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ABSTRACT

Literature reviews of bi y me y and us
toxicology are presented as part of the introduction to the thesis.
A temperature-controlled, serial dilution unit designed to provide
eight successive 2:1 dilutions and its actual performance are
described. Marine organisms were collected in waters free of
pollutants and tested at the Marine Sciences Research Laboratory.
The three-spined stickleback, Gasterosteus aculeatus, and the
Atlantic cod, Gadus morhua, were assayed to determine median tolerance
Timits (TLm) and to compare the effects of two types of colloidal
phosphorus formulations: phossy water from the Electric Reduction
Company of Canada plant at Long Harbour and, cqllnida'l dispersions
of pure phosphorus (P4) prepared in the laboratory. The 48 hour
TLm values for stickleback and cod at 8.0°C are 190 ugn/L. and

27 ugm/L. respectively in ERCO phossy water; the 48 and 96 hour
Tlm's in pure Py dispersions at 8.0°C are 185 ugm/L. and 68 ugm/L.
for stickleback and 28 ugm/L. and 16 ugm/L. P4 for the cod. In bio-
assays conducted on the winter flounder, Pseudopleuronectes
americanus, the 48 and 96 hour TLm's are 70 ugm/L. and 25 ugm/L.P4
respectively. Temperature affects t'he; toxicity of yellow phosphorus
to the three-spined stickleback, while part’lc"les of Py greater than
0.8microns have little or no effect on the same species. ERCO phossy
water retards the righting response of the northern starfish,

Asterias vulgaris, at concentrations lower than those required for



lethality. Dispersions of phosphorus affects the hematocrit of the
cod and winter flounder as well as the white cell count of the cod.
I’4 causes a depression of the acetyl cholinesterase activity of

the three-spined stickleback, a sufficient amount to cause death.



" The fishers alsc shall mourn, and all
they that cast angle into the brooks
shall lament, and they that spread nets

upon the waters shall languish.”
Isaiah, 19:8
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INTRODUCTION

The research for this thesis was motivated by a desire
to obtain basic information on the effects of elemental
phosphorus (P‘) on marine life. In order to accomplisn
this, it was necessary to develop a bio-assay unit capable
of continuous serial dilution of toxicants, to a series of
concentrations which could be quantified, and whose effects
could be evaluated by observation and analysis.

The impetus for this work was the poliution incident
at Long Harbour, Placentia Bay, during the winter of 1968-
1969 which affected a large number of marine organisms of
many species. As regards fish, Atlantic herring and Atlantic
cod were the species most serivusiy affiivicd by what has now
been recorded as phosphorus poisoning (Idler, 1969).

Yellow phosphorus, as produced by the Electric Reduction
Company of Canada Ltd. (ERCO) plant at Long Harbour, had not
until this time attracted much attention as a pollutant in
marine or fresh waters. The Fisheries Research Board of
Canada, as a result of the incident, has been involved in
determining the cause of the pollution and the subsequent
fish kills which were of sufficient magnitude that they
attracted the attention of fishermen and subsequently various
government agencies. One of these agencies, the Fisheries
Research Board, has now established that elemental phosphorus

was the cause of the kills.
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The Fisheries Research Board have conducted research on the
toxicity of various forms of yellow phosphorus to the Atlantic
herring, Clupea harengus, brook trout, Salvelinus fontinalis,
lobster, Homarus americanus, smelt, Osmerus mordax, and the
beach flea, Gammarus oceanicus (Zitco,1970; Fletcher,1970).

The  series of experiments described in this thesis attempts
to provide a more comprehensive look at phosphorus toxicology
in marine situations. The research was conducted with greater
attention paid to the control of variables with the intention
of demonstrating some of the environmental conditions which affect
the toxicity of yellow phosphorus and some of the pMsio1ogicq1
conditions which are affected by P4. These bio-assays involved
the following group of organisms: the three-spined stickleback,
Gasterosteus aculeatus, the Atlantic cod, Gadus morhua, the
winter flounder, Pseudopleuronectes americanus, and the northern
starfish, Asterias vulgaris. Additional experiments were run to
determine among other things, the effects of elemental phosphorus
on the blood of the Atlantic cod and on the level of acetyl-
cholinesterase in the brain of the three-spined stickleback.

