in
aquatic ecosystems and their use in risk assessment. Can. Tech. Rep.

Agquat. Sci. 975: 243-265.

The transport of organic chemicals between water and air (volatili-
zation), water and sediment (adsorption/desorption), and water and biota
{uptake/excretion) is discussed. The transport is largely determined by the
respective distribution coefficients (Henry's constant, adsorption
coefficients, and bioconcentration factor). Adsorption is relatively fast
and only equilibrium needs to be considered in most cases. Kinetics is
important in the other two processes. In the water and biota transport, the
"one compartment” model and its modifications for exponential decrease of
the toxicant concentration in water, and for "saturation mechanism" are
discussed. Relationships between uptake and excretion rate constants and
the octanol/water partition coefficient are mentioned.

Key words: Pesticides; organic chemicals; volatilization, adsorption;
accumulation

ZITKO, V. 1980 Relationships governing the behavior of pollutants in
aquatic ecosystems and their use in risk assessment. Can. Tech. Ren.
Aguat. Sci. 975: 243-265.

Nous analysons le transport des substances chimigques organiques entre
1'eau et 1'air {volatilisation), 1'eau et le sédiment (adsorption/désorption)
et 1'eau et les biocoenoses {absorption/excrétion). Les coefficients de
distribution respectifs déterminent en grande partie le transport (constante
de Henry, coefficients d'adsorption et facteur de bioconcentration). L'ad-
sorption est relativement rapide et, dans la plupart des cas, seule 1'éguil-
ibre nécessitent d'etre considéré. Dans les deux autres processus, la
cinétigue est importante. Dans le transport eau et biccoenose, nous examinons
le modéle a "un compartiment” et ses modifications tenant compte de la
diminution exponentielle de Ta concentration du toxique dans 1'eau et du
"mécanisme de saturation". Nous mentionnons les relations entre les constantes
de taux d'absorption et d'excrétion, et Tle coefficient de séparation octanol/
eau.
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INTRODUCTICN

This paper deals with pollutant transfer between three phase boundaries
in aquatic ecosystems (water-air, water-sediment, and water-biota).
Laboratory studies of these transfers are discussed, paying attention to the
extrapolation of the results to the environment and to their application in
risk assessment.

TRANSPORT BETWEEN WATER AND AIR

Transport from water to air is a phencmenon familiar to those involved
in toxicity testing. In this context, transport from water to air, or vola-
tilization, is a source of frustration since one is not able to keep the
concentration of the toxicant constant when aerating water in the tanks
during the experiment.

Only relatively recently was the volatilization process characterized
quantitatively by MacKay and coworkers {MacKay and Wolkoff 1973; MacKay and
Leinonen 1975; MacKay 1979).

Without going into much detail, the volatilization rate constant KV is
given by the relationship

_ - P/H 2.-1
KV = e+ R [mot mmesTHl, (1)

where C = concentration of pollutant in water [mol m‘3]
P = atmospheric partial pressure [atm]
H = Henry's constant [atm m3mol-1]
KL = mass transfer coefficient in water [m/s}
R = gas constant (8.206 x 10-2) [atm m3mol-1x-1]
T = temperature [°K]
KG = mass transfer coefficient in air [m/s]

Equation (1) may be simplified to
KV = K(C - P/H) (2)
where K = overall mass transfer coefficient.

Before introducing some simplifications into the expression (1), it may
be useful to say a few words about Henry's constant H.

Henry's constant is a distribution coefficient of a chemical between a
gas and a liquid (in our case between air and water), that is, a ratio
between concentration in gas and in liquid, at equilibrium, and this
retationship is also valid for the respective solubilities.

H = CG/CL (3)

where CG, €L = equilibrium concentrations or seclubilities in gas and 1iguid,
respectively.
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Henry's law states simply that this ratio at equilibrium is a constant.
Partial pressure can be introduced into the equation (3), since from the
general gas equation (4) it is proportional to the concentration in the gas
phase {5)

PY = mRT (4)
where P = pressure [atm]
V = volume [m>]
m = amount of gas [mol]
R,T = as above
and P = mRT/V = RT (G {5}

The equation {3} can then be rewritten as
H = P/CL (6)

The actual value of H depends on the expression (3,6} and units used.

Recent literature uses the expression {6) and units stated in connection
with equation (1). Henry's constant is an important parameter in the
assessment of movements of a chemical in the environment and its knowledge
is required as a part of the information submitted according to the existing
legislation. To give a few benchmark values for H, one may consider oxygen,
representing a very volatile compound, and water, representing a fairly
nonvolatile compound. The solubility of oxygen at 15°C is 9.76 mg/L = 0.305
mol m~3. The atmospheric partial pressure of oxygen is C.211 atm;
consequently, Henry's constant of oxygen is 0.692 atm m3mo1 -1,

The solubility of water ig 106718 = 5.56 x 10% mol/m3, the partial
pregsure is 1.68 x 16-Z atm and, from these, Henry's constant is 3.03 x
1077 atm m3mol-1.

Low vapor pressure is not an indication of a low value of Henry's
constant and, consequently, of low volatility. As discussed, Henry's
constant is a ratio of vapor pressure to solubility. For example, the
vapour pressure of DDT is 1.32 x 10-10 atm, but, since the solubility of
DDT in water is only about 2.82 x 1076 mol w3, Henry's constant of DDT is
4.6 x 1075 atm m3mol-1.

Returning now to equation {1), KL is ysua!1y about 5 x 10-° m/s,
and the value of KG is in the order of 107% m/s. At 15°C, RT = Z.48 x 10‘2,
and eguation {1} becomes

€ - P/H

V= w0007 7057 (7)

It can be seen from equation (7) that, depending on the value of H, the
second term in the denominator may, or may not, be negligible in comparison
with the first one.

For H values of the order of 1E-3, 2.5/H is neqgligible, the denominator
is small and the substance partitions fast from water into the atmosphere.
For H values below 1£E-5, the first term in the denominator is negligible and
such compounds are volatilized to a much smaller extent.
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Turning now to toxicity tests, it is worth while to note that in static
experiments, under intensive aeration, the concentration of the toxicant in
the bulk of the solution may be in equilibrium with its concentration in the
exiting air, purging quite effectively compounds with high Henry's constants
from the solution. The equation (8) describes this situation

LN{C/CO) = -(HG/VRT)t (8)

where C,C0 = concentration of the chemical at time t and t, [h],
respectively

Henry's constant [atm m3mol~1]

gas flow rate [m3n-1]

volume of solution gm3]
gas constant [atm momol-1x-1]
temperature [°K]

— 0 < G T
LI | B L S I ||

The difference between the rate constant in equation (8) (HG/VRT) and
the rate constant given by equation (1) is due to the fact that the former
assumes an equilibrium between the concentration of the chemical in water
and in air in the whole system, whereas the latter assumes this equilibrium
only in a thin layer at the air/water boundary.

Figure 1 demonstrates the magnitude of Josses that may be expected in
static experiment with compounds having H of the order of 1E-3 to 1E-5. The
conditions of static tests are guite similar to those used by MacKay and
coworkers (1979) to determine Henry's law constants and, with Tittle
additional effort, these constants could be determined during routine
toxicity tests.
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Fig. 1. Volatilization of compounds from water under
"purge” conditions as a function of time and
Henry's constants. Volume 2 L, gas flow
100 mL/min.
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The knowledge of Henry's constants would aid the interpretation of the
toxicity tests in terms of risk estimate in the envirconment. Chemicals with
high Henry's constants are likely to volatilize quite readily and
"disappear" from water. This may lead to a widespread environmental
contamination if these compounds are persistent, as is the case with P(B's,
or to dilution below toxic levels and eventual disappearance from the
environment if the compounds are degraded. Compounds with Tow Henry's
constants are likely to remain in the aqueous phase. Environmental
contamination from a point discharge may not be as widespread as in the
previous case but, due to higher persistence in water, toxic concentrations
may persist for a Jonger time. Additional considerations have to be taken
into account as above.

TRANSPORT BETWEEN WATER AND SEDIMENT

Iin the transport between water and sediment, the term analogous to
Henry's Taw constant is the adsorption coefficient KS. KS is & ratio
between the concentration of the chemical adsorbed on sediment or on
suspended matter CA and its concentration in solution C:

KS = CA/C (9)

KS depends on the physical and chemical properties of the sediment, such as
particle size, content of organic matter and, for cations, on the number and
binding constants of cation-binding sites. For the majority of nonionized
organic chemicals of current environmental interest, KS is very signifi-
cantly influenced by the organic matter content of the sediment and
variations of KS values between sediments are decreased considerably if CA
is expressed on the basis of the organic carbon content of the sediment. In
this case KS becomes KOC

KOC = CAC/C (10)
where  KOC = adsorption coefficient on an organic carbon basis
CAC = concentration of chemical adsorbed, expressed on an organic

carbon basis
concentration of chemical in solution.

[H

C
The eqguations (9) and (10) are a special case of the Freundlich
adsorption isotherm
KS = CA/L**1/n (11}

where n = empirical constant.

The values of n are usually close to unity and at relatively Jow levels
of £, such as those encountered under environmental conditions, the
differences between (10} and (11) are negligible.

The kinetics of adsorption is more complex than that of veolatilization.
Both diffusion and mass flow (transport in water crossing the phase
boundary) have to be considered and there are no reliable estimates of the
respective mass-transfer coefficients. Fortunately, adsorption appears to
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be a much faster process than any other transport or transformation of most
chemicals in the aquatic environment. Consequently, the problem of kinetics
can be, at least for the time being, eliminated by assuming the establish-
ment of an equilibrium governed by relationships (9)-(11).

The adscrption coefficients are related to properties such as water
sotubility and octanol/water partition coefficients. In a recent paper,
Kenaga and Goring (1978) derived the relationships (12} and (13)

LOG(KOC) = 3.64 - 0.55 LOG{WS) (12)
LOG{KOC) = 1.377 + 0.544 LOG(KOW) (13)
where WS = water solubility [mg/L]
KCW = octanol/water partition coefficient.

The relationships were derived mostly using soils rather than sediments, but
appear to be applicable to aquatic sediments as well. A complication arises
from the fact that with some chemicals, for example with PCB's, the
adsorption is to scme extent irreversible. In other words, KOU values
determined by approaching the equilibrium from the adsorption side are
smaller than KOC measured during desorption. Not enough data are available
on this subject to make predictions about the generality of this

phenomenon.

