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1. Introduction

Since the early 1960s the acute toxicity of various pollut-
ants to marine organisms has been evaluated at the Ministry
of Agriculture, Fisheries and Food (MAFF), Fisheries
Laboratory, Burnham-on-Crouch using a static toxicity
test with daily replacement of the test solution during a
96 h exposure period. The toxicities of a number of deter-
gents, pesticides, polychlorinated biphenyls (PCBs) and
pure chemicals to a number of species have been deter-
mined using this method (Portmann, 1972; Portmann and
Wilson, 1971). These tests have been made because MAFF
has exercised a responsibility for the control of marine
pollution from the disposal of wastes from ships by dump-
ing since 1965. Prior to 1974 this was done through a
voluntary control scheme in which companies, or other
organisations involved in the dumping of wastes, were in-
vited to apply for MAFF’s approval of their activities.
Details of the volume and the physical and chemical nature
of the waste were provided by the manufacturer and an
assessment of the acute toxicity of a representative sample
was made using a 96 h static test procedure. On the basis
of this information a decision was made on the suitability
of the waste for disposal in a specified area and, where no
significant effects on the marine environment were expec-

ted, a consent for the disposal of the waste was granted
(Wilson, 1972). The static test was also used for the evalua-
tion of oil dispersants under the voluntary approval scheme
which existed prior to 1974 (Portmann and Connor, 1968;
Wilson, 1974). Dispersants with a satisfactory performance
in efficiency tests carried out at the Warren Spring Labora-
tory of the Department of Trade and Industry and with a
low toxicity in the static test were approved for use in the
UK.

In 1974, however, the Dumping at Sea Act (Great Britain-
Parliament, 1974) came into force and MAFF became
formally responsible, as the licensing authority for
England®, for the control of waste disposal at sea by dump-
ing. The Dumping at Sea Act makes it an offence to dump
(or load for the purposes of dumping) any material in the
sea from a vehicle, ship, aircraft, hovercraft or other marine
structure without a licence from the relevant licensing
authority, and except in accordance with the conditions of
that licence, In determining whether to grant a licence the
Act states that “the licensing authority shall have regard to
the need to protect the marine environment and the living
resources which it supports from the adverse consequences
of dumping the substances or articles to which the licence,
if granted, will relate: and the authority shall include such

*the other licensing authorities are the Welsh Office, the Department of Agriculture and Fisheries for Scotland and the Department of the

Environment for Northern Ireland.
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conditions in a licence as appear to the authority to, be
necessary or expedient for the protection of the environ-
ment and those resources from any such consequences”.
Substances which required licensing under the Act included
not only wastes, such as sewage sludges, dredge spoils and
industrial effluents, but also oil dispersants and related
chemicals. This latter requirement led to the development
of new toxicity tests for oil dispersants (Blackman et al.,
1977) and to standardisation of the static test method,
which continued to be used for evaluating the toxicity of
wastes.

Toxicity tests are generally required only for industrial
wastes, since their complex composition rarely allows
toxicity to be predicted, even if the toxicity of the indivi-
dual components is known. It is essential either that the
test method should be free from variations in sensitivity or
that such variations should be recognised and their signific-
ance understood and taken into account when assessing the

results. Both water temperature and size of test animals are
variables which can modify the results obtained (Portmann,
1968). These effects are eliminated in the standard test by
carrying out all experiments at a constant temperature and
using test animals within a specified size range. However,
seasonal changes in sensitivity could be important, because
licence applications for industrial wastes are received
throughout the year. Such variations are impossible to
eliminate when natural populations are used and any
method used on a routine basis should be examined to
find out whether such variations exist. To this end, tests
to assess seasonal variations were carried out at three-
monthly intervals between September, 1977 and September,
1979 using the standard method for industrial wastes with
four reference compounds.

This report gives the results of these three-monthly tests,
together with a detailed description of the standard static
toxicity test procedure and its use in assessing the toxicity
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of industrial wastes under the Dumping at Sea Act. The
operation of the Dumping at Sea Act and the use of data
generated by these tests in deciding whether or not to
licence the dumping of wastes has been described elsewhere
(Wilson, 1976; Norton, 1976).