The facilities of the Marine Sciences Research Laboratory
(MSRL)of the Department of Biology were used because of the

availability of pure sea water and holding tanks for specimens.
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Review of Literature on Bio-assays

A bio-assay has been defined as the use of a living system
to evaluate the effects of an environmental contaminant (Warner,
1965). Bio-assays are generally used to determine the kind of
aberration induced in the biolegical system, the magnitude of
this change, and the quantity of contaminant required to produce
it. The basic bio-assay procedure consists of preparing different
concentrations of an effluent or other test material,i.e. the
pollutant, with a selected dilution water, adding the test spe-
cimens and observing their behavioral and physiological reactions
over a definite period of time.

In the majority of cases, the bio-assay is used to assess
the effect of a microchemical contaminant, one which is present
in concentrations less than one part per million (ppm) or
one milligram per liter (mgm/L.). These may be heavy metals,
pesticides,oils or many other organic and inorganic chemicals.

In order to have a measurable effect, the pollutant must be a
toxicant, that is, producing an aberration in one or more life
processes. The aberrations, in turn, are described as acute or
chronic. Acute effects refer to those short term changes produced
by a toxicant, generally within the first 100 hours of exposure.
This time was suggested as rule of thumb by Warner (1965). Acute
toxication is often characterized by nervous or enzymic disruption.

Chronic refers to adverse effects recognized after 100 hours;
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these may be hematological or other histological changes, or
may involve kidney or 1liver malfunction, for example.

In 1945, Hart,Doudorcff and Greenbank described a procedure
for bio-assays of industrial wastes using fish as tests animals.
Subsequently, Doudoroff et al.(1951) published a paper on bio-
assay. methods which are now regarded as standard procedures.
These methods, and their various mcdifications since then, have
been widely used by scientists in government, industry and in
universities for assessing the toxicity of various potentially
dangerousi materials. The basic method remains, but researchers
have modified it to accomodate the many types of toxicants, test
organisms, and parameters being examined.

Much information has accumulated in aquati;: toxicology
since the early 1950's (Cairns,1966;Sprague,1969;H4arner,1965).

It has been said that a revolution is taking place in bio-assay
techniques, with many new developments. The major shift is toward
the use of sublethal measurements but there is also an important
change of emphasis from static assays to continuous flow systems.
The latter point derives partly from the realization that acute
response experiments are not sufficient and that death is not
the only important parameter. Because death, defined as lack of
response, provides no information on sublethal effects of conta-
minants, other responses are now being monitored so as to provide

a more complete picture of the effects of these toxicants
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(Warner,1965;Wilber,1962). An animal must be able to function-
adequately, if not optimally, if it is to survive. A significant
disruption of normal 1ife patterns (eg. reproductive behavior,
resistance to heat or cold stress, etc...) is as likely to cause
eventual death as a strongly lethal compound, even though it may
not be as easily demonstrated in the laboratory (Fromm,1962).
Effects of seemingly minor changes internally may cause major
disruptions in the biology of the species.

Some of the bio-assay types now being utilized, which measure
the response as a deviation from the norm, are: Behavioral change
physiological change, biochemical change, ecological change, :
embryological change and, growth change. For example, effects
which have been measured have dealt with feeding rate (Cairns,1966),
reproduction (Johnson,1967) and, acetylcholinesterase inhibition
(Weiss,1958).

There are many ways in which bio-assays can be used.Toxicity
of final effluents can be determined as well as their likely
effects on receiving waters. The effectiveness of treatment pro-
cesses may be established. In the location of new plants, the
quantity of dilution water necessary (if any material is to be
released into the environment) or the degree of treatment of wastes
may be found in advance of construction. This holds true whether
the work involves pesticides on agricultural land which are finally

transported by water, phosphorus reduction plants, oil refineries,



o
or pulp and paper mills.
It is also one of the good examples where the university
community can relate to industry and government, as well as

society as a whole.

Review of Literature on Elemental Phosphorus Texicology

In reviewing the literature, limited information was found
on industrial workers and experimental animals exposed to
elemental phosphorus. Moreover, only meagre and sometimes.contra-
dictory results are available on the threshold of physiological
tolerance to this material administered in relativély large
amounts over short periods of time, or small amounts over
prolonged periods (Heimann, 1946; Fleming et al.,1942).