To obtain the distribution of a compound between suspended matter and
the aqueous phase, the concentration of suspended matter, S, has to be
considered according to (14)

KOC = CAC/S*C (14)
where CAC = concentration adsorbed [mg/qg]
S = concentration of suspended matter [g/L]
€ = concentration in solution [mg/L].

The fraction dissolved is then given by
C/CT = 1/(KOC*S+1) (15)

where C,CT = dissolved and total concentration of the chemical,
respectively.

The rate of any process is reduced by adsorption to the extent indi-
cated by

dCT/dt = K*CT/(KOC*S+1) (16)

A detailed discussion of this subject is given by Baughman and Lassiter
(1978).

By the same reasoning, toxicity of chemicals to aquatic fauna should be
decreased in a similar fashion in the presence of suspended matter.
Qualitatively this is a well known fact, but quantitative data are difficult
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to find in the literature. If the toxicity is proportional to the
concentration of the dissolved chemical, then, from (15)

TX = K*CT/{KOC*S+1) (17N

1k

where X toxicity, K = constant.

The validity of {17) should be easy to check experimentally by measuring the
toxicity of a chemical in the presence of varying concentrations of
suspended matter with known KOC.

TRANSPORT BETWEEN WATER AND BIOTA

The accumulation of certain chemicals in aquatic biota is well known.
A Targe amount of literature is available on this subject (see for example,
Hamelink 1977; Kenaga and Goring 1978; Zitko 1980). As a rule of thumb, the
bioconcentration factors of organic compounds increase up to a point with
increasing octanol/water partition coefficient and with decreasing
solubility 1n water. The bioconcentration factor is & distribution
coefficient, analogous to (1) and (9) and, according to Kenaga and Goring
{1978) can be estimated from the octancl/water distribution coefficient
(18), or from water solubility (19).

LOG{BCF) = -1.495 + 0.935 LOG(KOW) (18)
LOG(BCF) = 2.791 - 0.564 LOG(UWS) (19)
where BCF bioconcentration factor

KOW
WS

gctanol/water distribution coefficient
water solubility Img/L].

H B 9

There is a discrepancy between predictions of BCF from (18) and (19).
Kenaga and Goring {1978) derived equation (20) for predicting WS from XKOW:

LOG({WS) = 4.184 - 0.922 LOG{KOW) (20}
Substituting (20) into (19),
LOG(BCF) = 0.431 + 0.52 LOG(KOW) {21)
Equation (21) gives somewhat higher values of BCF than equation (18).

One has to bear in mind that these equations give only rough estimates
of BCF. They have been derived from data obtained on a variety of compounds
under different conditions and by various techniques. Better predictions
are 1ikely to result from data bases Timited to structurally more closely

related compounds. For a quick orientation, some predicted values of BCF
are given in Table 1.
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Table 1. BCF predicted from water solubility (WS) and from octanol/water
partition coefficient (KOW) (modified from Kenaga and Goring

1978).
Water solubility BCF

Tmg/L] KOW LOG{KOW) from WS tfrom KOW(1&}
0.001 300,000 5.5 30,000 4,490
0.01 116,000 5 3,300 1,500
0.1 43,000 4.8 2,300 640
1 14,000 4.1 600 200

10 5,000 3.7 170 90

160 2,000 3.3 50 46

To put these numbers into perspective, the best appreoach may be to select a
few well-studied chemicals as benchmarks.

It appears that accumulation problems are likely in case of compounds
with solubilities in water below 1 mg/L and octanol/water partition
coefficient > 3 x 104 (1og(KOW) > 4.5). This general conclusion may
have to be modified in Tater stages of the assessment, depending on the
amount of chemical, use patfern, rate of release, etc.

Up to this point only the equilibrium of the transport of chemicals
between water and biota has been considered. The most commonly used kinetic
description of the process is based on the "one compartment" model (Hamelink
1977), described by (22) (Fig. 2}

CF = KI*CW*{1-EXP{-K2*T))/K? (22)

H

where CF,CH = concentration of the chemicat in fish and water,
respectively
uptake and excretion rate constants [I/time], respectively.

it

K1,K2

The bioconcentration factor 1s given by
BCF = K1/K2 (23)

To fit experimental data to equation (22), the rate constants K1 and K2 have
to be determined.

A computer program BIOFAC (Blau and Agin 1978), performs the fitting
routine and cother commercially available programs [for example MLAB
available as a component of CIS (Chemical Information System), carried by
1SCY may be used. These programs require initial estimates of X1 and K2
that are reasonably close to the actual values. The BIOFAC user's manual
describes in detail the methods used to arrive at the initial estimates. If
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Fig. 2. Approach to equilibrium in the "one compartment”
model.

excretion data are available, K2 is determined easily as the slope of LN(CF)
vs. time, and K1 is obtained from (22).

Often the experimental scatter is such that the use of sophisticated
fitting routines is not warranted and simpler procedures produce adequate
results. For example, from (22) and {23)

(CF/CW)/BCF = 1-EXP(-K2*T) (24)

It follows from (24) that, if K2 is known, the observed bioconcentration
factor CF/CW may be corrected to yield the bioconcentration factor BCF. For
example, a bioconcentration factor CF/CW of fluoranthene in shrimp is 694
after a 2-d exposure (Lee et al. 1978). The authors also report that K2 =
0.00578/h. From (24)

(CF/CW)/BCF
and  BCF

694 /BCF = 1-EXP(-0.00578%48) = N.24
2860.

Hon

The equation (24) can also be used to estimate K2 if the accumulation
curve shows signs of reaching equilibrium. For example, if the time
required to reach 50% of the equilibrium accumulation is T50, then from (24)

0!5
and K2

1-EXP (-K2*T50)
-LN(0.5/T50)

i K
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In another method, an empirical functicon that is easier to fit fo the
data than function {22) may be used. Curtis et al. (1977) compared function
(22), two “two-compartment™ models, and an empirical function (25) in
describing the accumulation of methyl mercury in bluegill sunfish {Lepomis
macrochirus). Function (25) described the data very well and was easy to

1t.

CF = A + gyror (25)
where  A,B,C = empirical coefficients
T=time
From (25)
CFE = A + 1/¢C (26)

where  CFE = concentration in fish at equilibrium.

The disadvantage cof the empirical function approach is that the parameters
(A,B,C in the above example) have no physical meaning (compare to K1 and K2,
the uptake and excretion rate constants in the one-compartment model}.

In another approach, (22) can he approximated by (27) or (28)

H

CF = K1*CW*T (27)

CF = KI*CW*T -« & KI*K2*CWxT**2 {28)

in static accumulation experiments the concentration of the chemical in
water usually decreases exponentially

CW = A*EXP(-B*T) (29)
where A,B = empirical coefficients
T = time

In this case, eguation {30} must be used instead of (22)
CF = K1*A*(1-EXP(-{K2-B)*T))*EXP(-B*T)/(K2-B) (30)

The effect of B and K2 on the shape of the function (30} is illustrated
in Fig. 3 and 4. The curves have a maximum that shifts to Tonger times with
decreasing B and K2 values. At a very low K2 {¥2 = 0.005, Fig. 4) the
maximum 7s not obvious from the “experimental” data and the curve resembles,
at a first glance, a "normal® accumulation curve.

Since the experimental data result in the determination of B (one is
supposed to measure CW during the test), and the time of the maximum TM can
be estimated from the accumulation data, X2 can be calculated from (31).
The eguation contains both LN{K2) and K2 and can be solved numerically by
iterations performed easily on a pocket calculator

K2 = LN(K2)/TM - (LN(B)-B*TM)/TM {31)
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Fig. 3. The effect of B on CF (K1 = 200, K2 = 0.5,
A= 1).
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Fig. 4. The effect of KZ on CF (K1 = 200, A = 1,
B = 0.2).
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In this process, an initial K2 value is chosen, substituted into the right-
hand side of {31) and a new X2 value is calculated. This process is
repeated until the KZ value s estimated within reasonable accuracy.

With K2 estimated, Kl can be calculated from the maximum concentration
of the chemical in fish, CFM, attained at ™

K1 = CFM*K2/(AXEXP{-B*TM)) (32)

Kanazawa's {1973} data on the uptake of diazinon were evaluated as described
(Fig. 5).

The “one compartment" model is obviously an oversimplification. "Two
and more compartment” models are available (Moriarty 1975; Robinson 1975)
but the experimental data are seldom detailed and accurate enouch to warrant
their use.

A11 the discussion so far was centered on the problem of determining
the eguilibrium concentration of chemicals in fish (CFE) and the
bioconcentration factor BCF. It was assumed that the uptake and excretion
rate constants K1 and K2, and conseguently BCF, are independent on
conceniration of the chemical. Experimental data indicate that this is
frequently not the case and that the bicconceniration factor usually
decreases (but sometimes increases) with increasing concentration of the
chemical. References to specific examples will be given later.

Majori and Petronio (1973) demonstrated that the decrease of BCF with
increasing CW follows from the law of mass action. The equilibrium constant
K for the chemical reaction {33) is given by (34}

U+ vauy (33)
g = LW (34)
LuI*iv]

where [UV], [U], and [V] = concentrations of compounds UV, U, and V.

From {34) and the material balance {35)

(Ul = 7l - fuvd (35)
where [UT] = concentration of total U in the system.
+* *
ruv] = KALUTIAIV] (36)
1+ K*[v]
acp = LWVI _ KA[UT] _ [UT] (37)

(vl 1+[V1 o 17K+ [V]

As follows from (36) and (37), functions (36} and (37) are linear in
coordinates 1/[uv], 1/[v], and 1/BCF,[V], respectively, thus enabling an
easy determination of K and [UT].
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Fig. 5. Accumulation of diazinon in fish (Kanazawa 1975).
Concentration of diazinon in water CW =
0.826*EXP(-0.0508*T). Plotted curve: K1 = 505,
K2 = 1.62, TM = 2.2, CFM = 230.

