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SUMMARY

A contlnuouu flow apparatus has been built at the Fisheries Laboratory
at Burnham-on-Crouch that is capable of administering different, yet constant
concentratlons of toxin to twenty experlmental tanks. Using this’ apparatus,
the toxicity of mercury (as mercuric chloride) and cadmium (as cadmium
chloride) to the brown shrimp (Crangon crangon) has been studied over
several weeks. After 1500 hours' cxposure these metals were toxic at:1/1000

and 1/100 respentively of their 48 hr LCSO' No lethal threshold concentra-

" tion was established. Although the toxins did not affect the rates at which
the animals moulted, at the higher concentrations newly-moulted enimals were

much more vulnerable. This was shown as a decrease in survival time after

moulting. A correlation between the size of the shrimp and concentration

was established, with smaller shrimps being more sensitive.

INTRODUCTION
The techniques of acute toxicity testing in sea water have followed

those developed by the freshwater tox1colog19ts, where the detcrmlnatlon of

-the concentration of a toxin required to klll 50 per cent of the test

organisms within 48 or 96 hours (48 or 96 hour LC ) is a well Got&bllShed
practlce. However, it is beconing 1ncrea31ngly recognlzed that these '
flgureg give 1little or no indication of the pattern of intoxication, and
the ‘safe' concentration of two chemicals with the same 48 hour LCBO can
dlffer markedly (Alabaster 1970) A more 1mportant parameter is the maximum
concentratlon at whlch acute tox101ty is not apparent . This concentratlon,
aloo known as the 1n01p10nt LCSO or lethal threshold concentratlon, is not
neceﬂsarlly the safe concentration at which a flshery would survlvc, for 1t
takeu no aocount of sub- lethal effects ‘but is, uS Sprague "(1969) points out,
"'.... a convenlcnt and reproduclble refercnce p01nt that concentratlon
Wthh Would kill the average flsh on long exp09ure" _ He wcnt on to p01nt

out that in most cases this thrcuhold of acute tox1clty is reached within
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4 days; this was not‘the:caee for metals. Corner and Rigler (1958)-.
demonstrated that, in the static conditions of their test, mercury. was 10ot
from .o solution of mercuric chloride in sea water by evaporatlon, by . adsorp-
tlon to the glass walls of tee aquarium, and by absorption by bacteria in
the water. Boetius (1960) demonstrated the uptake -of the same metal from
solution by his test fish:\ These loseee lead to a decrease in the desired
concentration which becomes 31gn1f1cant at low concentrations and results
in an underestlmatlon of the tox1c1ty of the solutlon.

The present paper deecrlbes an apparatus deulgned and bullt to deliver

continuously low concentratlons of toxin at such a rate that losses to the,

‘tank and animals had negllglble effects on the external concentratlon. The

,happaratus is s1mple and rellable and ecnables teotu to be carrled out for(
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;long perlods with a mlnlmum amount of malntenance. Some prellmlnery results

achieved with the apparatuu; uolng galts of cadmium and mercury,were).‘ »

described. -
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The continuous flow apparatus will be described in detail elsewliere . .

(Connor and Wilson, in preparation) so that only a brief description.is, ;-

~ given here. The apparatusfwaslbuilt“to supply each of twenty 10-litre.

'Perspex' treatment aquaria.with its own flow of sea water containing toxin
at a constant concentration. Settled sea water from the laboratory supply:
is filtered and enters the reoervoir tank where it is heated, (or; cooled) . to
15 v (see Figure 1). Water in| 'the tank is punped continuously to the i

header tank at a rate which exceedu the demand of the aquarla, the cxceas‘
sea water overflow1ng back 1nto;the reserv01r tenk._ The header tank feeds

the treatment aquurle 1nd1v1dually, eech separate flow paselng through 1tg

own adJugtable and callbrated flowmeter 1nto the m1x1ng chamber._ Tox1n ,}
held in the utorage bottle 1$ retered 1nto the m1x1ng chamber atba conotent
rate by a perlstaltlc pump{"ﬁereﬂlt mlxes wlth the flow1ng uea Water; and

the solutlon thus formed leaveg the chember und flowQ 1nto the treatment

aquarlum before runnlng to Waste. All flows are adJuotable, but 1n the f 

‘,, .

Jpresent experiments sea water was supplled to each aquarlum at 10 1/hour X

and tox1n at 6. 67 ml/hour, the deulred concentratlonu in the aquarla Were
achleved by maklng up stock solutlonu of tox1n at concentratlons 1500 tlmes

greater than that d051red. Stock solutions were rade up every 48 houro in»

;dlstllled water uulng 'Analar' cadmlu.m chloride (CaC12 23H o) and mercurlc

......

chlorlde (HgCl ). Flfteen adult brown shrlmpu (Crangon crangon) were held

1n each aquarlum but they were 1nd1v1dua11y retalned in small, extruded )
X . - CoddTea !



plastic ('Netlon') cages. The animals were fed to satiation ‘every third-
day on chopped russel. The aquaria were inspected twice daily and all dead
animals and moulted cuticles were removed. The carapace length of 2ll-ani-
mals was measured with callipers at death. The experiments ran for two

months.