2. Apparatus

Part of the test apparatus is shown in Figure 1. This con-
sists of a number of ‘Perspex’ test tanks supported on an
alloy frame over drainage channels. The tanks are fitted
with nylon drain taps covered with a 5 mm plastic mesh
screen to retain test animals. Each tank is calibrated to
hold 10 1 of test solution which is gently aerated through a
pipette connected to the compressed air supply by means
of the apparatus shown in Figure 2. The aerator pipette
enters the tank through a 10 mm diameter hole in a
‘Perspex’ splash guard which prevents transfer of the test
solution from one tank to another by the aerator spray.
‘Perspex’ lids are used to prevent escape of test animals
during experiments. The room in which the test apparatus
is housed is maintained at a constant temperature of
15°C (% 1°C) and is equipped with an automatic 12 h
light: 12 h dark photoperiod.

The sea water which is used to make up the test solutions
and for maintaining the test animals during acclimatisation
is taken from the estuary of the River Crouch on a flood
tide and stored in settling tanks for about 2 days to remove
most of the silt particles. It is then pumped to the Labora-
tory’s header tank and brought to the test temperature of
15°C (21°C) before being used in the test animal stock
tanks. A 10 um in-line membrane filter situated close to the
test tanks removes any remaining silt particles from the
water which is then used to fill the tanks. The salinity of
the water is measured daily; the mean value during the
period of the tests described in this report was 31 parts per
thousand (°/o0) with a standard deviation of 2.5%/o0.

3. Methods
3.1 Standard test for industrial wastes

The two species used for standard tests on industrial wastes
are adult brown shrimp, Crangon crangon L (= Crangon
vulgaris), and a fish, the armed bullhead (hooknose or
pogge), Agonus cataphractus. These species were chosen for
their small size, ease of handling and availability throughout
the year. In addition, experience had shown that they have
an average sensitivity to a wide range of pollutants. They

are caught in the estuary of the River Crouch by the
" Laboratory’s research vessel using a modified 2 m beam
trawl with 10 mm mesh in the cod end. On arrival in the
laboratory the animals are transferred to 401 polyethylene
stock tanks at a maximum density of 200 shrimps or 100
fish per tank. Water at the test temperature of 15°C is used
to slowly fill the tanks and any dead or injured animals are
removed. The animals are maintained in well aerated,
gently flowing sea water for 24 days before the start of
the test. They are not fed during their period in the labora-
tory, which never exceeds 9 days.

The pH of the undiluted industrial waste is measured; if this
is less than 6 or greater than 8 an estimate is made of the
dilution needed to bring it within the normal range for sea
water. The pH values of the neat and diluted waste are
recorded, together with a subjective description of its
visual and olfactory characteristics; this information may be
of use in interpreting the results of the toxicity test.

The test tanks are filled with 10 1 of sea water and aerated
for at least 1 h. Ten fish of 50-100 mm total length (about
2-8 g) or 20 shrimps of 40-70 mm (about 1-3 g) are then
randomly added to each tank. Freshly moulted shrimps
and diseased animals are excluded. A further acclimatisa-
tion period of 2 h is allowed before the test solutions are
added. Test solutions are made up by gently stirring a
measured amount of the well mixed test substance into the
sea water in the test tanks. For each species, four concen-
trations of the waste are set up initially, with controls of
clean sea water. Duplicates are used at each concentration.
The concentrations chosen depend on what is known about
the waste, but generally start at 10 000 w17 (1%) and
decrease at half-logarithmic intervals (i.e. 3 300, 1 000 and
330 ul 1'). For wastes having a very high or low pH the
maximum concentration is that which gives a pH within the
range 3-11. Test solutions are renewed daily to discard
metabolites and counteract losses of the test substance due
to absorbtion by the test organisms, degradation or volatili-
sation. The dissolved oxygen concentration (DO) in each
test tank is measured and recorded daily. If the DO in any
of the test tanks drops below 70% air saturation value then
the test is repeated with additional aeration. The pH of
test solutions of very acid or alkaline wastes is measured
and recorded 1 and 24 h after the start of the test. Each
test continues for 96 h. A range of lower concentrations
of the waste may be tested subsequently if necessary.