1/[UV] = K*UT] * = 1
vl om (38)
1/BCF = ——— + L [y] (39)

K*[uT)  [UT]

Relationships analogous to {36} and (37) can be derived from the "one
compartment” model by assuming that the concentration of a chemical in fish
(CF) cannot exceed a certain maximum concentration CT (“"concentration of
binding centers") and that the rate of uptake is proportional not only to
the concentration of the chemical in water (CW) but to the difference
CT-CF ("concentration of free binding centers") as well. Under these
assumptions the equation (40) is obtained

CF = (KI*CW*CT/{K1*CW+K2) ) *(1-EXP (- {K1*CW+K2)T)} (40)
where CT = total concentration of binding centers.

The equilibrium concentration CFE is then (41) and the bioconcentration
factor is given by (42)

CFE = KI*CW*CT/{K1*CW+K2) (41)
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BCF = KI*CT/(K1*CW+K2) (42)

The function (40) is very similar to the function (22) and would
explain some of the observed changes of accumulation of a chemical with its
concentration in water. One important difference between functions (22} and
(40} is that according to the former the excretion rate constant K2 is the
same during the accumulation {CW # 0) and excretion {CW = 0} phases of the
experiment. On the other hand, according to the latter equation, the
effective excretion rate constant is higher during the accumulation phase
(KI*CW+K2) than that during the excretion phase (K2). Depending on the
values of K1, CW, and K2, this difference may or may not be significant.
The applicability of the equation (40} was tested on several sets of
accumulation data.

The data of Mayer (1976) on the uptake of di-(2-ethylhexyl)phthalate
(DEHP) by fathead minnows {Pimephales promelas) were evaluated using
equations (40) and (41). It was assumed that CFE's had been reached on day
56 and the values were fitted to the equation (41) by linear regression
between 1/CFE and 1/CW. This yielded CT = 11.13 and K2/X1 = 0.0119.

The excretion data were evaluated by linear regression between LN(CF)
and T, yielding an average K2 = 0.04. Consequently, K1 = 3,36, The
equation (40) then becomes {43)

CF = 3.36%11.13*CW*{1-EXP(-(3.36*CW+0.04)*T)) /(3. 36*CW+0.04) (43)

The concentrations of DEHP calculated from (43) and those measured by
Mayer are given in Table 2. The agreement of the measured and calculated
values is reasonably good except at short exposure times when, 1in most
instances, the calculated values are considerably Tower.

Table 2. Accumulation of di-(2-ethylhexyl)phthalate by fathead minnow
(Pimephales promelas). Equation (40) fitted to the data of Mayer
(T876) (see equation (43)). CF's are in ug/g.

Mean exposure concentration {ug/L}
1.9 2.5 4.6 8.1 14 30 62
Days Md ca M C M C M C M C M C M C

.26 .07 .40 .09 .48 .17 1.2 .29 1.4 .50 L.8 1.0 2.1 2.1
3 .46 .20 .77 .26 1.0 .48 1.8 .82 2.6 1.4 3.4 2.8 3.1 4.9
7 .70 W42 .93 .85 2.2 1.0 2.9 1.7 3.3 2.7 3.2 5.0 3.9 7.7
14 .87 .73 1.5 .95 2.6 1.7 2.8 2.8 2.7 4.2 3.2 6.9 3.8 9.1
28 1.4 1,1 2.2 1.4 3.1 2.5 2.9 3.8 4.8 5.5 7.5 7.8 6.9 9.3
56 1.4 1.4 2.2 1.8 4.1 3.0 3.6 4.4 5,0 6.0 8.6 8.0 9.6 9.4

measured and calculated CF, respectively

o
=
-
[
H
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According to Streit and Schwoerbel (1976) the equilibrium concentration
of atrazine in the leech (Glossiphonia complanata) is given by the power
function {44) for a CW range from 0.001 to I mg/L.

CFE = 8.680*CW**0.740 (44)

The function (44) was approximated by the function (41) for CT = 6.04
and K2/K1 = 0.201. K2 = 0,183 was estimated from excretion data presented
in the original paper. Consequently K1 = 0.91. After substituting these
values into (40), the function (45) is obtained:

CF = B.50*CW*(1-EXP(-{0.91*CW+0.183)*T))/(0.91*C+0, 183) (45)

A comparison of experimental with calculated data is given in Table 3. The
agreement is reasonable considering that the range of CW is almost three
orders of magnitude.

Table 3. Accumulation of atrazine by the leech (Glossiphonia complanata);
equations (40) and {41) fitted to the data of Streit and
Schwoerbel (1976).

CW, ug/L 0.001 0.01 0.1 0.5 1.0
CFE, measured 0.052 0.288 1.58 5.20 8.69
CFE, calculated(41) 0.030 0. 287 3.01 4,31 5.03
Exposure, h 2 4 6 8 10
CW = 0.002

CF measured 0.05 0.07 (.08 0.08 0.08

CF calculated 0,02 0.03 0.04 0. 08 0.05
Cw = 1.0

CF measured 7.0 7.5 7.5 7.5 7.5

CF calculated 4.46 4.97 5.02 5.03 5.03

From the data of Hansen et al. (1974) the CFE's of Aroclor 1016 in
American oysters (Crassostrea virginica) and grass shrimp {(Palaemonetes
ugio) but not those in the pinfish (Lagodon rhomboides) can be expressed as
a function of CW by equation (41). The resulfs are presented in Table 4.

Turning now to the application of the Taboratory-determined BCF's to
risk assessment, it is obvious from the preceding discussion that care has
to be exercised in evaluating BCF's given in the literature. Attention
should be paid to the possibility that the reported value may not be an
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Tabie 4.  Accumulation of Aroclor 1016 by some estuarine animals. Data of
Hansen et al. (1974) fitted to equation (41).

C irgini gFEE(ug/g) C. rhomboid
C. virginica P. pugio C. rhomboides
CHW M C CW M ¢ CH M C
0.6 4.0 4.0 6.4 1.1 1.1 0.8 2.2 2o 2
7.2 32 33.8 5.4 22 0.6 5.9 21 18.2
58 95 83 38 44 50.6 56 65 112
CT 104.6 97.2 402
KZ2/K1 0.0151 0. (0349 0.145

aM,C = CFE measured and calculated, respectively

equiiibrium BCF. As demonstrated, this can be checked if the excretion rate
constant is known. As also illustrated, the BCF's depend guite frequently
on concentration of the chemical in water and it is expected that they
increase with decreasing concentration,

Generally speaking, compounds that have BCF's of more than about
200-300 in laboratory tests and excretion rate constants of < 0.02 day“l
are potential suspects for bicaccumulation problems. Even in the absence of
demonstrated toxic effects such compounds must be scrutinized carefully,
because there is always a potential for subtle chronic effects when 2
compound resides in an organism for considerable periods of time.

A review of uptake (K1) and excretion (K2} rate constants is given in
Table 5. The data were obtained on a variety of test animals. In many
cases the rate constants were taken directly from the original papers, in
some cases the constants were obtained by evaluating published uptake and
excretion data. KOW values were taken from the literature or estimated.

For the whole set, there is a significant relationship between LOG{K?2)
and LOG(KOW) (46)

LOG(K2) = 1.36 - 0.34 LOG(KOW) (46)
R = -0.476

and, as one would expect, between K1/K2 {bioconcentration factor) and
LOG{KOW) (47)

K1/K2 = -1650 + 761 LOG(KOW) {47)
R = 0.373
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TabTe 5. Uptake (K1) and excretion {K2} constants (per day} and Tog(KOW)
values.
Log
# Compound K1 K2 {KOW} Reference
1 Chloroform 162 16 1. 97
2 Trichloroethylenge 83 3 1.17  0Osaki and Ogata
3 1,1,1-trichlorpethane 137 3 1.63 1977
4 Carbon tetrachloride 188 7 2.64
5 4-chlorobiphenyl 22 0.21  4.26
6 2,2'- d1ch10r9bzpbenyi 39 0.33 4.04
7 4,4'- 8 0.07 5.18
g 2,3,2',3° tetrachiorob1pheny? 140 .14 4.83
9 2,3,5,6- 123 0.19 5.46 Sugiura et al.
10 3,4, 3’,4' " 147  0.11  6.04 1978
11 3,5,3',5¢ ) 136 0.14 6.8
12 3,5- d%bromob1pheny} 56 .12 5.78
13 3,5,4'- tr1bromob1pheny] 199 0,02 6.41
14 3,5,3',5'-tetrabromobipheny? 183 Q.05 7.41
i5 Tetrachloroethylene 86 1.98 2.88
16 Carbon tetrachleride 97 5,50 2.54
17 p-dichlorobenzene 136 0.63  3.38 Neely et al. 1974
18 Hexachlorobenzene 450 0,057 6.18
19 2,2',4,4'-tetrachlorodiphenyl oxide 293 0.024 3.40
20 2,2',4,4'-tetrachiorobiphenyl 286  0.03  3.49  Branson et al.
1975
21 Chlorodiphenyl ether 358 0.48 4.08
22 Butyl chlorodiphenyl ether 216 0.72 4.p1 Dranson 1976
23 o-BHC 92 0.8 4.44
24 y-BHC 75 0.75  4.04
25 Heptachlorepoxide 578  0.34  5.03
26 a-endosulfan 295 0.49 4,92 Ernst 1977
27 Dieldrin 490 0.31  5.19
28 Endrin 766 0.40 5,11
29 DDD 1270 0.14 5.81
30 Chlordane 40 G.4 4.51 Moore et al. 1877
31 Pentachloropheno] /4 2.4 5.01  Glickman et ai.
32 Pentachloroanisole 100 2.4 5.5 1677
33 Phenol 107 59 1.66 Kobayashi et al.
1976
34 Carbazole 5700 49 3.29  Southworth et al.
35 13-H-dibenzo(a,i)carbazole 13000 1.85 5.59 1979
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Fig. 5. Accumulation of diazinon in fish (Kanazawa 1975).
Concentration of diazinon in water CW =
0.826*EXP(~0.0508*T), Plotted curve: K1 = 505,
Kz = 1.62, TM = 2.2, CFM = 230.

