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The firs t studies on th e  ch lorinated  hydrocarbon pollution in  L ake 
B alaton  (B a k o n  e t ah, 1967; P o n y i  e t ah, 1968) were based on th in -layer 
chrom atographic m easurem ents sum m arizing th e  results o f so m any analyses 
th a t, even today , the  g reat fish kill in  1965 can be ascribed to  chlorinated 
hydrocarbon pollution. The results are supported  by  th e  p robab ility  o f these 
pesticides being accum ulated  in th e  food-chain. The au thors m entioned above 
found  y-HCH, D D T an d  th e ir decom position products in  fishes, p lank ton  
crustaceans an d  molluscs.

Investigations w ith  gas chrom atograph have been carried o u t a t  th e  firs t 
by  F e l f ö l d y  an d  T ó t h  (1967), when y-HCH, aldrin , dieldrin and  DD T could 
be located in  fishes. P i n k o l a  an d  T ó t h  (1971) s ta ted  th e ir presence in  th e  
w ater and  w ater weeds. In  th e ir exp lo rato ry  s tu d y  C z e g l é d i - J a n k ó  e t al. 
(1973) repo rted  on th e  occurrence o f 2.4-D (D ikonirt), in  addition  to  th e  
y-HCH, DD T and  th e ir m etabolites, in  L ake B alaton.

W hen collating th e  lite rary  d a ta  th e  followings become evident:
1. D espite th e  fact th a t  D D T an d  its  decom position products have been 

decreasing since th e  fish kill in 1965, th ey  are still p resen t in  th e  lake.
2. y-HCH was also found in  significant quan tity .
The aim  o f our studies was to  gain fu rth e r inform ations on th e  con­

centration  of y-HCH, D D T and  th e ir decom position products in  th e  lake and  
in  aquatic  organisms. W e were going to  find  explanation  to  th e  followings:

1. The degree of chlorinated  hydrocarbon pollution in different members 
o f th e  food-chain (algae, zooplankton, non-predato ry  and  p redato ry  fishes).

2. W hether or n o t th e  tw o w ater areas of diverging quality  differ in th e  
chlorinated  hydrocarbon content.

3. The degree o f chlorinated  hydrocarbon pollution of R iver Zala and  
its  effect on the  lake.

Dates and localities of collecting, materials and methods

Samples were tak en  along tw o stan d ard  transversal sections of Lake 
B alaton  (A and  M), a t  th e  in let of R iver Z ala an d  10 km  upw ards in th e  river 
itself ( Fig. 1). The selection of these sites was ind icated  by  previous investiga-
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tions (Ponyi e t al., 1972; Ponyi and  P.-Zánkai, 1972; Ponyi, 1975). Owing 
to  th e  fact th a t  section M is influenced by  th e  inflowing w aters in  a  rem arkable 
degree and  section A only to  some ex ten t, th e  quality  of th e  tw o w ater areas 
differs very  much. A t th e  same da te  of th e  investigations th e  tw o sections 
w ere characterized by  th e  following differences:

section.
M

section
A

Organic carbon content (mg/I) 6.42 5.36
Chemical 0 2 consumption (mg/1) 4.94 3.80
Total P  (mg/m3) 86.60 51.50
B acterium  (cellsX 10s/ml) 4.70 3.50
Algae (individual num ber X l0 5/1) 4.90 1.40
R otatoria  (fig wet weight/1) 
P lanctonic Crustacea

24.00 42.00

(fig d ry  weight biomass/1) 99.00 69.00

A t the  sam pling places w ater, phy top lank ton , p lank ton  Crustacea, w hite 
grass-carp (Hypophtalamichthys molitrix), carp (Cyprinus carpio) and  pike- 
perch  (Stizostedion lucioperca) were collected in  th e  following m onths:

D ate of sampling w ater fish plankton

April 1973 + _ _
June — + —
Ju ly — + +
October + +

F ig . 1. S am pling  p laces in  L ake B a la to n



193

T he phy top lank ton  and  th e  p lanktonic crustaceans were filtered  w ith  sam pling 
n e ts  No. 25 an d  6.

The degree of y-HCH, DDT, D D E  and  DD D  pollu tion was exam ined 
in all samples.

W ater sam ple o f 4000 ml was ex trac ted  in  petro leum  e th er o f 2 X 150 ml 
(Carlo E rba , boiling po in t o f 3 0 —40°C) w ith  shaking. The petroleum  etheric 
phases were brough t together and  evaporated  w ith  anhydrous sodium  su lphate 
o f m ax. 5 g (Merck). A fte r decan tation  th e  ex trac ts  were condensed in  ro ta ry  
vacuum  concentrator of R o tad est ty p e  a t  40°C. The concentrate was purified  
on Davidow column in th e  appliance o f Czeg l é d i-J an k Ó and  Cie l e s z k y  
(1968). The purification lasted  for 1.5 hours. The purified ex tracts  were evap ­
ora ted  alm ost d ry  an d  tak en  up  in  hexane o f gas chrom atographic pu rity . 
In  th e  fish sam ples th e  degree of pollution was determ ined in th e  flesh, brain, 
liver, eggs an d  milt. The whole q u an tity  o f th e  bra in  and  liver sam ples was 
hom ogenized w ith  distilled w ater in  th e  ra tio  o f 1 : 1. 10 —10 g flesh o f each 
fish was homogenized w ith  distilled w ater of th e  sam e quan tity . The homog- 
enizates o f th e  organs an d  p lank ton  sam ples were hofilizated  in  a  final 
vacuum  of 10~2 to rr, a t  a  sublim ation tem peratu re  betw een —25 and  — 30°C 
applying an a fte r heating o f 35°C.