The tanks are inspected at frequent intervals, including
24, 48, 72 and 96 h after adding the test solution, and
dead animals (defined as those not responding to gentle
prodding) are recorded and removed. As cannibalism of
freshly moulted shrimps may take place the number of
animals remaining alive at the end of the experiment is
also noted so that the total number of test animals in each
tank may be calculated. At the time of each observation,
and for each tank, the cumulative percentage mortality is
calculated using the following formula:

2m-1x 100

2p

where m is the cumulative mortality and p is the total
number of animals in the tank. Thus where 10 animals are
used in each tank the response of the first is regarded as 5%,
the second as 15% and the tenth as 95%. This is because the
median response time relates not to the response time of
the fifth animal out of a total of 10, but to a response
time between the fifth and sixth animal (Lloyd, 1979).

For each individual batch of fish the cumulative percen-
tage mortalities are plotted against exposure time, using a
probit scale for mortality and a logarithmic scale for time.
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In instances when the exact time of death was not observed
(for example, when overnight mortalities occurred) a line is
drawn on the graph between the time when the mortality
was recorded and the time of the previous observation
(Figure 3). A line is then fitted by eye through the points
(giving greater weight to those between 25% and 75%
mortality) to give a time/mortality curve. The time for
50% mortality (LT50) for each tank may then be read off
the graph and used to construct a concentration/median
response curve.

Additionally, it is often useful to calculate the concentra-
tion lethal to 50% of the test organisms (LC50) at fixed
observation times. In this case the cumulative percentage
mortalities at, for example, 4 and 48 h, are plotted on a
probit scale against concentration on a logarithmic scale
(Figure 4). A line fitted by eye between the points allows
approximate values for the LC50 at these time intervals to
be estimated. A concentration/response relationship is then
obtained for each species by plotting the values of the
LT50 against concentration and the estimated values of the
LC50 against the corresponding time, using log - log graph
paper. Typical concentration/response curves showing
LT50 against concentration for Crangon and Agonus are
shown in Figure 5.

3.2 Three-monthly tests

The four reference compounds used for the three-monthly
tests, chosen because of their different toxicological charac-
teristics, were sulphuric acid (hydrogen ion, rapid action),
phenol (non-ionised molecule, slow action), ammonium
sulphate (non-ionised proportion toxic, rapid action) and
copper sulphate (ionised metal, slow action). These were
added to the test tanks as solutions of the analytical grade
(AR) reagent in distilled water at the following concentra-
tions: sulphuric acid, 10% v/v H,S80,4; phenol, 1% w/v
C¢HsOH; ammonium sulphate, 10% w/v (NH,;),SO4;
copper, 5% w/v Cu from Cu,SO,.5H,0. The tests were
carried out in March, June, September and December
of each year, using the standard industrial waste
test method. Due to pressure of other work, it was not
always possible to test all four compounds against both
species, and some of the tests had to be carried out using a
limited range of concentrations. When calculating the
results of these tests, 95% confidence limits on the LTS0
values were calculated according to the method of
Litchfield (1949).
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3.3 Evaluation of the test data

In assessing the acceptability of a waste for sea disposal
there are two items of information which are required from
the standard toxicity test; first, a single concentration
(LC50) for a standard exposure period which serves as an
indication of the toxicity of the waste under the conditions
of the test, and second, an indication of the rate of toxic
action, as shown by the shape of the concentration/
response curve.

The LCSO0 for any exposure period up to and including 96 h
(e.g. 1, 24 and 48 h) may be taken from the response curve
(see Figure 5). Since, with complex test substances like
industrial wastes, it is impossible to measure the concentra-
tion of the test substance present in the tanks, the term
LC(1)50, where C(I) is the initial concentration of the test
solution, is more correctly used (Lloyd and Tooby, 1979).
This indicates that, although the test solutions were re-
newed daily, the actual concentration of the test substance
may not have remained constant during the period of the
test.

The vast majority of wastes give rise to curves similar to
those in Figure 5 in which a threshold, or asymptotic,
LCS50 can be measured within the exposure period 96 h,
thus indicating that the toxic components of the waste can
be excreted or detoxified within this time. At concentra-
tions below the threshold LC50, animals of similar
sensitivity to the test species are unlikely to be killed even
after prolonged exposure to the test substance. This type of
response is typical of wastes in which very high or low pH is
the main cause of toxicity. Figure 6 gives examples of three
other curve shapes which are sometimes obtained. Curve 1
is shallower than the example in Figure 5, and the threshold
LC50 is not reached during the 96 h test period; concentra-
tions lower than the 96 h LCS0 may be lethal at longer
exposure periods. This response indicates that the test
organisms may detoxify only slowly or adapt to the waste.