1/TUV] = K*[uT] * 2+ 1

vl [UT] (38)
1 1
1/BCF = + * Ty
K[UT]  [UT] (39)

Relationships analogous to {36} and (37) can be derived from the "one
compartment” model by assuming that the concentration of a chemical in fish
(CF) cannot exceed a certain maximum concentration CT (“"concentration of
binding centers”) and that the rate of uptake is proportional not only to
the concentration of the chemical in water (CW) but to the difference
CT-CF ("concentration of free binding centers") as well. Under these
assumptions the equation (40) is obtained

CF = (KI*CW*CT/(K1*CW+K2) Y*(1-EXP{~(K1*CW+K2)T)) (40)
where CT = total concentration of binding centers.

The equilibrium concentration CFE is then (41) and the bioconcentration
factor is given by (42}

CFE = KI*CW*CT/{K1*CW+K2) (41)
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The relationships are not very good. Widely different chemicals and
test species including mussels, fish, and Daphnia may be largely responsible
for the poor fit. Relationships obtained on more homogeneous sets of
chemicals and test species are much better. For example, for aromatic
hydrocarbons and azaarenes

LOG(K1) = 2.82 + 0.249 LOG(KOW) (48)
R = 0.839

LOG{K2) = 3.78 - 0.593 LOG(KOW) (49)
R = -0.973,

for halobiphenyls

LOG{K1) = 0.786 + 0.212 LOG(KOW) (50)
R = 0.741

LOG(K2) = 0.178 - 0.203 LOG(KOW) (51)
R = -0.649

Ne relationships are observed for organophosphate pesticides. Lack of
data may be partly responsible for this.

SUMMARY

This paper discussed the movement of organic chemicals between water
and air, water and sediment, and water and bicta, and reviewed some
mathematical relationships describing these processes. The main parameters
in these relationships are the respective distribution coefficients:
Henry's constant, the adsorption coefficient, and the bicconcentration
factor.

Adsorption appears to be faster than either volatilization or
bioconcentration, and matters can be simplified considerably by assuming
that adsorption processes are at equilibrium. On the other hand, the
kinetics of volatilization and of bioconcentration must be considered in
most circumstances.

In laboratory studies with aguatic animals there is no need to be
concerned too much about volatilization of the toxicants, as long as the
concentration of the toxicant in water is measured, but Henry's constants
may be determined as well, since it does not take much additional effort.

In studies of bicaccumulation more attention should be given to the
dependence of bioconcentration factors on concentration and to quantitative
descriptions of uptake and excretion in general.

The search for gquantitative structure-activity relationships is a
continuous task, bearing in mind of course that such relationships are just
one of the tools of environmental research. The same may be said about
mathematical description of environmental processes and environmental
modeling. These are tools that, if nothing else, help to clarify our
thinking, may focus attention on, and improve understanding of, the movement
and fate of chemicals in the environment.
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Cur primary objective is the protection of the aquatic environment. To
this end there is a continuing need for toxicity data, knowledge of the
mechanism of action at the molecular, organism, and ecological levels, and
actual and anticipated movement of chemicals through the environment. In
the regulatory process we will be more and more involved with the assessment
of new chemicals and with the adoption of realistic control measures. To
meet these requirements, we must be open to and use new tools from our own,
as well as from related fields.
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APPENDIX I
A REVIEW OF AQUATIC TOXICITY RESEARCH ACROSS CANADA
S.L. Leonhard
Freshwater Institute, 501 University (rescent, Winnipeg, Manitoba, R3T ZN6

The fcollowing tables summarize the results of surveys solicited from res-
earchers in the designated regions. The input was presented as a poster
dispiay at the Sixth Annual Aquatic Toxicity Workshop in Winnipeg. Sincere
thanks are extended te the individuals who compiled this dinformation and to
their numerocus co-operative contributors, Apologies are offered to those
researchers who, inadvertently, may have been missed.

B.C. region: D. Mcleay
Programme Leader Aquatic Toxicology
Division of Applied Biology
B.C. Research
3650 Wesbrook Mall
Vancouver, Canada V6S 2LZ

Prairies: B. Hammond
Alberta Environment
Research Secretariat
Oxbridge Place
9820-106 Street
Edmonton, Alberta T5K 236

Ontarioc: G. Craig
(excluding Great Lakes Ontaric Ministry of Environment
Biolimnology Lab.) Limnology and Toxicology Section

P.0. Box 213
Rexdale, Ontario M9W 5L1

Ontario: A, Niimi
Great Lakes Great Lakes Biolimnology Laboratory Burlington
Biolimmology Lab.) Canada Centre for Inland Waters

867 Lakeshore Road, P.0. Box 5050
Burlington, Ontarico L7R 4A6

Quebec: C. Blaise
Envivonment Canada
1001 Pierre Dupuy
Longueuil, Guebec

Maritimes: P. Wells
EFS - Environment Canada
5151 George Street
Haiifax, Nova Scotia
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3. McLEAY REGION: PACIFIC
Agency and Endividual Organism Parameters Toxicant
Location or Group under
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Apency and
Location

individual
or {roun

Organism

ar T
Investiga

Toxicant

B.C. Research
vancouver

McLeay
Gordon

J.M. Leach

leach

¥, McLeay

J.e. Mueeller
E.G.H. Leea
-R. Gerden
J.C. Mueller
B.J. McLeav

Rainbow Trouk
Coho Salmon

Raichow Trout

fis Owster
mmon Mussel

iPartial Jife-cvele studies

Chemiczl Anaivses, Toxic
comstituents

Bigaccumulation of
chicrinated organics

Muragenicity
{ames Test)

fish Flesh taic

Routine monivoring

Herbicides

luen

Kraft fulpmill effiuen

Industrial efflvents
chamicals

111 effluent

o

EPS, West Vancouver

Freshwater Group

Plasma cortisol

.
in conjunction with tistopathology
Resources JServices G4 hy LCKGmsL,tiV
Branch, BD.F.0. -
EPS, West Vancouver Freshwater Group
i nction with
o . .
isolation of
fractio
REVIEWER: B. HAMMOND REGE ALBERTA / SASKATCHEWAN
Agency and Individual Organism Parameters Foxicant
location or Group under
Investigation

Environment Canada
Environmental
Protection Service
Herthwest Region
Edmonron, Alherta

Aguatic Toxicology
Lak.

14317128 Avenue
Ldmenten, Alberta
TSI 3H3

Acute Lethality

Acute Lethality

Acute Lethality

. Induseri:
. Indusrrial
and praducts

Ia

[

Gil explora
drilling fluid wastes
Drilling fluid
CORpOTETLS

3

1. Developmental work
using standard chemical
toxicants eg. WH,C1,
Phenoi, etc. -

2. Industrial effluents

Alberta Enviropmentzal
Centre - Vegrevillie

Recyole Water Treatment
System for Toxielry

studies and wsing Fish
and Aguar Tavarte

Water Gualiey Control
Branck - Edmonton

¥. Lake
J. LeFebvre

Rainbow Trout

| o

Heavy metals and ammonia

Alberta Environmental
Centre/Water Gualiey
Control Branch
Edmenton

W. lake
E. McGuinnes

Monitoring and
surveillance of industrial
liguid effluents

University of Calgary
Biology

R. Bavies

Fizh and Invertebrates

LG50 metabolism

Chlorine and chiorinated

arganics (sewape}

University of B.C.

D.M. Reid Phvtoplankton Reproduction Low levels of Ethvlens
. Sanderson Ames testing Carcincgens /nutagens Folvevelilcs in used oil

[
iy
re
[
&

Tem

L.4, Beahils

Fapularion

Surfactants/pulp miit
affluents
Spent sulfide liquors



Aszeney and
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Parameters
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Toxricant

Gniversity of Calgary
Pathology

H
1
iR.L. Moore
|

Upiversity of Calgary/
Kananaskis Centre

%, Prake

B.L. Bzker

M.T. Strosher

Ames testing

roincgens /mutagens

General mutagenicivy

Idantificarion

Amesn

{Ames and Chemical

Aly and HWater

Larcincgens

ALl mutagenic compounds

Pnlversity
Prarmacol

of Alberta

iversity of Alberts
Zoology

W. Mackay

Goldfish

rophvsiology

Orgznophosphates

Transpo physiology

Metals

S. Hyadey

Rainbow Trout

pH and hardness op LE3O

Long chain fatty acids

AQSERP FUNDED RESEARCH

Alberta Environment Y. Lake Hainhow Trout FER-TL50
Peilution Centreol W. Rogers Teout-Ferch
bivision
Aguatic Enviromments P, Meart Lake Chib G6n-1.050
Ltd., Calgary ¥, Ts : Sucker S03-1.C50
B, McMahoo Ralnbow Trout Meramorpneosis Growth

T.ake White Fish

Osmoregulation
Coughing relflex
Hematoerit

Blood and Tissua jon
Levels

611l histclogy
Fertilizatios stccess

iMine depressurization
water

Mine depvessurization
warer

University of Guelph
Guelph

J.B. Spragte
B.A. Heldway
D. Srendahl

Rainbow Irout

Zehrva f1sh

American Flagfish

F6h~LL50

Vanadium

F

JNDED BY SYNCRUDE +

#Acuatic Environments

Led.

B. McMahon
F. McCant
4. Pelrzner
G. Walder

Rainbow Trout
Mountain Whirefish
Arctic Graviing
Lake Chub
Fathead Chub
Whize Sucker

|98n-1.050
Swimming performance

Mine depressurizatioen
water

Toxicelngy Ressarch
Lroup

College of Graduate
Srudi

Dr. B. Schiefar

Pharmaceutical
Research andé Analvses
Laboratory

College of Tharmacy
University of
Savkatchewan
Saskatoon, Sask.

Lr. LK . Sorecki

College of Veterinary
Madicine

University of
Saskatchewan
Saskatoon, Sask.