RESULTS

The distributicn of the survival times of the shrimps at each concen-
tration was found to be log normal (typical results for cadmium are given

in .Figure 2); the rcsults were analysed graphically to determine the mean

‘survival times (ET5O) and 95 per cent confidence limits (Litchfield 1949).

The resulting survival-concentration curves for mercury and ‘cadmium and

the results of 48 hour LC50
Figure 3. In both cases there is g similar curvilinear relationship between

determinations (Portmonn 1970) are shown in

survival time and concentration, but the incipient threshold concentration,
indicated by the curve becoming pcrallel with the time axis, was not reached
after 1500 hours' (62 days!) exposure. Mortality occurred even after con-
tinuing exposure at low concentrations. This is indicative of the
accunnulative nature of the poisons, and it seems likely that the threshold
concentration would only become apparent whon the effects of uptake of the
toxin are balanced by excretion or other methods of detoxification. '

By retalnlng the shrimps in separate cages, it has been possible to'

" study some of the biological factors affecting their‘suscéptibility'ic\

© poisoning. Newly-moulted animals were found to be more vulnerable; for

example, of the 15 animals that had moulted after 297 hours' exposure to
0.1 ppm cadmiunm, 11 had died, whereas only one of the 15 unmoulted shrimps
had died. The difference was significant (X = 8.32; P = 0.01-0. 001).

. The distribution of the times of moult was found to be log normal

(Flgure 4), and the significance tests of Litchfield (1949) showed then to

be- the same for the controls and- for shrimps exposed to all conccntratlonu

of toxins. However, post-moult surv1val was inversely related. to.the.,
coﬁcentration of netal (Figure 5). This increased susceptlblllty nay be
due to 1ncreaged pcrmeablllty to the toxin follow1ng moult to the
1ncreased phyolologlcal stresses associated with moultlng,.or to a comblna—
tion of.thes¢ factors. "
The: effect of carapace length and therefore body size on- the suscepti-

bility of shrimps to the “toxins “is shown in Flgure 6. From the survival

'dlstrlbut;on, the population was d;vidéd into 20 per cent intervals (see

inset to Figure 6), and the average carapacc length of the animals dying



. 48 hour LC

in . each interval was calculatéd. To enable comparison of lengths and sur-~

- vival times from different_coﬁcentrations the average length of each 20 per

. cent interval was expressed as a percentage of the average carapace length

of the total distribution at that concentration. The results shown in
Figure 6 are in agreement witﬁ those of Portmann (1968), with smaller

shrimps being much more sensitive.

CONCLUSIONS o ) . . :
. The continuous flow appafatus has proved reliable and accurate during
preliminary tcsts lasting moré,than two months, and from these longer-term
studies it has been possible to recognize toxins that probably exert their
influence by becoming slowly dccumulated. Analyses of.the tissues of dead
aninals for the metals are planned shortly to confirm this possibility.
These and other tests suggestithat considerable caution is needed in pre-
dicting the effects of long-térm exposure to toxins on the basis of their
50 values, unless a?clear lethal threshold concentration has-
been demonstrated. In the tests described, concentrations of mercury and
cadmium at 1/1000 and 1/100 of the 48 hour LC

been shown to be.lethal:in thé longer term.

50 values respectively have
Sources of variation in téxicity tests are as often derived from
heterogeneity between test popﬁlations as from differences in test pro-
cedures. The present paper deécribes the difference of body sizec and
moulting, but other biological%variables - such as age, condition and sex «
are likely to be significant. iThe importance of these factors is not always

evident in short-term toxicityitcsts.
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Diagram of the continuous flow apparatus. Only one treatment unit is shown.
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Figure 2 The accumulative percentége ﬁmortality curves for the brown‘ shrimp in

different concentrations of cadmium as cadmium chloride. The ETsq
_is the time that each line intersects 50 per cent mortality.
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Figure 3  Survival-concentration curves for Crangon in mercuric chloride and cadmium-

chloride solutions. Mean and 95 per cent confidence limits are shown for each
determination. '
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The time dlstrlbutlons of flrst moults after the start of the
experimental period. =
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Figure 5  Effect of concentration on time of survival after moulting.
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Figure 6 Influence of carapace length on the susceptibility of Crangon to mercury
poisoning. @ 3.33; O 1.0; A 0.33; A 0.10 ppm of mercury.
Inset shows a typical survival distribution for one concentration with the
20 per cent intervals indicated.