A linear concentration/response relationship (Curve 2)
indicates that no such detoxification is taking place, that no
lethal threshold is evident under the test conditions and
that prolonged exposure to concentrations well below the
96 h LC50 value would be expected to lead to some mor-
tality. Wastes which give rise to this type of curve are
usually bioaccumulative and therefore generally unaccept-
able for sea disposal. Curve 3 occurs infrequently; it indi-
cates a more complex type of response,-such as may result
from a mixture of a fast-acting, low toxicity compound and
a slower-acting substance of higher toxicity. Alternatively,
this type of curve may result from the breakdown of an
initially low toxic component into more toxic fractions.

4. Results

4.1 ' Industrial wastes

Nearly 140 industrial wastes have been tested under the
Dumping at Sea Act since January, 1975. Over 90 of these

6

were new applications for licences, the remainder being
samples taken during routine inspection of wastes for
dumping. The distribution of the 96 h LC(I)SO values for
Crangon and Agonus are given in Figure 7. A significant
proportion of the wastes (34% for Crangon and 26% for
Agonus) - had 96 h LC50 values greater than
10 000 p 11? (1%), the maximum concentration used in
the tests, whereas only 4% and 9% of the wastes had
LC50 values less than 100 ug 17 for the two species
respectively. The relative susceptibilities of the two test
species are shown in Figure 8. It is clear that Crangon
and Agonus have, in general, similar sensitivities, with
most of the 96 h LC50s falling within one order of mag-
nitude of each other. A similar relationship has been
observed for other species (Maki, 1979; Lee, CM.,,
personal communication).

4.2 Three-monthly tests

The results of the three-monthly tests to determine varia-
tion in sensitivity are given in Table 1. Neither Crangon nor
Agonus showed any significant variation in sensitivity to
sulphuric acid, phenol or ammonium sulphate but there
was a considerable variation in the 96 h LC50 values of
both species for copper (0.2 - >3.3 mg 1?* for Crangon
and 0.06 - 0.5 mg 1 * for Agonus). This might be due to
seasonal changes in the animals but it is possible that the
variations in copper toxicity were caused by variations in
the amount of copper available to the test animals, arising
from fluctuations in the physical and chemical properties
of the sea water. The availability of a metal such as copper
to marine organisms depends on its solubility and whether
it is in the ionic form or complexed with organic or in-
organic compounds (Gnassia-Barelli ez al., 1978). Although
copper as copper sulphate is highly soluble in distilled
water, its solubility in natural water is limited by the forma-
tion of insoluble hydroxides, carbonates or phosphates
(Andrew et al., 1977).

In September, 1979 a simple experiment was carried out to
determine:

(i) the concentration of copper in the various test
solutions; -
(ii) whether the apparent differences in toxicity

reflected variations in the soluble copper concentrations;

(iii) whether the precipitated copper influenced
the toxicity.

Two parallel toxicity tests were set up, with the test solu-
tions being made up 2 days before the start of the test in
order to allow equilibrium to be reached if any precipita-
tion took place. The test solutions used to fill one set of
tanks were then passed through a Whatman No. 1 filter
paper to remove the precipitate. Animals were added to
both sets of tanks and the toxicity experiments carried
out using filtered and unfiltered water, but without daily
replacement of the test solution. At the end of the experi-
ment the concentrations of dissolved copper in the test
solutions were measured by atomic absorption spectro-
photometry (AAS).
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Table 1 Results of the three-monthly toxicity tests using four reference compounds -

Date 96h LC(I)50 to Crangon crangon 96 LC(T) 50 to Agonus cataphractus
Sulphuric  Phenol =~ Ammonium  Copper  Sulphuric  Phenol ~Ammonium  Copper
acid sulphate acid sulphate
(1) (mgl*) (mgl?) (mgl?) (u1%) (mg1?) (mgl?) (mg1?)
1977 September  33-100 380 1.6 33-100 210 - 0.5
December 33-100 600 02 33-100 200
1978 March 03"
June 33-100 480 05 33-100 130 0.06
September 52 27 400 32 36 10 0.5
December 54 19
1979 March 55 10-33 540 0.5
June 33-100 20 >2.5 33-100 <33 0.5
September >33
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Figure 7 The distribution of 96h LC50s of industrial wastes

to Crangon and Agonus.

