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INTRODUCTION

Information on the acute toxicity of DDT on embryos of cod, Gadus
morhua; flounder, Platichthys flesus; and plaice, Pleuronectesg
platessa, was given by DETHLEFSEN (1974). |

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

The aim of this survey was to investigate the toxic action of two
closely related pesticides, DDE being a'metabolite'of DDT, to
compairitheir toxioity and to gather information on the toxic .
action of combinations of the two pesticides,

In addition to that information was needed on specieg specific
differences in the response of marlne teleost embryos to pestlclde—
"intoxication.

MATERIAL AND METHODS . |

Spawning fishes were caught by R.V. "Anton Dohrn" and the
_spawning products were obtained by(strippiﬁg, fertilization was
carried out in plastic containers without water,
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20 min. after fertillzatlon allquots of egg-spermatozoa mlxtures
were pipetted into temperated (8° c cod and plaice, 6°C flounder)

. DDT and DDE-spiked glass contalners with 300 ml of carefully

flltered seawater.

Aeration through plastlc plpette -tips. with Coz-free compressed
air guaranteed fairly equal bubble size and. resulted in complete

"but soft circulation of the eggs in the containers.

Salinity (* 0. 1°/00 S) oxygen (X 0.2 mg/l), PH (o, 2) and tempe-
ratures (- O. 1°C) were controlled in regular intervals, always
representlnn optimum conditlons.

Due to low natural solublllty of DDT and DDE in seawater which :
is 37 ppb at 25°C (BABERS, 1955) and 5.9 ppb at 2°C (BOWMAN et al., ®
1960) it was necessary to- dissolve the pestieides in an organic

solvent (Polyethyleneglyeol 200) prlor to addition to 1ncubat10n,

jars.

'Three replicates per concentration (controls,. sclvent-controls

and concentrations) were used.

Test media were renewed 'in 24 hours 1ntervals by plpettlng the
embryos into freshly prepared_test solutions.

‘Pesticide concentrations in the test-containers were measured in

parallel experiments using hexane-extraction followed by electron-
capture gas—11qu1d~chromatography.

Incubation jars were controlled daily in order to count and remove
dead and malformed enbryos. Hatched larvae were sampled in 12 hours
intervals and it was~distinguished between viable, malformed, and
dead larvae. Total length of larvae was measured after narcotization
with MS 222, '

RESULTS

Concentratlons of DDT and DDE decreased in the 24 hours 1ntervals
1nvestlgated (Plg. 1). No dlfferences in the behaviour of DDT and
DDE could be detected although it is known that DDE has a somewhat
higher vapour pressure than DDT (GOLDBERG, 1975; MAIER-BODE, 1964).
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The coneentrations"of pesticides found immediately after mixing
into seawater depended on the_startingeconcentration. Due to
~high initial losses at high starting concentrations the recoverx
rates of the pesticides measurable 10 min. after mixing were high
at low etarting concentraticns and lower at higher starting '
concentrations (Fig. 1). : ‘

The decrease of the concentrations of pesticides also depended on
the starting concentrations.

Relatively high losses caused by adsorption on the surfaces of

the 1ncubation Jars and by losses due to codistillation processes -

lead to rapid decrease of pesticide concentrations in low starting

concentrations. Decreases found for higher starting concentrations
‘ were less rapid. | » | o

These findings are in good agreemcnt:with results of BOWMAN et al.
(1959, 1960), ACRE et al. (1963) and SPDERGREN (1971).

In order to give uniform concentrations for 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 lower the 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 loss was lower and'the

‘ mediums effective concentration increased. When starting concen-
trations were higher than O. 25 ppm DDT or DDE the medium effective
concentrationo were found to decrease again., This finding can be
explained by the fact that the pest101des are not dissolved in the
seawater, they are suspended and precipitation from this suspen51on
must be higher the higher the starting concentrations are.

In the follow1ng pest101de concentratione are always given as: medium
effective concentrations. '



Cod Gadus morhua

Results depicted in Plg. 3 were obtalned in the pPriod from-
fertilization until hatching. The hatchlng_success in the controls
was 85.5 % of the initial number of embryos. Malformation rates in
controls.weref1.5~— 2.2 % embryos and the percentage of;viableahatch
was 97.5 % of the hatched larvae. :

Only 70,0 %' of - the embryos incubated in 0,0413 ppm DDT were ablev
to hatch 80 % of those were viable, ' '

When embryos were incubated in 0,090 ppm DDT, hatching success
was lowered to 50.4 <%, and viable hatch to 54.4 % of the larvae.