Dr. G. Wohesser
P. Daocust

Trout

Regina Water Research
In:
University of Regima

Dr. D.R. Cullimore

Sewveral svecies Algae
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Lake whitefis

Muzele

josl

indler Timnology

metals and
erattions

ac ey Algas Community

L Lake yxout, nulation Acid
Gl struchures;
. vies Population size and Acld

age structure

++
fa halance

Zooplankten Pepulation responses: Acid
commupity composition

R, France Crayfish Growth and reproduction Acid
{Grad. i

DL Se

R. Hero FPepulavion size and deid

srudent with
Bindle

age structure

rad.
.4,

. RHamsay
T student with
£, Paralaz)

Ecosyster
Section

oxicology Lockhart irtake and loss and meta-

belism of various crganice

Blouw
n.A.T. Murray

kalfluralin, Terbutrys,
Fluridone, Methoxvehlor,
lclosamide, Fenirrothion,
1 « of various organics{Abate, Permethrin,
{Buckwend} Growth Erenite, Glyphosats,

Z,4-D

ficcasional use of Upta of crganics Othar Urganics
Tnvertebrates Fnzyvme Inhibition Hexachlerchiphenyl,

onomids, Terphenyl Coolant, Atlox
Stoneflies Corexit Surfactants

Figld~ Methyl-M
eries of

ST CUTY

Preference/aveidance scid waters
TEIPONSEs | Hg, Cd, Cu, In
locomotor activitys Orzancphosphate
OpLOEOLOY Tesponse; pesticides

rheotaxis: wvisual ac
and orientation

Bxperimental herbicides

Whole-life cycle studies;
oreference/avoidanc
locomator behaviour;

trichoptera drift
plecoptera
W. Framzin Wild Fish Populations | Growth, Numbers, Survival,]Metals sspecially hase
Recruwitment, Fecundity, #etals

Bigdaccumulaticon, Feeding
Ecology
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Agency and [ndividual Crganism Parameters Toxicant
Locaticen o7 Group under
Tnvestigavion
Fisheries and Oceans |M. Povoledo 1N
Treshwater Institute
Ecosystem Toxicology {organic and
Section inorganie) to
Ozganic Chemicals on1 A priority
Toxicology list for further study
2. Interaction of humics Paraguat
wl, herbicide
Acidificarion J. Rudd Whole scosysten Dvnamics of mercury Mercury and selenium
Ecotoxicoiogy movement into hiota
Sacreria Mercury
£LF, Tlannagan Aquatic Invertebrates {Ecological impact of sticides
treatments
3.G. Cobb Cholinesterass activity drganophoeapt
in brain insecticides
M.K. Friesen Uptake from water and
sediment
Effects on mouliring
Tish Toxicity A. Giles Raindow Trout Cardiovascular—Respivatoryidcid
R. Dapell funcrion Cadmium

H. Majewski

Kidney funcrien
Tonic regwlation

Fisheries ané Oceans |¥. Lawrsnce Lake Whitefish Avoidance
Freshwater Insticute Rainbow Trout
Fieheries and Oceans S.C, Lawrence - Biomass fluctuacions,
Freshwater Institute M.M. Heoloka uotake of toxicant,
Ecosystem Toxicology morphelogical changes
Section
Acidification $.G. Lawrence Laka =zooplankton Revroductive changées
Ecotexicology M.H. Holoka necies divergitv, hiomasse
ifluctuation
|
5.G. Lawrence Lake zooplankton jFeod web structure aand
M.H. Holoka funetion
$.1L. Leonhard caleium

Zoolegy Department
iniversity of Manitobal

2r. J.W.T. Dandy
(i student)

Br. M. Samoiloff
{3 students)

Rainbow Trout

luprake

Carcincgens i

Pestieide Research
taboratory

Dept., of Boil Science
Taiversity of Manitoba

Depariment of
Microbinlegy
Eniversity of Manitoba
Winpipeg, Manitoba

R3T 2ZN2Z

N.E.R., Campbell
R.T. Hamilton

Mosguitoes

¥arhead Minnows

Degradatlon, residues
Fate

itroges Crole
Lvents

Figation
Denitrification

Ptropen

Brilling muds

Cadmium

[

zol

Cadmium;

avy meltals,
esticides
Acld, heavy metals

Heavy metals, pesticid

Cadmium

tifecks of Gli rotkion
chelinesterase acti

and on Tegpiratory rabes

and swimming speed

Muragenasis and (A simple assay for heavy

wetzls, pestlcides,
Industrial wastes,

8iological products

Parmothrin

Gevernment of Manitoba
Water Pollution
Contrel

{Water Qualitv)

M, Morelli
D.J. Brown

Surface Watgrs

Horth of 337 Parallel
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tniversity of Manitcha|R. Blackflies E ets of iarvicide Methoxyenlor

and B. Smith treatment on biackflies 0.0} ppm for 15 minures
Manitoba Depatrtment A. Kolaeh % contyol and distance
of Agriculture dowmstream coatrol is

(=2

The City of Wimnipeg R.A. Ellis Mosquitos: Larvicides Organophoesphates
Ipsect Control Branch Baeteris
Chitin inhibirors

Juvenile hormone analogs

3. Buth Gubliethal effents Precocene
Antijuveni
BaySir

JER:  G. CRAIG REGL:  ONTARIG

ey ansd Tndividual Organism Parameters Toxicant
n or Groaup under
Investiga

ocati

fntaric Minfstry of K. Sumns fdentify mercury dynamics | Merocary
the Environmment €. Curry in Wabigoon River and
Rexdale, tntario sources from matural
E sinks
|
Suns {Fish Establish background Pesticides, POR's Heavy
C. furyy informacrion and trends Matals
of cributary impact on
Grear Lakes fishes
K. Suns Figh Contaminant souree
C. Curry identificarion and
possible bioaccumulation
in fish
dntario Ministry of entification of the

toxic and mical mature
iof various industrial
effluents including:

the Eavironment
Head - Toxicity Unit
C. Craig

Rainbow Trout Ontaria FPulp and Papa
Mills

[

J. Munzo Rainbow Trout St Clair River In
#. Flood Complex (Organics)
K. Holrtze Rainbow Trout Gold and Uraniuvm Mining
Oparaticns

K. Sums iFish Comparison of fish, PCH'g

H sediment and warer to

H astabl relazionships

of transport

K. Sumns Fish Impact of road ociling on {PCB's

PLB contamination of
inland fish

E. Suns Fish Mercury accumularicn Mercury -~ Acid
C. Curry fish in acid stressed Precipitation
lzkes
dniversity of Orrawa R. Enpaihazdt Rainbow Trout Behaviour, reproduction Metacil (Carbamate
P. Weimberger Alackfly and Mosguito |Reproduction Insecticide)
$. Qadri Larvae
F. Brillon Algae Greowth "
” Algse Growth, survival Seniprothion {organo-

shosphate insecticide}

R. Engelhardt Rainbow Trout, Seals Acute toxieity, Subliethal | Petroleum Hydrocarbons
affects, feeding,
reproduction, uptake

br. B, Kushner :3£ue"green algae, Acute Tomicity Heavy Metals
;bacteria
1
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B, Spraéue

Hutchinson

i Colonization of

water chemistry

Toxicity

University of ilvie Brook Trout Thermal tolerance Acidic water
University of Rainbow Trout Bheotropic response as
terioo indicator of texicity
Watarieo, Ontario
" Bacteria Toxic Chlorinated Organ in
H Sediments
" BacTeria Tifects of rain on d Rain
growth and ivigy
Lffect of bacterial azction
on relaase of toxic
compounds from sediments
" Dezradation and cveli Tiguag, Fluridone
of aguatic herbicides in
freshwater systems
niv ity of Waterliog KNew methods fo determ Fenrachlorephenol
Waterleeo, dntario subiethal damage on azlgal
cells
Algae Membrane properties as Heavy metals
indicators of voxic
cts
larion of metals [Eeavy metals
i
asration for |Agricultur Waste
phates and
- . . B oty
ity ol Toronto Holeton Trout 5 on Hvdrogen ion (4 )
srontn, Osterio Boork balence aad immo
Hcfmann ragularion
g, Harv
B, Harvey Salmonids on development and
iG. Booth H reproduction
eshwater Tish
- ——
York Uni Algae acetic
Toronto,
L Za)e

Iow pkE

Metals ~ low pH

Aeid precipita

Lime-treated acid lakes

Heavy ms

Heavy metals

and alkal
on toxXicity

:tals in

Zinc

Treour

menochlars
exide
iphenyi

a olefin (PA0)
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Great Lakes P. Wong Toxicity of Matal Mintures te Freshwater algae
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Poxicity
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Agency and
Location

Individeal
0T Group

Organism

Parameters
under
Investigation

Great Lakes
Biolimnology Laboratory
Burlingrzon, Optario

Al

A. Wiimi

AL

A. Nidmi

¥. Hodsom
P. Hodson

Fish studies

Fish studies

Fish studies

Fish studies

Fish studies

Tish studies

Hexachlorobenzene {HCB) Levels in Lake Ontario
Salimonids

Aduliv lake troust, rainbow trout, and coho salmon
were collecred from Lake Ontario and analvzed for
HCB to provide information on the status and
probable kinetics of HCB in the (reat Lakes
enviropment, Mean HCB levels for the three species
were 80 np/g, 62 ngfg, and 36 ngfg respectively.
BCE levels increased significantly with bedy weight
for wach specles suggesting this compound will
bicaccutiizte. There were distinect differences in
the body burden o weight relationship among the
rhree salmenid svecies that would suggest food
habits and/or apge may be conttibuting facters to
bedy residue levels, Canada ha® no guidelines
regarding HCB levels in food products while the .5,
Enyironmantal Protection Agency have adopted an
interim action guideline of 500 ng/g in the fav of
doftestic animals. To put the significance of tha
ECB levels of the three species examined into
verspective, the HOR levels in the fat of the fish
tested were caleulated. The expected HCER in fat
averaged 500 ng/g for lake trout, 700 ng/g for

show trout, and 500 ng/g for coho salmon.

Uptake of Hexachlorpbenzens {HCB} from Food by
Rainbow Trout

Field sampling studies have established HCE levels
of 40-80 ng/g in Lake Onta salmenids. Since HCE
leveis In Lake Ontario waters range from 0.6053-0,1
v2/1, the most probable pathway feor vicaccumulation
would be through the food chalin. To examine this
pathway, subadult rainbow trout were fed a dried
dietr containing 0, 0.5, 1 ng/le, 0.5 and i pgfg HOB
daily for up te 37 davs. Initial results suggest
figh fed the 1 wpg/g diet for 37 days contained a
mean body burden of 660 ng/g HCE.