The results of these -experiments are given in Table 2.
There was no significant difference in toxicity or copper
concentration between the filtered and unfiltered solutions,
suggesting that toxicity was due to dissolved rather than

precipitated copper. The chemical analyses showed that
between 0.5 and 90% of the copper in the tanks was
present in solution, depending on the amount of copper
added. A possible explanation of this is as follows. If the
solubility of copper in sea water is limited by the forma-
tion of insoluble salts then the amount of copper in solu-
tion would be a function of both the concentration of the
appropriate anions in the sea water and the solubility of the
salts formed. Andrew et al, (1977) demonstrated a reduc-
tion in the toxicity of copper to Daphnia magna due to
_carbonate complexing and suggested that shifts in carbon-
ate equilibria might be responsible for much of the varia-
bility of copper toxicity reported in the literature; it seems
likely that the salt formed in these experiments was copper
carbonate which has a very low solubility (thus:
CuS0,4.5H;0 + CO3%2"——35CuCO; + SO, 2-+5H,0). In
the present experiment, when between 1 and 100 mg 17 of
copper were added to sea water, a maximum of about

1 mg I? went into solution and the remainder precipitated
out. This suggests that carbonate was present in excess of
the copper, forming salts soluble at about 1 mg 17 . When
copper was added at 1 000 mg 17, however, only about
200 mg 17 precipitated out and the remainder (about
800 mg 1?) was held in solution. This was probably due to
the removal of all of the carbonate and to the excess copper
remaining in solution.

The concentration of carbonate in sea water depends on a
number of factors, including temperature, pH and dissolved
carbon dioxide (CO,) concentration. As all of these, par-
ticularly the CO, concentration, are likely to vary between
tests, they could be possible causes of the variation in
LC50 values for copper which were obtained over the two-
year experimental period. An alternative, or more probably
an additional, explanation for the variability in toxicity
values could be differences in the forms of the copper in
solution and the biological availability of these different
copper species to the test organism. Variations in the
organic components of sea water occur on a seasonal basis
and the metal complexes associated with the organic frac-
tion are likelv to vary accordingly.
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Table 2 The toxicity and solubility of copper in sea water

Treatment Copper
added

(mg1?)
Filtered test 0

solution 0.1
(i.e. precipitate 1
removed) 10
100
1 000
Unfiltered test 0

solution 0.1
1

10 *

100 *

1000 *

Copper
found in
solution

(mgl1™)

0.7

10

0.5
800

0.9

1.5

1.6
880

pH of
solution
at 96h

% mortality
at 96h

*blue precipitate present

w o

T D eim



5. Discussion and conclusions

A major consideration in the selection of a method for
determining the toxicity of wastes in relation to the Dump-
ing at Sea Act was the need to process a large number of
samples on a routine basis at a reasonable cost and to
obtain reproducible data. This limits the toxicity tests to
the use of one or two representative test species. Neverthe-
less, the LC(I)50 values derived from such tests provide a
basis for assessment of potential hazard when compared
with the predicted concentration of the waste at the dump-
ing site.

If the LC(I)SO or the shape of the concentration/response
curve indicates a potential risk to marine life, then the
‘waste is not normally licensed. A licence for a waste found
to be acceptable on toxicological grounds usually includes
specification of the rate of discharge so as to provide a
dilution rate which will give an acceptable margin of safety
to species more sensitive than those used in the test. The
rates of dilution required generally err on the safe side,
because the toxicological data utilised are from a laboratory
test in which the animals are maintained in relatively con-
stant concentrations of the waste for 96h, whereas natural
dispersion and degradation processes ensure a continually
decreasing concentration of the waste at sea.

The results of the tests carried out at three-monthly inter-
vals with four toxicologically different substances showed
the method to be free of substantial seasonal variations in
sensitivity of the test species. The toxicity of one heavy
metal (copper) was not free of such variations, and it is
possible that this may be in part due to the carbonate
content of sea water. Variations in the latter, and other
substances, alter the speciation of the metal, and are
probably the result of natural fluctuations.
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