76.8 % embryoo 1ncubated in O 0413 ppm DDE were able to hatch and
92,0 % of the hatched larvae were viable, » . _ ‘

Fromn thev65.2 %.hatched embryos in‘0.090‘ppm«DDE 64.8ﬂ% Were viable.

Qualitative differences in the action of the pest101des were only
found 1n the paraweter hatching time.

Corresponding to the results glven in 1974 DDT caused a- delay of
hatching time compared to that of controls, the h&atching period was
prolonged from 5 days of controls to 7 to 8 days in 0.090 ppm DDT,

DDE caused an earlier hatching of the larvae, in 0,090 ppm DDT

maximumnhatchfoccurraiat the second day of the hatching period,

_in the controls maximum hatch was found at the third day of the-
hatchlng period. ' ‘

Duration of hatching period was shortened under the influence of DDE. ‘

In 0.0095 ppm DDT plus 0.0095 ppm DDE 60, 2% of the embryos were able
to hateh 75.6 % of the larvae being viable but only 38.1 % hatched
in 0.090" npm DDT Eluq 0.090 ppm DDE, 12.2 % were v1ab1e.

In order to fa0111tate comparison of the toxic actlon of the
pesticides applled separate or in comblnatlon the correlation
between concentrations of pest1c1des ‘and hatchlng-success and
malformation rates is given in Fig. 4. ‘ L

‘Prom this figure it can be“seen that DDE is less téxickthan DDT
applied in the same concentrations (approx. 40 % less).



-5=

Combinations of both pesticides are more toxic than separately
applied pesticides in- comparable concentrations.

This finding is confirmed by most of the other parameters tested i.e.
‘rates of malformed embryos, daily coarse of mortalities of
embryos ete. ' ‘

Results of the experiments on flounder embryos are depicted in
Flg. D ‘

Again the period from fertilization until hatching is. covered. No
major differences to‘the findings of the,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 the embryos,
90 % of the hatched larvae were viable. ' '

In the highest concentration of DDT (0.090 ppm) only 63 7 % of the
embryos were able to. hatch, in the same concentration of DDE hatching
success was 73.2 %,'The,same differences were found in the

proportion of viable larvae, |

Rates of malformed embryos and malformed larvae were reiatively
high thus indicating a somewhat greater susceptibility compared to
that of cod embryos.;

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

A remarcable finding was the influence of the pesticides on theV
length of larvae during the time of maximum hatch (table 1).

Larvae reared in DDT were shorter.w1th 1ncrea51ng concentrations,
larvae reared in DIE and in combinations of DDT and DDE were up
to 0.2 mm longer than controllarvae.
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Plaice, Pleuroncctes piatessa |

Hatching rates in the controls were 85, 0% i and the percentage of
viable larvae was very hlgh 93, 6 5 (Pig. 7)
Hatching success was reduced by 0.0413 ppm DDT and DDE to 62 % (DDT)
and 72 %3 % (DDE).,

» Malformation rates of hatched larvae were very low, in no concen-
tration eyceedlng 3.5 % and corre8pond1ng to that the percentages
of viable larvae were higher than in the preceeding experiments.
This finding is indicating that embryos of plaice were less
susceptlble than those of cod and flounder.

DDE wau again less effectlve than DDT (Flg. 8), but in thls ‘
eXperlment the effects of comblnatlons of the- pest1c1des d1d not .
differ from the OXpected additive effects,

CONCLUSIONS

_Variations of results in the 3 replicates were 2 - 3 % (variation
coeffecients) in low concentrations (0.0095) and controls and near
to 5.0 ¢% in higher concentrations (0.090 ppm).

The solvent (Polyethyleneglycol 200) d¥l not have any 81gn1flcant
influence on hatching rates and viable hatch,

There was no significant linear correlation between hatching success
and numbers of epbryos  in the incubation jars at the different
concentratlono tested, ‘ »

The re.,ult on the effects of DDT on embryogenesis of the Speeies .
tested are in good agreement with those glven earlier (DETHLEFSEN
1974,1975).

In most of the parameters tested the effects caused by beth pestici-~
des were very similar, and with very few exceptions DDE was less
effective than DDT.