Yellow phosphorus (P4) is used in the manufacture of chemical
smoke screens, incendiary bombs, as a constituent of rat poison
and in metallurgy. Its use in the manufacture of matches and
firecrackers, which had been a major cause of chronic phosphorus
poisoning, was discontinued after the Fh;st Horld War. The develop-
ment of the electrothermal process of phosphorus production,
which is now used for the production of large ‘quantities of ele-
mental phosphorus for the phosphate fertilizer industry, rendered
more urgent, basic investigations of the toxicity of the element

if the experience of the match and fireworks was to be avoided.
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It is apparent from the literature,however, that the
symptoms of acute phosphorus poisoning differ from those of
exposure over long periods of time to small amounts of the
material (Heimann , 1946 ). Difficulty was experienced in
distinguishing between those animal experiments which could be
classified as short as opposed to lTong-term tests (Heimann,1946).
It would appear that growing animals would react differently
than adults to chronic poisoning, especially with regard to
the osseous system, but no consideration was given to this point.

In acute poisoning, the predominant effect is the fatty
degeneration of the liver (Cameron and Patrick,1963). Liver
dysfunction is presumably tha cause of death ( Cameron and Rentoul,
1960). As little as 1/8 grain (8mgm.) has been reported to cause
acute toxicity and death of humans . The reported lethal dose
of P4 required for man also varies from author to author;

8 mgm. as reported by Heimann(1946) to 50 mgm. reported by Cameron(1960).

Other observations of acute poisoning of humans and dogs
suggest at least two stages of toxication: The first stage is
one of gastro-intestinal irritation, which within several hours
is chracterized by thirst, nausea, vomiting, haematemesis and
gastric discomfort. This normally lasts about twenty-four hours
and is followed by a variable period of well-being which depends
on the rate of absorption of the phosphorus by the tissues. The

terminal phase is evidenced by nausea,vomiting,abdominal pain,
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a tender liver, haemorrhages, peripheral circulatory collapse,
coma and -death which occurs from hepatic, renal and cardiac
failure (Cameron and Rentoul,1960; Blumenthal and Lesser,1935).

In cases of chronic phosphorus poisoning of mammals,
however, involvement of the osseous system is the principal
characteristic. The most typical effect is necrosis of the jaw
bones. The change in the bones is a generalized reaction of
the periosteum producing a hyper-ostosis of the entire skeletal
structure,a-periosteal thickening of the bone and the laying
down of more bone (Heimann,1946). It has been hypothesized that
such extra deposition results in cutting down the blood supply
to the Haversian canals (Heimann,1946;Hamilton,1925).

The level of ammonia nitrogen in the urine is reported to
increase while urea nitrogen decreases, due to the general
cellular damage and possibly more specifically to liver damage
(Heimann,1946). There is no evidence at present suggesting that
chronic toxication of mammals produces severe liver tissue
destruction or physiological dysfunction.

Similarly, there is no reported evidence that chronic
phosphorus exposure in man produces damage to the central nervous
system, although this possibility cannot be ruled out.

An extensive literature search revealed very few papers on

the effects of phosphorus to fish. Isom (1960) conducted tests
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on Lepomis macrochirus, the bluegill sunfish, and his study was
motivated by a large fish kill in a Tennessee river, downstream
from a phosphorus reducing plant. The stated objective of his work
was to detérmine whether elemental phosphorus was toxic at levels
as low as its solubility, or if the toxicity was due to colloidal
phosphorus or its oxidation products only.

Isom concluded that colloidal suspensions were more acutely
toxic than solutions of dissolved phosphorus. His experiments
involved testing the effects of colloidal suspensions having
variously sized particles. A saturated solution of yellow phosphorus
(solubility in fresh water: 0.3 gm/100 mls at 15°C) revealed no
toxicity in water. Colloidal P4 was found to be toxic in small

. quantities at pH's sufficiently high to rule out the cohp!ex acids
of phosphorus as the toxicant. In Isom's studies, the bluegill was
not appreciably affected by low concentrations of colloidal P4 in
the first 24 hours, but by 48 hours showed considerable mortality.
The 48 hour TLm (median tolerance 1imit - concentration causing 50%
mortality in 48 hours) was approximately 0.105mgm/L. and the 72
hour TLm was approximately 0.053mgm/L.

