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INTRODUCTION

Information on the acute toxieity of DDT on embryos of cod, Gadus
morhua; flounder, Platichthys ... flesus ;and plaice, Pleuronectes
platessa, was given by DETlffiEFSEN (1974).

The .present paper represents tbe second part of these investi
gations, the results of whicb are given in the. whole by
DETHLEFSEN (1975).

The aim of this survey was to investigate tbe toxie action of two
closely related pesticides, DDEbeing ametabolite of DDT, to
compair·their toxicity and to gather information on tbe toxic
action of combinations of tbc two pesticides.

In addition to tbat information was needed on species specific
differences in thc response of marine teleost embryos to pes ticide-

. intoxication.

MATERIAL ANTI r.IETHODS
Spawning fisbes were cauglit by·U.V. "Anton Döbrn" and the
spawning products were obtained by stripping, fertilization was
carried out in plastic containers witbout water.
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20 mine after fertilization aliquots'of egg-spermatozoa mixtures
were pipetted into t"emperated (SoC cod and plaice, 6°C f.lounder)
DDT and DDE-opiked glass containe~~,";ith300ml of carefully
filtered seawater. '

Aeration through plastic Pipette:tiPswithc02-free compressed
air guaranteed fairly equal bubble size and resulted in complete

. but soft circulation of the eggs in. the containers.

Salinity (± 0.1%0 S) oxygen (± 0.2 mg/I), pR (± 0.2) and tempe
ratures (± 0.1°0) were controlIed in regular intervals', always
representine optimum conditions~

Due to low natural solubility of DDT and DDE in seawater which
is 37 ppb at 25°C (MEERS, 1955) and 5.9 ppb at 2°6 (BOWMAN et al., •
1960) it was necessary to dissolve the pesticides in an organic
oolvent (Polyethyleneglycol 200) prior to addition to incubation
jars.

Three replicates per concentration (controls,. solvent-controls.
and concentrations) were used •. .. , .~..

Test media were renewed in 24 hours intervals'by pipetting the
embryos into freohly prepared test solutions.

'Peoticide concentrations in the test-containers were measured in
parallel experi~ents using hexane-extraction followed byeIectron
capture gas-liquid-chromatography.

lncubation jars were controlleddaily in order to count and remove
dead andmalformed' embryos. Hatched larvae were sampled in 12 hours
intervalo and it wao diotinguiohed betwe~n viable, malformed, and
dead larvae. Total length of larvae wao measured after narcotization
with MS 222.

RESULTS

22~~~~~E~~i2B~_2f_E~~~!~!~~~_!~_i~~~~~~~2~_ä~E~·

Ooncentrations of DDT and nDE decreased in the 24 hours intervals
inveotigated (Fig. 1). No differences in the behaviour of DDT and
DDE could be detected although it iskno\vu that DDE has a sornewhat
higher vapour pressure than DDT (GOLDBERG, 1975; MAlER-BODE, 1964).

•
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The eoncentrationsof pesticides found immediately after mixing
into 'seawatcr depended on the startine.concentration. Due to
hieh initiallosoes at high atarting concentrations the recovery
rates .of the pesticides measurable 10 mine after mixing were high
at low, siarting concentraticnsand lower at higher starting
concentrations (Fig. 1).
The decrease of the concentrations of pesticides also depended on
the starting concentrations.

Relatively high lasses caused by adsorption on the surfaces of
the incubationjars and by losses dueto codistillation processes .
lead to rapid decreaoes of pesticide concentrations.in low starting
concentrations. Decreases found for'higher starting concentrations

• were less rapid.

The3e findings are in good agreement with results of BOWMAN et ale
(1959, 1960), ACRE et ale (1963) and S~DERGREN (1971).

In order to eive uniform concentrationsfor our trials medium
effective concentrations of the pesticides were estimated
graphically. The .correlation between starting concentrations·and
medium effective concentrations is given in Fig~ 2.