This finding is not unexpected when comparing the toxicity data

which are available from the literature (MUIRHEAD-THOMSON, 1971;
HALSTEAD, 1970; JOHNSON, 1968).
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Enbryos of the spec1es tested showed dlfferenees 1n the response
to the exposition of the pesticides,

. Flounder turned out to be ‘the mOut susceptible species followed
by cod and plalce, but differences ‘in the susceptibillty of cod
and plaice were not very marked. "

This finding correlates with the size of the eggs and the thickness
of chorion of the‘threexspecies, eggs of flounder being smallest ‘
‘(Thickness of chorion 1.8 m, LPNNING and SOLEMDAL, 1971), and those
.of plaice having a thicker chorion ( POMMERANZ, 1972). The chorion
seems to protect embryos from the pesticide’ 1mpact because embryos

' were less susceptible than newly hatched larvae.

WESTERMHAGEN and DETHLEFSEN (1975), WESTERNHAGEN et‘al (1974) and
WESTERNHAGDN et al. (1975) had s1m11ar results when investlgatlng
the influence of cadmium‘on embryo of marine teleosts,

The interpretation of qualitive differences of the effects of DDT
‘and DDE on hatching time, duration of hatching period and total
length of larvae at hatchlng .may be. facilitated by the follow1ng
model (Fig. 9). ‘ .

If one assumest hat hatching of larvae of marine teleosts is
inltlated by a deflciancy of oxygen demand of embryos and oxygen

- pressure of the ambient water (neuro-humoral—reflex, HAMDORF,1961)
one could expect that due to individual tolerances (I in Pig. 9)
some embryos are hatohlng earller than others. .

These embryos are smaller than those hatchlnp later (ALDERDICE and
FORRESTER, 1968, 1971 a, b; ROSENTHAL, 1971) -

The increase of the intensity of metablosm of normal embryos (A 1 in
Fig. 9) as measured by HOLLIDAY et al. (1964); STELZER et al. (1971)
and BRAUM (1973) ‘is proportional to the blomass of embryonlc material
'(A1 2 A, in Fig. 9).

If the metabollsm of "embryos is affected by DDoT 1t is probable that
they grow slower and hatch later (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 represcents one of the most 1mportant energy producing .
processes in metabolism. - ‘
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If the oxygen demand of these embryos is intensified in relation
1o their size (Bz) then they would be smaller at the time of
hatchin Duration of the hatching perlod would be prolonged

If eXposed embryog grow faster than controls they would hatch
earlier (C ) and if their ‘metabolism is depressed in relation

to their blomaos, like possibly under the influence of DDL, than '
they would be longer at the time of hatchlng.‘

The duratlon of the hatchlng perlod would than be shortened.

This model is rather hypothetic because no information is
available .on the influence of pesticides on the intensity of
metabolism of embryos of marine teleosts..

. SUMMARY

Artificially fertilized embryos of cod (Gadus morhua), flounder
(Platichthys flesus) and plaice (Pleuronectes platessa) were
expoged to different concentrations of DDT, DDE and combinations
of DDT and DIE.

DDT affected the hatching success, the percentagee of malformed
embryos and- larvae, the viable hatch, the time of hatchlng and
the duration of the hatchlng perlod

In nost of the parameters tested DDE was less effectlve than DDT
applied in the same concentratlon.

Larvae reared in DDT were‘smaller 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 compressed.

Comblnations of the two pesticides gave hlgher than the expected
additive effects. ‘ ‘

"Embryos of flounder turned out to be the most susceptible followed
by those of cod and plaice. ' \

Technical assistance of T. Hudtwalcker, E. ROpers and G. Villa-Ruiz
is gratefully acknowledged.
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Table 1: Platichthys flesus, total length of 1arvae at the time
- 01 maximum hatch, 1arvae were reared in different
concentrations of DDT, DDE and combinations of DDT and DDE.

X = nean, SX = standard deviatlon,

SX = error of the mean.