Due to the static bio-assay procedure employed, the fish and
the aeration removed the suspended and dissolved P, in the course
of one test. Thus no mortality occurred when new fish were introduced
into the same waters.

Zitco (1970) has reported that in the Atlantic herring,

Clupea harengus, the Atlantic salmon, Salmo salar, and the lobster,
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Homarus americanus,the toxic effects of phosphorus are irre-
versible and probably cumulative. No clear indication of an
incipient lethal level (the concentration at which the test
animal is not able to survive for an indefinite period of time)
was found for the herring as TLm values were obtained ag a con-

centration of 2.5 ugm/L. Incipient lethal level of yellow l’4

for lobster was 40 ugm/L.: for Atlantic salmon,18 ugm/L. and for
the beach flea, 3 mgm/L.. Fish poisoned by elemental phosphorus,
the Atlantic herring, for example, showed signs of extensive
hemolysis and turned red.

Studies of the oxidation rates of diluted phossy water and
yellow phosphorus in dispersions, showed that they are first
order reactions with half-lives of 2 and 7.5 hours respectively
Zitco,Anderson and Tibbo,1969).

Dyer(1970) conducted experiments on the uptake of yellow

phosphorus by cod muscle and liver. In 16 hours exposure to 20 ugm/L.

the liver concentrated Py up to 40 ugm/gm. while the concentration
in the red muscle was approximately 1750 ngm/gm. of tissue. With
the elemertal P, in sea water of 21-83 ugm/L. liver concentrated
the phosphorus some 880-2000 times. The distribution of Py between
the white and red muscle, and between flesh and liver was found
to be roughly proportional to the 1ipid c‘ontent.
This background information suggested many avenues of

research because so little is known about phosphorus toxicology

especially in the marine environment.
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MATERIALS AND METHODS
Serial Dilution Unit: Theory and Practice
Evaluation of the research aspects of phosphorus toxicology
in sea water made it clear that a continuous flow bio-assay
system would have to be designed and built. The system was planned
in such a way as to eliminate many of the drawbacks of static
tests, by providing a continuous flow of toxicant solution to the
test containers rather than removing the animals to fresh solutions
at regular intervals. The continuous flow procedure eliminated
the need for aeration of the test water, which in this case would
have caused undue loss of elemental phosphorus from the test
system. Toxicant concentration fluctuations in test solutions
due to absorption by test animals, is greatly reduced. This pro-
" cedure also decreases the test error caused by the adsorption of
the toxicant to the walls of the aquaria.

In tﬁe studies reported,..the concentrations of toxicant were
automatically maintained by a Serial Dilution Unit, thus eliminating
the additional problem of human error in mixing solutions, When
temperature control is applied to the system, the water in the tanks
is more readily maintained at a constant temperature.

In order to preclude possible pollution of Logy Bay by test
effluents, a 5000 gallon concrete tank was constructed to receive
and hold toxic materials. The wastewater from the experimental work
was removed periodically by sewage disposal tank .trucks, the effluent
being released onto a gravel bed at the city dump, some distance

from the ocean.
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A description of the bio-assay apparatus, which is based on
a system developed by Warner (1965), follows.

A length of 3/4 inch Tygon tubing is attached at one end to
a salt water tap while the other is fastened to a Hypur water filter
unit capable of filtering out material down to 15 microns. The
filter is required for two reasons 1) to remove as much plankton as
possible and eliminate the problem which might arise if the test
animals were to ingest large quantities of food already toxicated
and 2) to remove large organisms and particles in the sea water
which might clog the valves of the Serial Dilution Unit (S.D.U.),
decreasing the flow rate and hence increasing the concentration of
toxicant delivered to the test aquaria.

The water then flows into a temperature controlled bath which
is described in section 2.

From the top of the bath, the water flows through2.5 cms tubing
into a horizontal plexiglass tube at the top of the S.D.U.. This
tube has holes in its lower surface which serve to distribute the
water evenly throughout the length of the sea water trough. If the
water is allowed to enter at one end only, wave action results
in the trough, causing irregularities in the flow rates. Another
safety feature was built into the sea water trough: an overflow
box running on a vertical track was fitted into the center of the
upper trough; this maintains a constant head of water and allows

for any changes in water pressure. (see fig. 1)
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Figure 1.
Bio-assay unit - 1ist of parts

Peristaltic pump control and speed selector.
Test aquarium.