Uptake of Waterborne Pentachlorophencl {PCP) by
Rainbow Irout

PCP is a industrizl chemieal that is highly soluble
in water. The sciubility of 14 mg/} for PUP is
increzsed to 4000 mz/l when converted to its sodium
salt Na~PCP.  This compound is used in significant
guantities by the forest products industry. levels
of nearshore Grear Lakes waters average 5-20 ng/l
but gan increase zo 2 pg/l in ar=zas such as the Bavy
of Ouinte apd Detreit River. In view of these
properties, the uptake of waterhorne PCP being
examined. Adult rainbow trout are being exposed fo
waterborne PCP at concentrations of 30 ng/l and 500
ng/l for up ro il5 davs These fish will be
analyzed for PCP, and its wetabolites pentachlero-
anisele and tetracklovophenel.

Upeake of Pentachlorophenal {PCP} Erom Food by
Rainbow Frout

Inttial resulze from GLBL's Grear Lakes Contaminants
Survelllance Program indicate PCP levels in the 1-10
ngfg range in fish., To examine the kWinetics of this
comtpound, subadult trout were fed diets containing
@, 0.5, 1 ng/g, and 1 wg/g PCP te sariation daily
For up to 115 davs. These fish will be anzlvzed

for PLP and its metabolites.

Interaction between Dietary Fat and Pentachlorophenol
{PCP) iz Fish

In view of the effect PCP has on the oxidarive
phosphorvlation process, hence the energy require-
ments of an organism, a study was conducred to
examine the effect of dietary fatr on PCP rexicity.
The results suggest a0 apparent effect was evident
for shorf-term exposuras.

Effects of Pentachlorophennl (PCP) on the Early Life
Stages of Rainbow Trout

The occurence of PCP at low concentrations has been
monitored ip many water courses that is used for
effluent discharges by the forest products industry.
To examine the potential effect of this compound on
seif sustaining populatioms of fish like rainbow
trout that use these waters, the effects of PCPF on
the early life stages were examined.
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Agency and
Location

Indivicdual
or Group

Organism

Parameters
der
Investigarion

Great Lakes
Biclimnology Labaoratory
Burlingson, Onzario

P. Hedson

P. Hodson
P. Wong
J. Hilton

{(Visiting Fellow
with P, Hodson)

J. Hiirton
(Visizing Tellow
with ¥, Hodson)

Hilton
(Visiting Fallow
with P, Hodson)

T. Borgmann

Fish studies

Fish srudies

Fish scudias

Fish srvudies

Fish srud

Fish studies

Iovertebrate grudies

Zffzct of Temperature on Lead Uptake bv Rainbow
Trout

The effects of temperature on phvsiolopicsl ratos
has been well dccumented for processes such as
resniratory metabolism and grewrh in veikilotherms.
To demongtrate rhis effszct op the respomse of fish
to enviroamental toxicants, rrout were thermally
dcclimeted to temperatures of 5-20 €, apd exposed
to iead. Preliminary rasu suggest chronic
toxicity should inmcrease with temperature based on
increased uptake.

Impact of Lead on Great Lakes Fishes

To confirm the results of lead toxicity on fish that
Has besn deris from laberztory studies, specimens
are now baing sampled from the fieid. ZSalmonids
from lLake Ontaric, and carp, bullheads, and chammel
egtfish from Hamilton Harbor are being analyvzed for
levels of blood lead and erythroeyte amino levalinic
acid dehvratase (ALA-D) activity as indicators of
Jead exposurs.

Methylation of Lead by Rainkow Trout

Eariter studies had demonstrated the presence of
mathvlated lead compounds in ssveral species of fish
collected from the Great Lakes. To establish the
probable source of these compounds, raisbow trout
iare being exposed to organic and isorganic compounds
%DI lead to examine the methvlz w process, and Lo
imonitor the uptake and depuration of tetramethyliead.
The contribution of the microorganisms that inhabit
the fish's intestine to the methvlation process is

¢ being axaminsd.

Inreractive Studvy of Waterbeorne Lead Toxicity and
Tryprophan Metabolism in Rainbow Trout

Earlier studies in this lsboratorv have chserved
that certain sy s of waterbovne lead toxicity

in trout suggests a fryptophan deficiency. This mav
indicate rthat iead interferes with the metabolism of
tryptophan by possibly blocking rryptophan uptake in
certain ecygans or by dirvectly blocking metabolism of
ithis amino acid. A srtudy iz in progress o deter—
Zmine the effect inereased levels of tryptophan in
| the diet on lead toxieity in trout. An investiga-
tinpn of the merabolism of IAC jshelled tryprophan in
the trout brzin will slso be attempred.

Iseolation and Identification of Seleno-Compounds in
Rainbow Trout

Studiss in this laboraterv indicate that trouh can
store very high levels of selenjium in the iiver

(100 ys/g dry weight) without any appareant histo-
pathological or phvsiological effecks. This suggests
that these fish have an efficient detoxificarion
mechanism. A study 1s in progress fo determine how
ies selenium and what compounds or
trapsformation producis of selenium are faormed. The
studv will atte to locate and identify these
seleno-compounds in trout apd how thev relate to low
and toxle levels of selenium in diets.

Chronic Dietary Toxicity of Triphenylphosphate to
Rainbow Trout

Previcus studies have established that certain water-
borne triarvliphosphates are extremely toxic to trout
and produce several phvsiological responses such as
lens cataracts apd s 1 deformities. A study iz in
srogress te determine the touicity of triphenylphos—
phate to rainbow trout administered through the feed.
The study will examine the physiolegical respomse of
tha troat as well as the metabolism of this compound
in the tout.

Effect of Mertal Mixtures on Natural Cepepod
Populations

To relate the results of lazboratory studies of
metal texieciry on D to natural conditions,
the effect of varving concentratioms of individual
metals and mixtures of Cd, Cu, Hg, Ph, As, and Zn
on the production and growth rare of Lake Ontario
copepods are being examined. Weeklv samples of
copepods are also being collected from Lake Ontario
and exposed to {d, Cu, snd Hg to determine seasonal
variavions in toxicity, and probable factors that
may cause these variations.




278

Agency and Individual Organisms Parameters
Location ar Group undear
Investigation
Great Lakes U. Borgmann Invertebrate studiss | Examination of Mixed Function Oxidases {MFQ)
Biolimnology LabDFator, Activity in Aguatic (rganisms
Burlington, Ontario
MFO aecrivity can be used as a messure of the ability
of organisms to deroxify aromatic hydrocarbons. an
assav for benzo(a)pyrens hvdreoxviation in crusta-
ceans iz being developed to mopitor the effects of
eompounds such as PCB's and ECB on aguatic
organisms,
B, Wilson Invertebrate studies | Acuta Effects of Lead and Cadmium on Various Species

(PbD candidate with
T. Borgmanm)

B.

Wilson

{PuD candidate with

.

B.

Borgmann)

Wilson

{PhD candidate
. Borgmann}

3.

Millard

with

Invertebrate studies

Invertebrate studies

Model ecosystems

Model

2COSYSLems

of Freshwater Crustacean Zooplankton

A 10-stage, one order-af-magnitude microdilutor
system is being used to study the acute 36h effects
of the nitrate salts of Pbh and €& on four gpecies of
crustacean zoeplanktors. The species heing examined
lude the often—studied and lab-cultured Dapind

z8 wall as three common field species

= 2 ateilis, and D
. All species are being exposed at
a geries of at least three temperatures covering
the normal in temperature range of each animal.
The purpose of this project is to es tish the
applicability of O, magss test results to other
species, and to examine the effect of temperature
on heavy metal toxicity,

Response of Varicus Spe of Freshwater Crustacean

Zaoplaunkion fo Light

The phototaxis of crustacean zooplanktom is a
behavioral response which is ofrenm cited in studies
of vertical diurmal migration, dut which has bzen
anly poorly quantified. Experiments are being
carried oust using the same species and temperatures
utilized for the acute toxicity study, to gquantify
this response. Dark-adapted animals are expesed to
specific cowhinations of wavelength, intensity, and
temperature lor a pre-determi , Optimal time

period in a one meter horizontal (to pegative
geotactie responses) chamber, Phototaxis ig
quantified as a percentage shift in the meac positicn
of the sample of 23 animals., Resulrs are fitted to
mu] ariate relationship using wawv
intensity, and temperature interacrions.
project is also used o establish the use ol photo-
racric rasponse as a indicater of subiethal heavy
metal toxicity,

Chronic Bffecrs of Lead and Cadmiwm on the Light
Respense of Freshwater Crustacean Zooplankton

One laboratory and three zooplankton species are
being exposed to lew concentrations of lead and
cadnium for periods up to 16 days to study the toxic
effects of these heavy metals on phototaxie. A
aingle temperaturs common to all species is being
used for exposure and testing. LiIght response
experiments utilize the wavelength of maximm sensi-

jtivity and on intengity ensuring maximufl response in
scontrel animals.

The results suggest 2 teduction in
inctreaging concep-
te each meral.

light response resulting from both
rrations of, and time of exposure,

Lake Column Simulator System

The lake column simulator complex at GLBL 1s one of
the largest laboratory based model scosystems. Each
of the eight columns is 4 meters in height and 1
neter in diamerer with a working capacity of 3100
liters. A peripheral cco
water column o be thermally stra
Zach column 1s illuminated with a 106D watt halogen
lamp which produces a surface intensity that is
approximately 40% of suniizght, and is sufficient tc
ephance 2igal growth., This svstem can m i
binlogical community conteining 3 te & trophic
levels Tor experimental purposes These columns
have been used for studles on e kinavics of
atrazine, phesphorus, mereury, and PCETs.