’%pncentration oz Sx ; S3 E’ n

lg 2,49 + 0,28 | 0,036 | 60

| K+ PEG______ 1250+ 0,11 1 __0.014 1 60 ____|
b 0.0095 | 2.49 + 0.13 ] 0,020 | 40 ®
.:DDT 0.0413 5 2.48 + 0.12 | 0.016 E 60
E____Q:QQQ__-_T%_E:ig_i_gzlé--%___9:912--_%__§9 ..... i
I 0.0095 | 2.,58+0.14 ! o0.018 ! 60

DDT 0.0413 | 2.60 £ 0.11 1 0.014 | 60
!____9:929 _____ %_gzég_i_9:11--%_--9:91&---%-_§9 ......
IDDT 0.0095 | 2.62 + 0,12 | 0,016 | 60

{+ 0.0413 12,57 +0.12 | 0.025 | 23

iDDE 0.090 } 2.69 + 0.12 } 0,016 | 60



Aydeagojeuoayo pInbIT-sed Aq paanseaur

‘0.8 ‘z ‘g Hd ‘g 00/, ¢*GE ‘I83BMERS DIJARTIT
woo m0m ‘uotgeJad® paosmﬁa puR U3TM ‘sanoy fz ut
: (uoTqea3ULOUOD TRTIFTUT JO %)

1004

\ . — ——rT
sael uoIzeqnout Ul SAC PUE JOAC JO SUOTIBJIZUIOUOD 3. °LTE
] <
i ~o —
g
ok - &
D .
@ o
. N
B
. { ©
..m
: £
[
.l S o«
4 88 .
m o = ﬁvl
3 &
o
o °
o
Ko
(&) ) I ©
14}
-0 .
oy - .
R E L
£ L
b]
v
W o~
o 8 &8 8 8 8 8 8 8 ® =
(o]
g D
(o} « )
oy [ - -*Q m -
+ @ & ) "0 —
] 4+ ~
5o B E
a m T. Q K
Kol S L «
A P o ._.m ]
= - = s =
L~ . L
o WMTE L © o (. ©
O q = e} Q 3
A S 8% et om
.WG” e = o m x m o = ﬁu
12 - & - ﬁo.
o ] =~
o 0 |
. L © ©
o S~ 2
o] (@]
[} on f’ C - } ©
£ .
t) & bp . E
= .M. » © £ ] ©
7 8 R |
s S ,
9 -~ 5 “
+ 4
0 o L o ) " x5
» ° : (-]
$ § & 8§ § § 8 § ¢ S TS S T s S
< v e -~ o - L3 N 0 w w Rl m -~

UOTIBIFJUIOUOD FUTRJIELS JO ¢ UT 938d AJI2A009J

-CL -




medium effective concentration (aa h)
in % of starting concentration

N ' Qo
8§ 85 8 8 8 38

1 A

G200 0100

ol

7/

10g wdd ok0¢s] 0

30d

Fig. 2: Correlation between initial concentration of DDT
and DDE and the mediunm effevtlvc concentratlon in %
1n1t1tal concent*atlon »



3

SUOT3RJILUIOUOD

AT109JI® WNTPOW S2 USATE ‘IO PUB JGO IO UOTIBUTJUOD
pue I0C ‘I00 JO SUOTIBJIZUSOUOD JUIJISIITIL UT pPaJeaJ
f{aeadeT pPaUO3BU STOSTA PUB PEap ‘paudoITew pue

‘soiaquae FUTATAJINS DPUBR PBAP ‘DOWJIOITEW ¢TEUWJIOU JO safejusododad

Gadus morhua

K DDT+ DDE

%o

d0d + I0Q ‘enugouw snpen ¢ *STJ
o T
r~{ M.,m M@W
.»m ﬁu_ () £y
wv“ ey ot = :O_ 0
" nw _‘,M & wnnm 5 o
o s £ o g o & 1
n & "V % = e
£ £y ENS
£ o o
5 O 8 =B - O O =m S
S
Bh0
(¢,
S Q
LS
it 5
S 3
S S
w
3 S
S S
o
(o)}
S
=
o Ly
M Q
S 9
wn
o
S
S
b=
o )
(S
>
SE
-
N Q
S
S Q
n
S
S
0I
O
X '
Q
+
X
I~ S S ) o S o )
mm © @ s N mm © © ~ N
- ( ' -




e 10 -

-0
Loot

»

100

enyiow snpeo .

9jed Furtudley

- 300+100 ¥

300 ==~
100 o—o

!

!