Magnetic stirrer.

Insulated container for toxicant (4 liters).
Peristaltic pump and tubing.

Influent trough for sea water of S.D.U.
Influent trough overflow unit (on track).
Flow rate control valves.

Toxicant - sea water mixing trough.

Control section (sea water only).

Funnelling troughs.

Aquarium input tube.

Flow meter.

Filter apparatus.

Thermoregulator and relay controller.
Heaters (1000 watts).

Water bath with input and output tubes (20 L.).
Relay unit for heaters.

Thermoregulator.
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Figure 2.
Serial Dilution Unit
In this case, a solution of neutral red dye was

pumped through the mixing trough to demonstrate the
effectiveness of the dilution mechanism.
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The bottom of this trough is fitted with eleven thredded
tubes which ragulate the flow rate of water into the mixing trough.
Of these valves, the first two are 2.5 cms apart while the remaining
nine areplaced at 12.7 cms intervals. The last two valves are
control water outlets while the first nine are involved in the
dilutions of the toxicant.

The part of the mixing trough involved in the dilution of the
toxicant is divided into nine sections. The first two tubes flow
into the first section (see fig.3); the seven tubes which follow
in the upper trough, flow into seven sections on the mixing trough;
a small section adjacent to the control section is used as a over-
flow for the toxicant and drains directly into the effluent trough
(see fig. 2). Each section of the mixing trough is separated from
the next by a baffle over which the water flows; at the midpoint
of each section, a polystyrene block has been inserted approximately
5 mm. from the floor of the trough to aid the mixing of the
toxicant (see fig. 3.).

A peristaltic pump, capable of delivering 1 - 1300 mls/min.,
pumped the concentrated toxicant into the first section of the

mixing trough. The pump provided many variations in the available

ations for bi ys. Each section of the mixing trough
is also fitted with a threaded tube to the right of the block,
and in front of the baffle. The principle then, which providesthe



Figure 3.
The theory of the Serial Dilution Unit

A diagram of the serial dilution mechanism,
demonstrating the flow patterns.
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‘Figure 4.

The working parts of the dilution mechanism
of the Serial Dilution Usit.
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50% dilution from one aquarium to the next is: For every 2
volumes of water running into the first section of the mixing

trough, 1 volume is drained out; at a constant flow rate of

water, the remaining 1 volume flows into the next section where

it #s diluted by 1 volume of natural sea water from the sea
water trough. This mechanism holds true throughout the length
of the mixing trough which is involved with the dilution of the
toxicant (see figs. 3 ;ndA). .

The control outlets of the sea water trough run into a
section of the mixing trough which is completely separated from
the diluted concentrations of the pollutant (see fig.2). All valves
from the second trough empty into a funnelling trough and thence
through tubipg running into the bottom of the t;st aquaria. These
solutions or suspensions are held to a level of 32 liters and
from that point run through overflow tubes into an effluent
trough situated at the front of the set-up (see figs 1 and 5).

The outlet for this unit is connected by a pipe running through
the building to the large effluent tank already referred to.

The complete system, that is, any part of it involved directly
with sea water and the toxicant, is constructed of plexiglass,

polyvinyl chloride (P.V.C.) or glass.

Temperature Control Component
The apparatus pictured in figure 5 is a modified sand
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Figure 5.
The temperature control component

The temperature control unit has three heaters
inserted into the water bath which wepe able |
to raise the water temperature from 0 C to 15%
within a few minutes. The unit has been used for

periods of 10 days without failure of any of its
parts.
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filter which had originally been constructed for use with
the S.D.U. but which had since been replaced by the Hypur
filter.

Extra holes were cut into the pressure cover and into the
wall of the 20 liters polyethylene container. Three 1000 watt
immersion heaters were installed into the cover and cauiked
into place so that the elements were situated 2.5 ciis from the
inlet tube. This provided for optimum heating of the sea water
which flows into the S.D.U.. The tube built into the bottom of
the container is the inlet tube; the tube built into the wall
of the container near the top, serves as the outlet and leads
through 1.9 cms tubing to the inlet pipe of the S.D.U.(see
figs.1 and 5).

