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INTRÖDUCTION

•

Assessing the biologieal problems of releasing a new substance into the marine

environment i8 a complex but necessary procedure. Clearly there is no single test

that can demonstrate the hazards associated with all substances and the experimental

programme of investigation for eaeh compound should inelude the measurement of short

and long term toxicity, ita ability to accumulate in organisms directly or through

food chains, and the rates of physica1, chemica1 and biological change. The latter

in~ludes microbial degradation and metabolism by higher organisms. As part of this

8ssessmcnt it i8 neeessary to understand the rate and 'extent to whieh a eompound ean

be taken up from water and eliminated, and how physieal, ehemiea1 and biologieal

parameters affeet these kinetics. This paper deseribes experiments to determine the

rate of uptake from water and the loss of dieldrin by a variety of marine organisma.

MATERIALS AND METHODS

Test animals

The following test speeies were used:

Species Average wet Number
weight (g) per tank

• Mytilus edulis 2.78 20

Ostrea edulis 2.11 20

Crangon erangon 0.60 30

Agonus eataphraetus 1.82 15

The animale were eolleeted from the 8stuary of the River Crouch, Essex and

maintained in running aerated sea water in the laboratory~ They were not fed during

the acclimation period or during the experiments.

Test compo~ds

The test compound used was ana1ytical grade <{99.5% purity) die1drin, 1, 2, 3,

4, 10, 10- hexaehloro - 6, 7 - epoxy - 1, 4, 4a, 5, 6, ~, 8, 8a - octahydro - exo ­

1, 4 - ende - 5, 8 - dimethanonaphtha1ene. Stock solution. of dieldrin were made up

in 3:2 diatilled water and Analar grade acetone.

Bioaccumulation snd elimination

The continuous flow apparatua of Connor and Wilson (1972) was modified by
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replacing most of the PVC delivery tubing with glass capi1liary tubi~g. The test

animals were held in 10 1itre Perspex tanis receiving flows of sea water of 10 1/hour

and of dieldrin solutions of 2 'miilio~r~; : 'Nominal' c~ncentratio~s of die1dri~ in
, ,

water of 0.1 to 20 ~g/1 were tested; actua1 concentrations of dieldrin in the water

were determined at least orlce ~very day.,
" '

Routlnely.the accumulation of die1drin was monitored for 20 days. The dieldrin

flow was then s topped snd 'clean sca water passed" through the' tanks for up to 30 days.

Samp~es of animals were taken dai1y. They wcre weighed after surface drying (wet
. ' 0' " ' . .

weight) and stored at -20 C to await analysis. On1y the soft parts of musse1s and

oysters were weighed and analysed; shrimps and fish were analysed who1e. Anima1s

were analysedihdividual1y.'
, "

• 0
Throughout the,experiments the sea,water was maintained at 13 C and salinity at

30-320
/00. .

Chemical analys~s ~

Sea 'water was extracted'with a suitab1e volume of n-hexane and an aliquot of

the hexane was then injectcd directly onto the ,GLC. For the determination of dieldrin

in the animals. the tissue was first cut into amall pieces and transferred to a 250 ml
, .

. round bottomed flask fitted with a,sp~ash head and downward de1ivery condenser. With

shrimps,and fish sampl~s on1y 10 ml'of 2N NaOll was added and the tissue a110wed to

hydrolyse for 30 minutcs. For all tissues 100 ml distilled water, 4 ml of antifoam

compound and 10 ml of n-hexanc ~ere added to the flask and approximately:50 ~l water

distilled,off together with the'hexane. ihis hexane layer was removed by pippette

arid a sampie injected directl)' onto the GLC.

When fat contcnt was also deterinincd, the tissue was first mixed with imhydrous

sodium sulphate. placed in athimble and soxhlet extracted with hexane for 2 hours.

After cooling. the extract was diluted to 100 m1 with n-hexanc; from this solution ...

'1 ml wascleaned up on an 'alumina column (Holden and Marsden ~969) before analysis

for dieldrin on GLC. The remainder of the solution was used to calculate fat content.

. Each sample was analysed on a Varian Aerograph model 1700 fitted with twin 3H

electron capture detectors." Details of the, columns etc are given below:

glass columns 6 ft x 1 inO.D.

'chanoel A 4% DC 200 + 64 QFI

channel B 8% DC 200

)
) both on 80-100 chromasorb WAW DMCS

injector temperatures

column ove~l'

detector oven

nitrogen flow

240o
C'

l80-18SoC" .
. 0'· "', .; ,:
220 C

,~ ..
4~50 mI/minute

, ,
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',RESULTS

Water levels

In all cases the levels of dieldrin in solution in the tanks were less than the

levels ca1culated from the f10ws of sea water and toxin solution. It must be

assumed therefore that there was a steady 10s8 of dieldrin from the water to silicone

tubihg. Perspex. ,glassware. etc before it reached the test tanks.