Partitioning of PCB's in a Medel Plasktonic Ecosys—
tem: Influence of PCR® Loading Rate, Hcosvstem
Productivity, and Inorganic Particles

Studies on the kinetics of POCRB's in a planktosnic
commuzity have heen initiated u 2 the Izke column
simulator svstem. The results sugpest particulates
such as clav particles and algae play a significant
role in the movement of PCB's from water into the
food chain., Factors that could affect the rate of
transfer Includes the size and demsity of clav,
algae, and zooplankton.
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REVIEWER: C. BLAISE

REGICH: QUEBEC

Agency and
Location

Individual
or Group

Grganism

westigarion

Toxicant

Concordia University
Dept. Bieclogical
Sciences

Sir Ceorge Williams
Campus

Montreal, Quebec

F.80. Anderson

Ruby
E. Maly
G, Leduce

P.D. Anderszon
P. Spear
Dl4pallinis
Perry
deluca

J. Dek

Zebra Fiskh/Rainbow
Trout

Flagiish/Rainbow Trout
Dordnrio-Rainkow Trour
Rainbow Trout

Rainhow Traout
Rainbow Trout

£C50/Reproduction,
multiple toxicity
Reproduction oogenssis
Growth/reproduction
Physiologv-hiochemiscry

96H-LC50
incipient lethal levels
sub-lethal tests

muloiple toxicisy

Heavy Meralis

Cvanid
Cadmium
Cranide

, Acid Water
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Agency and Individual Organism Parameters Toxicant
Tocation or Group under
Invesatigarion
Noranda Research M.R. Spever Rainbow Trout Regulatery bioassays, Hg Heavy merals, effluents,

take

Flotation reagents

Centre R.L. Levague-Charron k.
. Wood xicity of contaminated Heavy metals
R, Prairie sediments
Impact studies at various
smelters and mines
. - - i .
|
MeGiil University L.D. Spraggs Rainkow Trout Toxieity aveidances with Seiected
L. Hadjinicoloun Algze relation to fluid mechanic| Industrial
: problems, jers, diffusers | Wastewaters
! - » -
EPS (E.C.} C. Blais Trout Trout bio-assays Industrial effluents
H. Bermingham algae Algal bio-assavs Contaminants
R. Legauit Protoluminescent Miecrotox
bacteria
Eco Raecherches . Thellen Poissons (Tish? LC30 {Effluents Industriels
(C.1.1.) (Industrial Effluents)
%, Vancoillie iDaphnies / LT50 Produits chimiques
; {Chemieal Producrg)
R. Schoeneit ialgues {algae)} Recuperation {Recovery) ffluents municipaux
{ CL30 {Daphnies) {(Municipal lupnrs)
Fartility rest
Belaved Toxieity
Subiethal Toxicity
Fovironment }uébec 4. Jouberr Porassium dichromate
R, Cardin
L. fremblay Algae bioassay - 1050
: Primary productivity test
Mlcrotox LG50
INRS-EAY . . 4, Tegsier Algues (Algae) Algues: CI50 Sybstances Inorganigues
Universite du Quebes |P. Camphell {Daphnids) Daphnies: CI30 {Inorganics}
T. Couillard Poissons (Fish) Poigsons: CISD F¥: Effluvents Lrhains
M, Bigzen Spécistion Substances crganigues
P, Couture Bipzcecumtlation {Organics}
G. Croteau tre phvsiclogicue EX: Pesticides
; (Physiology)
Ecole Polvwtech ue C. Beliisle Rainbow Troutr, Perch, [LCS0, LT3D g, C&, Zn, As
ivarsity of {and 3 graduate Plankton sub.-lethal offects, edinent siudies
students) aveidance behavior '
L se———-
REVIEWER: P. WELLS REGION: MARITIMES
Agency and Tndividual Organlsn Paramerers Toxicant
Location or {reup under
Invesrigation
¥ew Brunswick iStream Fish Behaviour of saimonid Maracil
Tepartment of Natural particularly Salmonids|fishes Tollowing exposure

Resources

(Montreal Engineering
Company, Limited}
Fredzricton, N.B.

to Matacll, applied during
the 1979 N.B. Spruce
Budworn Centrol Program,
also effects of Matacil

on growth and population
struerure of stream fi
populations

Goverament of Canadz
Marine Heology
Laberatory
Bedford Insciture
Bartmouth, N.5.

G.C.H, Harding

Hepatic mixed function
oxidase (MFCG) responses

Tptake and clearance
rates of lahelled
cempounds

Various organics,
ipeluding PCB renlacement

Organics

PCR's
DIYT
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Parametars

Agency and Individusl Organism ! Toxicant
Location ar Croup under
Investigation
Sovernment of Capada | J.H, Vandermeulen avengric ‘Metabolism, uptake, bio- [Peiroleum hydrocarbens

Marine Ecology
Laboratory
Badford Institute
Bartmouth, X.S.

Marine bacteria

cal perturbations

[Mutagenic potential
|

Mutragenic porential
((Ames studv)

Metabolism and bio-
availabiiity

Uptake and metabolism

Uptake
Physiological responses

Government of Capada
Fisheries and Oceans
Fisheries and
Eovirommental Sciences
Regource Branch

2.Q. Box 550

Halifax, N.S5.

Shellfish

Shellfish Melluses

411 Marine Species

Lebster
Mussel

IReEatiOnships betw
muscle and Iiver levels
Changes in populations
over time

tazke and depuration

"Mussel Watch" Usage

{Analveical methodology

Assessment of
antropomorphic activity

H.G, Freeman Atlantic Cod Sublethal effects on
Brook Trout steroidoge and
sreproduction
C.M. Morrison Pathological effects on
gill, liver, intestine
and kidnewy
‘Histology and pathology
‘of mussels around Nova
Scotia
! Mussels as pellution
| iindicator
Government of Camada |[M.F. Li iCultivated mammalien  Growth

Fisheries and Oceans
Fish Disesse and
Mutrition Section
Resource Branch

P.0. Box 350
Halifax, N.S.

{cells (L-eells) and
fish cells

Oysters
Mussels
Liams

| Respiration
Cytotowic changes

idisto-p al

i changes

favailabiliry, shysiolegi-

{(PH's)

PH's

PH's

pH s

PE's

atals
P87 s

Chlorinated hydrecarbons

PCR'e, DDE, BCB, BCH,
i Se,

Phthalates

PAR's

Aminccark {carhamate
insecticide)

|
Common texic elements
PCB's

pal's

HHethvihexyl phthalate
Matacil

| Cadmium

PCR's, metals, etc.)

Varicus pollutants (otii,

As, Hg, Ph, Cu, Zm, Cd

Bgoi., G&tl,,
2

91
Fenitrothion, Matacil

Fenitrorhion
Matacil

Goevernment of (anada
sheries and Oceans
Fish Cultevre Section

£.J. TFarmer
T, Goff

Mortality af various
stages In 2 hatc

{egg, sac frv, fingirling,

i Low pH {acidity)

Resvurce Branch smolt)

P 0. Box 350

Halifax, N.S.

Government of Canada gLaboratery Bivision Rainbow Trout Acute lethality Incustrial effluents
chemicals

Environment Canada
Environmental
Prarection Service
Bedford Institute
partmouth and Halifax
H.5.

ot
. a

'W.R. Parker

AL Menon

G.F. Westlake

Seriped Bass

Threespine stickleback

Rainbow Trout
H

scute lethality

Hatchability of apgs

Acute lethality

Tptake from sediments

Produccivity and
inkibition of photosyn.

Preforence/avoidance
i
!

iSurvival, growth of larvae

P Industrial

{Industrial
Effluents
Marine effluents
Industrial chemicals

Metals
PCR's

Industrial wastes
Matural waters

IPulpmilE affluent

Contaminated river water



Agency and Individual Paramerers Toxicant
Location or Greun under
Invesrigarion

Canada
L Cazada

nment of

Gove
Invironse
Environmental
Protection Sarvice
Bediord lnstitute
Dazrtmouth and Halif

F.S5.

S Harriw

Pué. Welis

hreespine sticklehack

Ay @

Zainbow Trout
Crustacean Larvas

Rainbow Trout

Lethality

Lethality
Lethalitv, Behaviour

Reviged bibliography

Fuel 0il {Xeo. 2)

:ves of both

Response to toxicant and

biology

(Corexit 9527 (Dispersant)

Raintow Trout

Rggearall

ional
N5,

Lab.

chemistry - developrment
of stendard refarance
materials

Lethaliry Indusvrrizl effluents
Poliutant ana Organic and incrganic

pollutant

ace Analvsis
Research Center
Dept. of Ch
Saluousie
Halifax,

A, Chart

R.I:. G

Various factors
infiuvencing trace slement
content

Speciation of the chemi-
| cals

Toxicity
‘Apmalvtical wmethods, for
paciation

Cu, Cd, Pb, Hg
Organocaticns such as
paraquat, diguat, etc.

Depart of Biology
Dalbousic Universicy
Balifax, N.5.

BB 451

Sarzide
- Romhough

E.T.
P

Garside
nst

Cargide
L G'Neil

E.T.
0.8,

Garside
Croft

{for model purposes
oniy) B
Atlas : Salmon

Brook Trout {embrvos/
alevina)

Brock Trout
(fingeriings)

Brock Trout (emhrvos;
mafburing post-vear—
lings)

Brook Trour (
fingerlings)

Tolerance leveis
Resistance times
Teratogenssis
Bloaccumulation
Amelicration of effects
&y Caleium and Magnesium

Tolerasce levels
Resistance times
Bipacocumulation

Survival of ova and sperm
Inkibitien of fertiliza-
tion

Infiuence on gonadal
maturation and relesase

Tissue regeneration
during and fellowing
exposure

Telerance levels
ance times
sathogenasis

rr

Cadmigm (solute)

Vanadium (selute)

Chronic acidity

Chrondie acidity

Lover lethal temperature
in relation to ambient
salinity

of Canads
Doeans

fovern
Fisheries
ries

and

smantal Solences

K. Hava

McLeese
{alene, or in
ceoperarion wi

n.%¥.

V. Zitke and §. Ray)

!Atlantic Salmon

Varlous s5pp.