The water heater was located such that the outlet from the
bath and the S.D.U. inlet were at the same height, alleviating
excessive pressure problems. The pressure provided by the salt
water tap, reduced to 0.63 cm is sufficient.to run water into
the Serial Dilution Unit.

Temperature is controlled by the use of an intricate
thermoregulator (see fig.6). This is divided into two sections:
the lower one is constructed as a mercury thermometer with the
exception of an electrical connection made to the lowest part of
the mercury column. As temperature increases, the mercury

column rises to a point where it touches the contact wire within
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Figure 6.

The thermoregulator of the temperature
control component.
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the capillary, at which point, contact is made and the heaters
are turned off automatically. Located in the upper portion of
the thermoregulator, is a setting scale, contact wire and a
follower nut which moves the contact up or down, depending on
the rotation of the magnetic setting cap and subsequent rotation
of the threaded spindle.

This thermoregulator is in turn connected to a controller
which serves as a relay. Since the controller could only handle
600 watts, another relay capable of accepting 3000 watts was
attached,in parallel, to the controller and the heaters. Thus

the circuit is completed.

" Choice and Preparation of Experimental Animals

1. Capture of Specimens.

Three-spined stickleback - the marine adapted form of the
three-spined stickleback, Gasterosteus aculeatus, was captured
in two ways. At Portugal Cove, a small number were taken from
tide pools. The fish were caught by dip-net and returned to the
MSRL where they were placed in a large holding tank of 150 L.
capacity with a constant flowthrough of sea water for acclimation.
During the holding period, sick or dead fish were removed when

observed. The second method which provided 90% of the stickleback
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Figure 7.

The Avalon Peninsula of the Province
of Newfoundland.

1. St.John's,

2. Logy Bay.

3. Portugal Cove.

4. Bryant's Cove.

5. Bellevue.

6. Long Harbour
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used in the experinen;s, involved the use of a 10 meter nylon

seine. The seining for these stickleback was done in Broad Lake

at Bellevue, Trinity Bay.

Atlantic cod - The number of Atlantic cod, Gadus morhua,
required for the phosphorus experiments was more difficult to
obtain and various capture methods were utilized.

a) A 10 meter seine was used at Bellevue, usually on the incoming
night tide. 75% of the cod were taken in this way.

b) A 30 m. seine borrowed from the Fisheries Research Board of
Canada was used at Bryant's Cove, Conception Bay,but few
were taken. .

c) The squid trap set by the MSRL in Logy Bay and Portugal Cove
provided a small number of cod.

d) Steel mesh traps were built and set around the wharf at Portugal
Cove. These were constructed with a funnel at one end and a
removable screen at the other, and baited with capelin. This
method was abandoned after catching a few cod as the traps
were continuously being tampered with;

Starfish - The northern starfish, Asterias vulgaris were col-

lected by divers employed by the MSRL, in Logy Bay and Portugal
Cove.
Flounder - Approximately 50 winter flounder, Pseudopleuronectes

americanus, were collected in the 10 m. seine at Bellevue.
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Figure 8.

The three-spined stickleback,
Gasterosteus aculeatus Linnaeus
1758.

Figure 9.

The Atlantic cod, Gadus morhua,
Linnaeus 1758.



Gestersstovs aculestus
Figure 8.

Gadus morhva L.

Figure 9.
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Figure 10.
The northern starfish, Asterias vulgaris.

Figure 11.

The winter flounder,

Pseudopleuronectes americanus
(WaTbaum) 1792.



Asteries vulgaris

Figure 10.

Pseudopleuronectes americanus

Figure 11.
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2. Holding of Test Animals.

The holding tank for the various species was a fiberglass
tank of 150L. measuring 48 in.X 32 in. X 12 in.. When a large
number of cod were taken, some of these were placed in a cement
tank 36 in.X 24 in.X 24 in. in the holding tank room of the MSRL
The temperature of the water in both tanks varied with incoming
water at the MSRL, and thus was related to the water temperature
of the young cod's habitat.