The lowerthe absolute quantity of pesticide in the incubation jars
the higher the relative loss and the lower was the medium effective
concentration. .-

•
With increasing concentrations the relative lass was lower and the
.mediums effective concentration increased.' When starting concen
trations were higher than.O.25 ppm DDT or DDE the medium effective
concentrations were found to decr~ase again. This finding can be
explained by the fact that the pesticides are not dissolvedin the
seawater, they are suspended and precipitation from this suspension
must be higher·the higher the starting c~ncentrations are.

In the following pesticide concentrations are always given asmedium
effective concentrations.
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Cod Gadus morhua
---~-------------
Rcsults depicted ,in Fig. 3 ,were obtained in the period from
fertilization uutil hatching. The hatchingsuccess inthe controls
was 85.5 % of the initial number of embryos. Malformation rates in '.
controls were 1.5 - 2.2 %embryos and the percentage of viablehatch
was 97.5 %of the hatched larvae.

Only 70.0 5~'ofthe embryos incubated in 0.0413 ppm DDT were able-
to hateh, 80 % of those were viable.

When embryos were incubated,in 0.090 ppm DDT, hatching suecesa
was lowered to 50.4 ~~,and viable hatch to 54.4 7~ of the larv'ae.

, .

76.8 %embryos ineubated in 0.0413 pprn ~ were able to hateh and
92.0 %of the hatehed larvae were viable.

Fror.! the 65.2 %hat~hed embryos in 0.090 ppmDDE 64.8·% were viable.

Qualitative differences in the action ofthe pestieideswere only
found in the para~eter hatching ~.

Corresponding to the results given in 1974 DDT eaused adelay of-
hatehinetir.!e co~pared to that of eontrols, the hatching period was
prolonged from 5 days of eontrols to 7 to 8 days in' 0.090ppm DDT.

DDE eaused an earlier hatehing of .the larvae, in 0.090 ppm DDT'-maximum hatehoccurredat the second day of the hatching period 9

in the controls maximum hatch was found at the third day of the
hatehing period.

Duration of hatching period was filortened under the influence of DDE••

In 0.0095 ppm'DDT plus 0.0095 ppm DDE 60.2% of the embryos were able
to hatch 75.6 %of the larvae being viable but only 38.1 %hatehed
in 0.090'ppm DDT plus 0.090 ppm ~, 12.2 %were ·viable.
. '

In order to faeili tate comparison of the toxie act,ion of thc
pesticides applied separate or in combination the eorrelation
between concentrations of pestieides'and hatching-success and
malformation rates is given in Fig., 40

From this figure it can be seen that DDE is less toxic than DDT
applied in the same eoncentrations (approx. 40 %less).
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Combinations of both pestieides are more toxie than separately
applied pesticides in·comparable concentrations.

This findinß is confirmed by most of the other parameters tested i.e.. . .

ratesof malformed embryos, daily coarsc of mortalities of
embryos etc.

!!~~~~~EL_~!~~!~~~h~~_f!~~~~

Results of the experiments on flounder embryos are depicted in·
Fig. 5 ~

Again the period from fertilization until hatching is covered. No
major differcnces to the findings of thc cod experiments were noted.

The percentages of postmature embryos,which were unable to hatch
and stayed in their egg membranes until the end of hatching was
not correlated to the concentrations applied.

Hatching rates in the controls were near to 90 % of theembryos,
90 %of the hatched larvae were viable.

In the highest concentration of ~ (0.090 ppm) only 63.7 % of the
embryos were able to.hatch,in the same concentration ·of ~ hatching
success was 73.2 ~~. The same differences were found in the
proportion of viable larvae.

Rates of malfol~ed embryos and rnalformed larvae were relatively
high thus indicating a somewhat greater susceptibility compared to
that of cod embryos.

.. "Again DDE was less effective than DDT applied in the same eoneen
tration,and effects caused by combinations of the pesticides were
higher than additive (Fig. 6).

A remarcable finding was the influence of the pesticides on the
length of larvacduring the time "of maximum hatch (table 1).