*.
OO
©.0
m

300°100 wdd 600 900 Lo 900 500 s00 €00 200

JOd+10q e-—-e

?
l

¢
9
Qo
\‘
+

S
m

300+100 X

Fig. 4: Gadus morhua, DDI' + DDE
 liatchinz rate and viable hatch (in percent of initial
embryo number) in different concentrations (mediun
effective) of DDT, DDE and combinations of DDI' and DDE




SUO0T3eJIUI0UCD

SATA09IJO uUMTpaW Se USATSE ‘mQg pue T00 O co,.ﬁp,m.ﬁemoo
.Uﬁm Fqa ‘TAQ FJO SUOTFEBJIJUSOUOD AUOIB8TII TP ﬁm Umcﬁ.w&
{9BAJRT PaUQ3eBY STQqETA pue peap ¢ pouwlIoITEW vSm, S0AJIQUD
YUTATAJINS pue pedp ‘pauloyTeu ¢TRULIOU JO S95e3lU80J3d

qq0 + 100 ‘SMSeTF SAuaudtFeld ¢ 9L
@
= ¥
3 © = i
o ® ~ %
= ) .
H ¥ v e B o = ® n‘“
W @ g & - 0
o - {0 g + (@] 0 o
210 3 Lo oW o O] o ::ﬁ o
> g SR S P SR A 7
< Q e o # o e [ %, 9 =
- + m..a. “ 2 r . wA j g
Samt E M S
© _
< 2 L OO = s
Q QQ
Q uw
S
SRS
22
S 3
S S
wn
3 3
w S
SRS
(@)
by 2
o) =
ol
2 2
o S
o S Q
L %
- S
o S
+ S
5 o
S
o i
o
o i
~
B S
N 38
ol
r~| %
g
o w:
o
-1 PAU
g :
0] X on
~
G-
X
¥ X ¥ ' T T T T
e S 2 2 Q o ) o o S
S ML o 5 MR SN N S o © S N
=5 -




F DDTr DDE 1

Platichthys flesus

HAa pue 1ad
wnypou)
TeT3TUT JO

JO SUOTIBUTqWOD pUe FUd ‘ICQ IO (oAT1308IId
SUOTFRJIIUSOUOD JUSISTIITP UT (JIS9QUAU 0AIQUD
jusdJged UT) Yozey 9TQETA DPUB ©38I LUTYOREH

FAC + JOQ ‘SNSe1] SAULUOTALIG 9
W
Q a
Q Q
+ +
~ ly ~ ~
QqQQ Q M 3
QQqQ QQQq
r e e
]
_ ' _ )
I I
i [
- o
e ' P -
8.
[\
i
[ OH o -
o
e
R
3} B 2
P
o
o
0-. T T J1 L 4 L
S

009 ppm DODT, DDE

BT

= DDT+ DDE

Q01 002 Q03 Q04 Q05 Q06 007 008

K




SUOT3BJIIUSOUOD

9ATI08II8 UMIpowW Se USATH ‘IO pue J0O JO UOT]BUTAWOD

! puB Had ‘I FO SUOTFBJIFUDOUOD JUBJISIITD UT roJesaJa
«dBAJBT PAYDIRY STQeBTA pPUR pPedp ‘poudoflewl pue ‘solaqus
JUTATAJINS PUB DPBIp ‘paudoj[euw ‘TeuJou JO s8deiusduag

J0a + Qg ‘eSsejeTd sajzdauoJdnalgd

o

b
',’-i
1y

I

Pleuronectes platessa

1 hatching

tilization unti

:V'
rex

on

E D &
1Y

%o

S 0DDT+ DDE

embryos

normal

O

o

w3

Laryvyae

ble

via

O

malformed

0

100

80-

o1

80

60

40-

20-

~
e,
1S
5 3
Q Q
a O
0’ 0/
L7 T )
m o
4
S o
S O
m m
QS S
(o))
Ol
Q)
™
3
S e
P2
D
S
S
o)
0l
[
mw_l
Q
& Q
wn
S
S
O
B
=0
-+
X




- 20 _

% eggs

Pleuronectes platessa S DDT+DDE

hatchine rate o——o0 DDT
_— ~ DDE
e LTI —+ 0-——-0DDT+DDE
-—--e

viable hatch
x— . — - DDE
o——---9DDT-DDE

. v - .

Qo1 Qo2 003 004 005 Q06 007 Q08 009 ppm DDT, DDE
‘ 3 DOT+DDE

I
Ly

Fig. 8: Pleuronectes nlatessa, DDT + DD

initial

t concentrations (medium
combinations of DY

able hatch (in vercent o:

rate and vi

and DDE

o
AL

tching
embrvo number) in differen
effective) of DDT, DDE and

na



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 embrvos (hn) ‘ f
with retarded growth (hr) and faster growth (hf) o
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