Once established. the die1drin levels in each tank remained very constant

(Tab1e 1) and no attempt was made to adjust them to the original nominal concentra­

dons.

TABLE 1 Concentration of dieldrin in water during the 20 day accumulation period

Test Mean concen- Standard Daily
animal tration (l-Ig/1) error observations

• MytHus 0.93 0.024 21

3.78 0.30 21

5.41 0.16 19

15.5 0.58 21

Crangon 0.047 0.002 21

0.72 0.006 21

1.27 0.03 21

6.68 0.33 10

Agonus 1.53 ' 0.88 11

Levels in contro1 animals

For each experimental series a control tank received sea water and stock solution

without added dieldrin. Control nnimals from these tanks were sampled daily and

4It analysed. Despite the fact that the anima1s were not fed during'the experiments

there was no apparent increase or decrease in tissue levels of dieldrin with time.

Mean values for:dieldrin concentrations in control animals are given in Table 2.

TAßLE 2 Concentration of dieldrin in control noima1s from lass experiments

Test Mean tissue Standard' Number of
animal level (l1g/g) error samples

/'

MytHus 0.036 0.004· 29

Crangon 0.036 0.005 29

Ostrea 0.0081 0.0012 22

Agonus 0.029 0.010 11
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Acc:umulation

Tho pattern of uptake of dieldrin by Mytilus from different concentrations in

sea water is shown in Figure 1. There was clearly an increase in tis8ue concen­

trations of dieldrin withtime and the rate of increase was related to the water

level.

Attempts were madeto fit the data to an exponent:i..al equation of the form

Cae-C (l-exp(-kt) but no significant rolationships eould be established. Howeverss
linear regressions were significant (Table 3).

Similar results were obtained with shrimps (Figura 2). At eaeh water level

there was a linear inc:rease in coneentration with time. Again no equilibrium or

steady state was ruaehed during the 20 day exposureperiod. From the uptake data

it is possible to derive some of the aceumulation parameters. These are given

in Table J.

TABLE 3 Accumu1ation c:oefficients of die1drin

\

•

\

Species Concentra-
don in
water

Concn. at
day 20
(lJg/kg)

Rate of accumn.
(lJS/kg/day)

AF Accumulation
'equation

MytHus· 0.93 4.103 207 223 Ca-0.2lt-l.037

3.78 14.998 810 214 Ca-0.81t-l.202

5.41 24.210 1,311 ,242 Ca"1.311t-2.01

15.5 44,041 2.174 140 Ca-2.17t-0.56l

Crangon 0.047 145 5 106 Ca-O.OO5t-0.045

0.072 197 12 167 Ca-O.012t-0.043

1.271 3,030 150 118 Ca-0.150t+O.03

6.68 10.357· 1,102 165 Ca-1.102t-0.663 •Agonus 1.53 12,464* 1.042 682 Ca-1.042t+2.044

Loss experiments
In these experiments the animals were exposed to dieldrin concentrations for

20 days and then transferred to clean sea water. The results for the four different

test species are shown in Fiture 3. In all cases there was a decline in tissue.
concentration with time and the results gave a signific:ant fit toan exponential

equation of the form, C -C (exp-kt). l"rom these data it has been possible to. a 0

calculate the biologieal half-life (t50) and the time for the elimination of 90% of

the acc:umulated level (t90) in all species. These data are given in Table 4.
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! TABLE 4 Elimination eoefficients of dieldrin
.-:/

,\

I Spedes Water level -K t50 t90•

/ on uptake (days) (days)
(pg/l)

/ MytHus 0.8 0.086t 8.1 27

0.057t 12.2 40

Crangon 0.65 0.133t 5.2 17

Agonus 0.1 0.068t 10.2 34

Ostrea 1.8 O.H2t 6.2 21

Effeet of length of uptake period

Mussels exposed to the same eoneentration of dieldrin (2 pg/l) were transferred

~ to clean sea water after different exposure periods. The rate of 10ss of dieldrin

from these mussels is shown in Figure 4. There was an exponential deerease in

dieldrin eoneentrations with time. Estimates of biologieal half-life ranged from

9 to 20'days but bore no relationship to the lertgth of the exposure period.