Larvae reared in DDT ware shorter with inereasing eoneentrations,
larvae reared in DDE and in combinations of DDT and DDE wereup
to 0.2 mrn longer than eontrollarvae.
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Hatchinu rates in the controls were 85.0·%, and the percentage of
vinble larvae was vo.ry high 93.6 ?~ (Fig. 7).
Hatching success was reduced by 0.0413 ppm DDT and DDE to 62 % (DDT)
and 72.3 % (DDE).
Malformation rates of hatehed larvae werevery low, in no eoneen
tration exeeeding 3.5 5~and eorresponding.to that the pereentages
of viable larvae were higher than in the preeeeding experiments.
Thia finding is indicating that embryos of plaiee were less
suseeptible than those of cod and flounder.

DDE was again loss offcctive than DDT (Fig. 8), but in this
e,tpcrimcnt the effe'ets of eombinations of thc' pestieides did not •
differ from the cxpected additive effccts.

CONCLUSIONS

Variations of rcsults in the 3 .replieatcs were 2 - 3 %(variation
cocffecients) in low concentrations (0.0095) and eontrols and near
to 5.0 ~ in higher eoneentrations (0.090ppm).

The solvent (Polyethyleneglycol 200) d~ not have any signifieant
influenee on hatching rates and viable hateh.

There was no significant linear correlationbetween hatehing sueeess
and nurnbers of embryos in the incubation jars at the different
concentrations tested.

The results on thc effects of DDT on embryogenesis of the species •
tested are in good agreement with those given carlier (DETHLEFSEN
1974,1975).

In most of thc parameters testcd the effects causcd by both pestici
des wcre very similar, and with very few exccptions DDE was less
effective than DDT.

This finding i6 not unexpected when comparing the toxicity data
which are available from thc literature (MUIRlffiAD-THOMSON, 1971;
I~LSTEAD, 1970; JOHNSON, 1968).
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Embryos of the species .tested showed differences in the response
to the. exposition of the pesticides.

Flounder turncdout t6 bc thc most susceptible species followed
by cod and plaice, but differenc~sin the susceptibility of cod
and plaice were notvery marked.

,Thisfinding cor~elates with the size of the eggs and the thickness
cf chorion of thc·three species, cggs of flounder being smallest
:(Th~cknesscf chorion 1.81U, L.0NNING and SOLEMDAL, 1971), and those
of plaice having a thicker chorion (POMNERAlIZ, 1972). The chorion
seemsto protect embryos from the pesticide impact, because embryos

"were less susceptible than newly hatched larvae.

•

•

. .
WESTERMHAGENand DETHLEFSEN (1975); WESTERNHAGEN et ale (1974) and

',. ..
\iESTERNIUGEN et ale (1975) hadsimilar results when investigating
the influence of cadmium on embryos of marine teleosts.

The interpretation of qu.aIi tive differences of the. effects of DDT
and DDE on hatching time, duration of hatching period snd ·total
Iength of Iarvae at hatching .may bc facilitated by the following
model (Fig. 9).
If one assumest hat hatching of larvae of marine teleosts 1s
initiatedbya deficiancy ofoxygen de~and of embryos and oxygen
pressure of the ambient wateT (neuro-humoral-reflex,. HAMDORF,1961)
one could expect that due to individual tolerances (I in Fig. 9)
some embryos are hatching earlier than others.

These embryos are smaller than those hatching Iater (ALDERDICE and
FORRESTER, 1968, 1971 a, bj ROSENTHAL, 1971). .
Thc increase of the intensity of metablosm of normal embryos (A 1 in
Fig~ 9) as measured by HOLLIDAY et ale (1964); STELZER et ale (1971)
and BRAUM (1973) 'is proportional to tbe biomass of embryonie material
'(A1 ~ A

2
in Fig. 9).

If .thc rnetabo;1ism of' embryos is affected by DDT i t is probable tbat
they grow slower and hatch Iater (B1) than controllarvae.