Fish
1 b I
Lebsters

Marine Invertebrates
{Lobsters,

e

Lethal toxicity
8lpacomnzlatfon
Structure-activicy
relationships

Residues

Biechenical indicators
of sublerhal xzenchiotic
stress., Redox state of
pyvridine nucleotides and
adenyvlate epargy charge

Untake and excreticn

Lethalitv {water,
sediments)
¥ood chain accumulation

Lethalicy
Bioaccumulation
Interelement effects
Chelation effects

Lethality
Eicaccumulation

Lethality

Industrizal chemicais
(flame retardants,
alkvlphencls)

Industrial chemicals
Pesticides

Industrial chemicals
Pesticides

Heavy metals

Chlerinated hydrocarhors

cd, Cu, Zn

Fenirrothion

Feaitrothicen
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Apency and Trdividnal ‘ Organism Parameters Toxicant
Tocstion ay Group under
Investigation
Government of Canada .W. McLeesse Bicaccumulation PLBYs
heries and Doeans (alone, or in Flux
heries and cooperation with
Environmental § mces| V. Zitko and S. Rav) Bicaccumulation Aminocarb, Nonylphenol,
Biological Statrion Diluent 385 oil;
St. Andrews, N.B. [ formulation
ECG 2X0
i lethality % Same
lL.ethality Creosote
Accunularion
iJoint lethality Grganophosphates
Lathality Pyrethroids
Parsistence
A-W. Whitae duit Fish: Texin accumulation Marine dinoflagellate
Herring Texin reteantion toxin
Toilock Behaviour {"Paralytic shellfish’
Cod Lethality - dose toxins)
Flounder Tésponse
Larval fish: LD p.x oral
Herring a0
Zooplankton:
Copepods
Barnacle nauplii
J.L. Metrcalfe Atlantic Salmon iFarly development Cadmium
1 Wildish Herring - Dredged dump spoil
{Applied Ecology )
Graup) f
Government of Capada |E.L. Brun LContamination of Fenitrothion 3978
T.®.D., Moncton P.A. Pearce iprecipitation by forest Aminccarh 1979
C.W.5., Fredericton ingecricide
H.B.
Maritime Forest L.C. Eidr Stream insects Driff, survival, Fenitrothion
Research {enter popuiations, spp. comp., Aminocarb
C.F.5., Environment {hbiomass, recovery
Canads
P.0. Box 4000 Daromposition fungi Feanitrothion
Fredericton, N.B. Aminocarh
University of New M.L.H. Thomas Intertidal communitiesiLong-term effects on Perrcileum hydrocarbons
Brunswick B. MacDonald communities
Szint Joha, H.B. H Growth disturbances in
Université de Moneton |V.N. Mallet Analivtical determination Matacili
Moncton, N.E. in water, other substrates; Feniltrothion
Degradation products of
! M oE T
B, Trottier Various spp. Binding of pesticides Fenitrothion
| t0 warious rissues
¥ew Brunswick ResearchiP.J. 8ilk iEastern Oyster Chronic sublethal effects jCommercial mixtures of
ard Productivisy {Chemistry Dept.) | {Crazac fd on gpawning, development pentachlerophenol
Council, B morphology {includes impurities and
P.0. Box 6000 hy-products)
Fredericton, N.B.
E33 541
Government of Canada JoWL Kiceniuk Cunner 8locd pressure; heart Ml dispersants
Fisheries and Marine Tate detergents
Garvice
Tisheries and Oceans J.W. Hiceniuk Cunner Teading {rude oil
Box 5667 R. Khan Cod Various physiolegical and
St. John's, HFLO. (M.5.R.L.) Flounder morphological
Lobster
Sculpin Infectivity of blood Crude oil
Scalicp parasites, and oll-
narasite interaction
TI. Payne, with Marine animals a) MFO induction a} Petyoleum hvdrocarbons
D. Idler common to tha ccastal | b) hydrocarbon metabelism | b) Wood chip leachate
&, Fletcher N.W. Atlantic; mutsgen activation- o} Decomposing animal
A. Rahimtula epphas on ficunder, deactivation aad vegerable matter
{19 activiey) salmon, hivalves
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Agency and
j.ecarion

Individyal
ar Group

Organism

FParametars
ander
Investigarion

Toxicant

Government of Canada
Fisheries and Marige

Service

Fisheries and {ceans
Box 3667

St, John's, NFLD.

3. Favne
1. Martins

vne
G. Fletcher
®. Thomgson
J. Kiceniuk

W.R., Panrose

Ames strains of
hacteria

Lobsters
Scallops
Flounder

Mutagenicity

iistological change

(I, Payne)

Piuz wvarious biochemical,
phvsiolegical, and whole
organism effects

fnducible arvl
hydrocarben
hrdroxylase

A

-

Compounds from water
chloripation

b) Envivopmental sources
of polvevelic aromatics

Fetrcleum hydrocarbon
(chrenic exposure)

Petroleum

Government of Canada
Environmental
Protection Sers
Se. John's, WNFLD,
{Bigassar Lab.)

R. McCubbin

Rainbow Troutr
Ariantic Salmon
{proposed)

LT50's
Leday LESOTs
{gtatic + flow-through)

Tndustrial effluents
Par: fent contaminant

Memorial Universirve
of lewfoundlang
(rmy

{Marine Scilences
Regearch Lab.,

Logy Bav)

[ 4.1

TFletcher

Shears
Fletcher

MLAL
Gy

P.E. Fletcher

Fletcher

(DL Idler

Winter Flounder

Winter Fleunder

Winter ¥Filounder

Salmonids

Tissue levels of matals
in nermal and
centaminated areas

Uptake regulation by rhe
gastro-intestinal tract
Effects of other heavy
metals on Znt? regulation

Transport of Zinc in the
blood
Effects of other metals

fndocrine metabolism

+2 +
N Hg+2. cd z

Cu++, Cd++

Perroleun

M.ULK.
Biochemistry Dept.
3t. John's, NFLD.

AL Rahimpuia
J. Pavne

¥. Keough

Ames strains of
Lbacteria

Sea Urchins

HMurageniciry testing
{various conditicns}

Mambrave function

Selected toxicants from
Federal Contaminants Act

Parroleun hvdrocarhons
1) gasolines
2) crude oils

Chemistry Dept.
St. John's, Lo,

M. Newlands

M. Mackie
Water Analysis Unit

Marine biota

Water

generally

Occurrence and sources of
of metals

Qcourrence and levels

Heavy metals, especially
Cadmium

Patroleum hydrocarbon
Chlorinated hydrocarhons

M. N,
Biclegy Dept.
§¢, John's, NFLD.

J.o Green

J. Gow

J. Gow

W.R., Penrose

Marine fish

Marine bactaria

Marine bacteria

Chronie behavioural
effects on fish

Heterotreophic potential
of oil-degrading bacteria

Fresence of specific oil-
degrading species in
copastal waters

Petroleun

Fetvoleun

Petroleam
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Freshwater Institute
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WINNIPEG, Manitoba R3T 2ZKé6

A. Avramenko

Alberta 01l Sands Environmental
Research Program

15th Floor, 9820-106 Street

EDMONTON, Alberta T5K 2J6

P.S. Barker

Regearch Station
Agriculture Canada

195 Dafoe Road

WINNIPEG, Manitoba R3T ZM9

V. Beaubien

Environmental Protection Service
Box 2310

YELLOWKNIFE, N.W.T.

A. Beckett

Aquatic Toxicology Laboratory
14317-128 Avenue

EDMONTON, Alberta T5L 3H3

P.J. Beckett

Biology Department
University of Winnipeg
WINNIPEG, Manitoba R3B 2E9

E.C. Birchard

Tmperial 0il Limited

111 St. Clair Avenue, West
TORONT(, Ontario MSW 1K3

C.R. Blaise
Environment Canada
1001 Pierre Dupuy
LONGUEUIL, Quebec

A.P. Blouw

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

D.J. Brown

Dept. Mines, Nat. Res. & Env.
Box 7, Bldg. 2

139 Tuxedo Avenue

WINNIPEG, Manitoba R3N OH6

S. Browa

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N&

J.T. Buckley

Biochem. & Microbiol,
University of Victorisa
VICTORIA, B.C.

A, Bulich

Beckman Instruments, Inc.
6200 E1 Camino Re=zl
CARLSBAD, California
U.8.A. 92008

R.E. Burrell

Department of Environmental Biology
University of Guelph

GUELPH, Ontario NIG 2W1

V.T. Chacko

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2Né

P. Chang

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

R. McV. Clarke

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

D. Cobb

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

L.P. Cooper

Indian and Northern Affairs
Water Resources Division
YELLOWKNIFE, N.W.T.

R. Corbet

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2ZN6
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G.R. Craig

Ontario Ministry of Environment
Toxicity Unit

P.0. Box 213

REXDALL, Ontario MI9W 5L1

W. Cretney

Department of Fisheries & Oceans
Institute of Ocean Sciences
SIDNEY, B.C. V8L 4B2

R, Danell

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

B.G.E. deMarch

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

D.G. Dixon

Department of Zoology

College of Bioleogical Sciences
University of Guelph

GUELPH, Ontario WNI1G 2W1

J. Donetz
Lake of the Woods
RAINY RIVER, Ontario

D.A. Duncan

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

R. Evans

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

D. Fagergren

409 East Harvard Street
SHELTON, Washington
U.S.A. 985384

R. France

Freshwater Institute
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W. Franzin

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2Né
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Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

C. Garrett

EPS, Kapilano 100
Park Royal South
WEST VANCOUVER, B.C. V7T 1A2
M. Giles

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 286

AP, Gilman

Canadian Wildlife Service
Department of the Environment
OTTAWA, Ontario K1A OE7

M. Gordon

Environmental Protection Service
800-275 Portage Avenue

WINNIPEG, Manitoba R3B 2B3

J.E. Guthrie

Atomic Energy of Canada
Whiteshell Nuclear Research Est.
PINAWA, Manitoba ROE 11D

R. Hamilton

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

B. Hammond

Alberta Environment
Res. Secretariat
9820~-106 Street
EDMONTON, Alberta T5T 1B8
P. Hanson

Biology Department
Lakehead University

THUNDER BAY, Ontario P7B 53E4
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Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

R. Harbo

Fisheries and Oceans
Habitat Protection Group
1090 West Pender Street
VANCOUVER, B.C. V6E 2P1

N. Heroux

Laval Industrial Association
12500 Boul, Industriel
POINTE~AUX-TREMBLES, OQuebec HIB 5P5
B. Hobden

Freshwater Institute

501 University Crescent

WINNIPEG, Manitoba R3T 2N6

D. Hodgins

Freshwater Institute

501 University Crescent
WINNIPEG, Manitoba R3T 2N6

P.V. Hodson

Great Lakes Biolimnology Lab.
CCIW, P.0. Box 5050
BURLINGTON, Ontario L7R 4A6

B. Hummel

Beak Consultants Ltd.
Suite 1717 - 1155 Metcalfe
MONTREAL, Quebec H3B 2X3

G. Joubert

Quebec EPS

Complexe Scientifique
2700 Einstein
STE-FOY, Quebec GI1P 3W8

R. Kamchen

41 Matheson Avenue East
WINNIPEG, Manitoba R2W 0OCl

C.C. Kehr

Box 708
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