Test subjects were held for at least ten days prior to the
initiation of an experiment. Any fish which were not in good
condition, due to noticeable physical disabilities, were removed
from the holding tank. A1l specimens were fed daily on capelin
during the holding period; feeding was stopped 48 hours prior
to the experiment, as suggested by a number of authors. The per-
centage of cod dying or becoming seriously disabled during the
holding period was less than 10% as was the case with flounder;
in the case of stickleback and starfish, the figure was less
than 1%.

AT1 areas from which specimens were taken were free of
industrial pollutants but could have been mildly polluted by
sewage. The water from Logy Bay, free of both types, was pumped
through the MSRL system which consists of: fiberglass-1ined
P.V.C. pipes, fed by ceramic-lined pumps.
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Phossy Water: Nature and Formulation

The dispersions of colloidal phosphorus used in the
experimental work, were obtained by three different methods.
1. ERCO Phossy Water.

For the first series of experiments, the phossy water was
procured from the Electric Reduction Company of Canada h]ant at
Long Harbour , Placentia Bay. This water was taken from conden-
sers and Py holding tanks and as such contained some dissolved
phosphorus and variable amounts of colloidally-dispersed particles
of yellow phosphorus (see individual experiments and appendices).
The dispersions were not pure but contained particles of coke
dust and silica. This resulted in a grey color and greater turbidity.
The ERCO samples also contained some 502 and a reported few ugm/L.
of cyanide (Idler,1969). Since ammonia was used to maintain a pH
of 7 in the plant process, ammonium phosphate, ammonium silicon
fluoride and ammorium fluoride were also present in undetermined
quantities.

The water samples were delivered in20 or 40 liters
containers on request.

Experiments were run on the northern starfish, the three-spined
stickleback and the Atlantic cod, using the ERCO phossy water to
provide the pollutant. The results of these bio-assays are found

in the relevant sections of the manuscript.
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2.Ultrasonic Preparat%on.

The second method involved an ultrasonic generator for
the preparation of a colloidal dispersion of.phusphorus. On
advice from Dr.M.Newlands, who had done some phosphorus oxidation
studies for the M.U.N.Coordinating Committee on Placentia Bay,
immediately after the ERCO pollution incident, 30mgm nf P4 was
sonicated in 1 liter of distilled water at 45°C for 25 min.

(The instrument was a Blackstone generator, Model BP - 2)

The phossy water produced was poured into an insulated container,
placed on a magnetic stirrer to keep the particles in suspension
and pumped into the mixing trough of the S.D.U.. Only one expe-
riment was run with this method.

3. Dissolution in Alcohol.

The last method used was that followed by the Fisheries
Research Board In Halifax, in preparing dispersions of phosphorus
for their investigations into the pollution incident. Yellow
phosphorus was first dissolved in 100% ethanol, then precipitated
as colloidal particles by adding de-oxygenated water at 45°,

The latter was prepared by bubbling N, through water for a few
minutes. This produced the required dispersion: For the bio-assays
with the pure dispersion, 0.08 gms. of yellow phosphorus were
precipitated in 1 liter of alcohol-water (100 m1s.ethanol - 900
mis. HZO) to give 80 mgm/L. This method proved to be more practical

than the ultrasonic technique.
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Volume and Replacement Time of Test Water
The American Public Health Association (1965) has

recommended that there should at least be 1 liter of water
per gram of fish in static tests. Though these are continuous
flow experiments, the nature of the phosphorus and the desire
to maintain the fish in a system where other variables such
as oxygen concentration and their effects can be minimized
suggested these calculations would be useful.

In the case of 3 tests with Gasterosteus aculeatus,
the mean weight of a sample of 300 fish was 1.57 gms (see
Table 1). Since there are 32 liters of suspension in each
aquarium, each gram of fish had 2.1 liters available at all
times. 1nese Tigures are based un iG Tish per tank. According
to Alasbaster and Abram (1965), this is satisfactory.

Table 1. Comparison of the weights of stickleback per tank
in the first three ERCO phossy water bio-assays.