Fat eontent

It was elear from results of earlier uptake and 10ss experiments that eertain

biologieal parameters ,were important in determining the residue levels sttained in

an animal. Figure 5 shows theeffeet of physiologieal eondition of'Mytilus ~n the

rate of uptake of dieldrin over 10 days. Wet weight snd eondition faetor (wet
I .

per unit internal volume of shell) were both important determinants,of \. /
fat eontent was not signifieantly eorrelated with dieldrin aeeumUlation~

• DISCUSSION

Dieldrin has a low solubility in sea water but a high affinity for plastics,

PVC ete. However the present experiments have shown that, using a suitable constant

flow apparatus, eonstant wat~r levels ean be obtained. To ensure that dieldrin

concentrations do not decrease within the test chamber relatively small tanks with

high flow rates are recommended.

In the present experiments it was necessary to use a solvent carrier, acetone,

to assist solution of the dieldrin in sea water and it is not known if this procedure

affects the accumulation eharacteristics.of dieldrin. There was ~o evidence of any

toxie effects of the acetone on eontrol animals hut acute toxie effects of dieldrin

were observed during the uptake experiments with Agonus and Crangon, as shown in

Iable 5.
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TAßLE 5 Toxic effects of dieldrin

Species Water level Time to 50% ,Animal level at
(pg/l) mortality death (mg/kg) \

(days) \
\

,Agonus 0.47 16.2 10.7 \'
\1~06 3.1 3.5

1.10 3.3 3.8

1.60 4.2 9.3

Crangon 7.6 2.5 7.0

6.6 5.2 7.9

0.9 6.8

There was a clear relationship between the concentration in water and time

to death. but more interesting was the increase in residue level in the dead

animals with increase in the expOBure time causing mortality.

Accumulation of dieldrin by all species showed a similar pattern at all

concentrations~ Accumulation increased linearly with time snd even at the lowest

concentrations a progression to a steady state situation was not apparent. Under

conditions where a steady state is not attained the levels accumulated by the

animal are dependent both on water level and exposure time. Discussing this

problem.,Adema and Compaan (1975) demonstrate the usefulness of the term AF (here,
" , \ defined as accumulation factor) for comparing experimental results. They concluded

\ , ,.'J' that for any one species the value of AF was constant. irrespectiveof water level

- and time. This has been confirmed in the present study (Table 3). -The low value

, of AF for Myti1us exposed to 15 pgll dieldrin may be indicative of physiological

effects of this high concentration.

The pattern of loss of dieldrin from animals transferred to clean water was

similar for all species butt unlike the accumulation experiments. the loss proces8

was,shown to be exponential. This result infers that thc uptake process also

proceeds at an exponential rate but this could not be detected in the short term.

The values for biological half-life of dieldrin. determined from the rate 'of

10&8 t~ 50% of the level at thc end of the cxposure period. were between 5 and 10

da~s. Except for Crangon it was not possible to confirm if the exponential rate
, . .

of lass con~inued and the extrap01ated va1ues of t90 ware realised. In the csse.
of fish and musse1s. determina~ion o~ t90 would have entailed extending the

experiments for severalweeks., There are considerable dif~icu1ties in prolonging

experiments of this nature. For example. the varisbility in residue levels shown
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by Mytilus during the down run after a 30 day exposure period was very ,mueh greater

than for the shorter exposure times, and this suggests that ehanges in the

physiology of the animals were oeeurring as a result of prolonged s~arvation.

Certainly in Mytilus, size and eondition are both important in deteimining the level

of aeeumulation, and the lack of eorrelation between pereentage fat eontent and

dieldrin aceumul~tion may have been due to lack of a steady state situation.

For any eompound then the value of the biologieal half-life is dependent on

speeies and upon its physio10gieal state. Attempts to standardise uptake and

10ss experiments need to take aeeount of these and other faetors, such as tempera­

ture, fee ding rate, ete. These eonsiderations beeome very i~portant in the longer

term studies.

SUMMARY

Tbe kineties of aeeumulation and loss of dieldrin in sea water by musseis,

shrimps, oysters and fish have been determined. Coneentration faetors at the end

of the 2o-day exposure period ranged from 2000 for shrimps to 12000 for fish.

Steady state levels ware not reaehed with any speeies at any water eoneentration

d~ring th~ aeeumulation period. The" biologieal half-life of dieldrin was found to

be 5 days in shrimp, 6 days in oysters,lO days in fish and 8-12 days in mussels.

Residue levels were re1ated to eondition faetor and wet weight of mussels but not

to their fat content.
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Figure 1. Accumulation of dieldrin from water by musseIs, Mytilus edulis.



Fie;ure 2. Accumulation cf dieldrin from water by shrimps, Crangcn cranron.
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