Major physiological effect of DDT is depression of ATPase activity'
(MEHRLE et al., 1971; CUTKOMP et al., 1971), the resynthesis of ATP
from ADP.reprcscnts one of thc most important energy producing
processes in rnetabolism •.
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If thc oxygen demand of these embryos is intensified in relation
to their size (B2 ) then they would,be smaller at the time of
hatching. Du~ationof the hatching per iod would be prolonged.

If exposed embryos grow faster than controls they would hatch
earlier (C,) and if their metabolism i~ depressed in relation
to their biomass, like possibly under the influence of DDE, than
they would be longer at the timeof' hatching.
Thc'duration of the hatc?ing period would than be shortened.

This model 1s rather hypothctic ,bccause no informationis
available ,on the influence of pesticidcs onthe intensity of
metabolism of embryos of marine teleosts. •SUMMARY

Artificially fertilized embryos of cod (Gadus morhua), flounder
(Platichthys flcsus) andplaice (Pleuronectes platessa) were
exposed ,to different concentrations of DDT, DDE and combinations
of DDT and' DDE.

DDT affected the hatching success, thepercentages of malformed
embryos and'larvae, thc viable hateh, the time of hatching and
the duration of the hatching period.

In most of the parameters,tested DDE was less effective than DDT
applied in the same concentration.

Larvae reared in DDT were smallcr than controls at the time of ..
hatching and the duration of the hatching period was prolonged.

When larvae were reared in DDE their total length at the time of
maximum hatch was up to 0.2 mm longer than,that of control larvae,
the hatching period was aompressed.

Combinations of thc two pesticidcs gavc higher than the expected
additive effects.

Embryos of flounder turncd out to bc thc most susceptible followed
by those of cod and plaice.

Technical assistance of T." Hudtwalcker, E. Ropers and G. Villa-Ruiz
1s gratefully acknowledged.
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Table 1: Platichthys flesus, total length of larvae at the time
of maximum hatch"larvae were reared in different
concentrations of DDT,DDEand combinations of DDT and DDE.

x = mean, Sx = standard deviation,

Sx = error of the mean.

poncentra'tion ,x Sx: si n

I K 2.49 + 0.28 I 0.036 60

I K + PÄG I 2.50 + 0.11 I 0.014 I 60
I-------------T-~------------~-----------~---------
: 0.0095 I 2~49 ± 0.13 : 0.020 : 40
mDT 0.0413 : 2.48 + 0.12 ~ 0.016 : 60
I I - I I '
I 0.090 I 2.42 + 0.13 I 0.017 I 60 '
I--------------+--------------~-----------~---------I • I I I
~ 0.0095 I 2.58± 0.14 I 0.018 : 60
IDDT o. 04 13 : 2.60 + O. 11 I O. 01 4 : 60
I I - I I
I 0.090 I 2.59 + 0.11 I 0.014 I 60I L ~ L _

I I I I

tDDT 0.0095 : 2.62 + 0.12 : 0.016 I 60
I I I I
1+ 0.0413 I 2.57 + 0.12 I 0.025 I 23
I I I I

:nDE 0.090 : 2.69 + 0.12 : 0.016 I 60
I I I I
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Fig. 8: Pleuronectes platessa, DDT + ?DE
Hatchin~ rate and vlable hatch (in percent of initial
embryo number) in different concentrations (medium
effective) of DDT, DDE and combinations of DD~ und DDE



Fig. 9: Model on the relations between intensity of metabolism,
total length of larvae at hatching time, and oxygen
demand of normal and intoxicated embryos.
i = individual tolerances of metabolism. Duration of
hatching period with normal growth of embryos (hn)
with retarded grovrth (hr) and faster growth (hi)

faster growth
biomass ~metabolism

normal growth
biomass =metabolism

-
retarded growth

biomass ce metabolism

critical 0Z-pressure

deviaton of metabolism
caused by noxious material

i beginning of hatchin~
o

~ end of hatching

time of development
hrhn

Cl Al (=A2) . 82

~.%-_--:ar----::lI'.e-_-::.:..-------......-------_. .,.-~-~~ifi~'$~RiW~~jj~~ ~! .

hf

..