Tank Number Expt.1. Expt.2. Expt.3.
0 19.0 gms. 16.8 gms. 16.4 gms.
1 15.8 18. 16.
2 17.0 11.3 17.3
3 17.3 13.5 15.1
4 16.9 9.0 15.7
5 16.9 17.2 21.8
6 15.9 17.3 14.0
7 17.2 12.8 14.0
8 16.7 12.2 14.6
9 17.9 13.9 16.5
:gerage ¥eight of
fish 10
aquaria " 17.0 gms. 14.2 gms. 16.2 gms.

Av ight of
1 :;:Ee velghkio 1.7 gms. 1.4 gms. 1.6 gms.
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Since the test apparatus was built for continuous flow
bio-assays and a colloidal dispersion was used as the
pollutant, it was important to calculate the replacement
time of water in the aquaria. Heusner, as reported by
Sprague (1969) devised a method to estimate this factor
Using a graph developed by Heusner, and presented in
Sprague (1969), I found that 90% replacement of the test
suspension takes approximately 6 hours. Sprague considers
this more than adequate. This also reasonable when one
remembers that the half-l1ife of yellow phosphorus in diluted
phossy water is 7.5 hours (Zitko, et al., 1969). If 100%
replacement is necessary, this may not be adequate.

Therefore 90% replacement of the 32 liters of suspension
which contains an average of 15 gms. of stickleback takes
6 hours; this provides a value of 7.7 L./gm./day. Over a
24 hour period, it would appear that the replacement time
is adequate to provide for respiration of the fish and

accomodate any oxidation of P, in the aquaria.

Experimental Procedure for Bio-assays

Readings of certain environmental variables were taken
at regular intervals throughout the test period. Other
techniques relating to the experimental work are also
described in this section.

a) Temperature was monitored hourly during the
experiments conducted before the control unit

was installed. A temperature recorder
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Figure 12.

The Gilmont Flowmeter, No. 2.

The flowmeter was installed to facilitate
the monitoring of the valves in the S.D.U.






b)
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had also been used for two bio-assays. Since temperature
dependency work was to be done, and abrupt changes in water
temperature were known to occur at the MSRL, monitoring was a
necessity to explain the possible effects of adrastic change
in temperature in a confined area such as an aquarium, on the
toxicity of P4.

pH readings were taken during the tests conducted with the
phossy water obtained from ERCO. These were recorded accurately
with the ORION Ion Analyzer,with its expanded scale, which was
obtained in the latter part of the work with ERCO phossy water.
Readings of the flow rates of the valves in the S.D.U. were
taken every hour with the Gilmont Flowmeter No.2. (see fig.12).
This was to determine if any of the valves were becoming clogged
with matter which had not been filtered out. (It was found
that algae settled in the troughs and grew rapidly even in
diluted phossy water.)

During the fall and winter when most of the bio-assays were
run, the dissolved oxygen concentration of the sea water at
Logy Bay increases markedly at times due to the cooling of the
water and the generally rough seas which prevail. The design
of the S.D.U. is such that it provides for a loss of some of
the excess oxygen as the seawater runs from trough to trough.

This is evidenced by the fact that air bubbles were often
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seen (when D.0. increased above 8 ppm) on animals in the
A-frame trays whereas no bubbles have been noticed on the
animals in the test aquaria. These observations on dissolved
oxygen , however, were not substantiated by D.0. measurements
by colorimetric titration or with an oxygen meter. Direct
aeration of the test aquaria was avoided, as it wouldhave
increased the oxidation of the phosphorus.

e) Selected specimens were preserved for later study. The mortality
time of every fish and starfish was recorded as well as the no.
of the aquarium in which it died, and the length of the animal.
The weight was also included for two stickleback experiments
to obtain an indication of possible toxicity weight relationships.
Thoca animals which were enllected for possible histological
study at a later date, were fixed and preserved as follows
Vertebrates were placed in Dietrich's solution for 10 minutes
and stored in neutral formalin. Invertebrates were fixed in a
modified Zenker's solution (Yevich - personal communication)
before storage in neutral formalin. The period of fixation was
12 hours for the starfish.

The sticklebacks were preserved in individually labelled

bottles while the cod were tagged and stored in a sealed plastic
tray. Livers of the cod and flounder vere fixed and preserved

as the fish became moribund in the final-10 day bio-assays on
these species. The Tivers were placed in labelled vials.

f) For the majority of bio-assays, ten animals were used to provide
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