Since th e  rest of organs to  be determ ined were com pounds dilu ting 
easily in lipids, th e  fa t con ten t of th e  sam ples was ex trac ted  in  petroleum  e ther 
a fte r liofihzation. Of the  fa t ob tained  an d  m easured, 0.1—0.15 g was stud ied  
on. The analyses resu lted  th ree  parallel m ean values.

The exam inations were carried o u t w ith  an  in strum en t o f P ack a rd  type. 
The conditions of the  chrom atographic experim ent were as follows:

C olum n: m ad e  o f  p y rex  glass o f  180 XO.4 cm ; OV 17 a n d  Q F-1 p a r t i t iv e  liqu id  o f  1.5 p e r
cen t layered  on solid carrie r; tem p e ra tu re : 190°C. 

d e tec to r: e lec tron  cap tu re ; tr i t iu m  foil co n ten t (a c tiv ity  o f  150m C ); te m p e ra tu re : 196°C 
ca rrie r gas: n itro g en  o f  h igh  p u rity , flow  ra te  55 m l/m in u te ; vapo rizer tem p e ra tu re : 220°C.

The identification  and  qu an tita tiv e  determ ination  was carried  o u t by  m eans 
o f a  stock-solution com pounded o f reference m aterials. The solution also con­
ta in ed  X - ,  ß - ,  an d  (5-HCH. W e failed, however, to  evaluate  th e  q u an tity  of 
these substances.

Results

1. Chlorinated hydrocarbon content of water samples

The gas-chrom atographic investigations showed th e  y-H C H  pollution 
o f L ake B alaton  to  be identical a t  T ihany  an d  in th e  K eszthely  B ay  in  spring 
(35 ng/1) (Table I ) .

In  au tu m n  th e  y-HCH values decreased a t  th e  sam pling sites. In  the  
K eszthely  B ay  and  R iver Zala only 7-14 per cent, while a t  T ihany  37 per 
cen t of th e  spring values were found.

In  spring th e  D D T pollution o f th e  w ater could be denoted in  figures 
only  a t  T ihany. Owing to  its  low q u an tity , i t  could n o t be w orth ily  m easured 
a t  o ther sam phng places. In  au tu m n  i t  showed an  increase reaching a  con­
cen tra tion  of 9 ng/1 in th e  K eszthely  Bay.

13
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TA BLE I

C h lo r in a te d  h y d r o c a r b o n  p o l l u t i o n  o f  B a la to n  a n d  R i v e r  Z a la ,  1 9 7 3  
( p g  p e s t ic id e /1 0 0 0  m l  w a te r )

Site of sampling D ate of sampling y-HCH DDE DDD DDT

Tihany April 0.035 N y 0.001 0.002
Oct. 0.013 N y N y N y

Keszthely April 0.035 N y 0.002 N y
Oct. 0.005 N y N y 0.009

In le t of K iver Zala April 0.037 N y 0.002 ' N y
Oct. 0.002 N y N y 0.003

10 km  upwards in R iver Zala April 0.039 N y 0.003 N y
Oct. 0.003 N y N y 0.003

N y =  less th an  0001 ,ug/l,000 m l w ater

In  spring the  DD D  was of alm ost identical concentration all over the  
lake and  in th e  R iver Zala.

2. Chlorinated hydrocarbon content of plankton samples

P h y to p lan k to n  could be analysed only once, in  October, when th e  w ater- 
bloom was followed by  heaps of algae floating on th e  surface. In  th is period 
th e  alga concentration  was as m uch as 4.2 mg w et w eight/litres (H krodek  
an d  T a m á s , 1974; 1975). In  th e  phy top lank ton  sam ples D D T and  D D D  
were found in  th e  largest q u an tity  (Table I I ) .  Com pared to  th e  values o f 
p lanktonic C rustacea th e  q u an tity  o f y-HCH also seemed to  be significant.

T A B L E  I I

P e s t ic id e  c o n te n t  o f  th e  p h y to p la n k to n  a n d  p l a n k t o n  c r u s ta c e a n  s a m p le s  i n  tw o  
d i f fe r e n t  r e g io n s  o f  L a k e  B a la to n ,  1 9 7 3  ( m g  p e s t ic id e /1 0 0 0  g  d r y  p l a n k t o n )

Month Region y-HCH DDE DDD DDT
Fat content

%

V II. Tihany, section A 
Crustacea-plankton 0.129 0.126 0.115 0.025 5.72

V II. Keszthely, section M 
Crustacea-plankton 0.171 0.135 0.089 0.042 5.06

X. Keszthely, section M 
Crustacea-plankton 0.229 0.165 0.166 0.679 11.69

X. Keszthely, section M 
P h y to p lan k to n 0.635 0.327 3.507 4.086 4.09

The following species o f crustaceans were found in  th e  sam ples: Eudiapto- 
mus gracilis (10 individuals/litre), Cyclops vicinus (13 individuals/litre), Meso- 
cyclops leuckarti (3 individuals/litre), Daphnia cucullata (1 individual/litre) and  
Cyclops nauplii (5 individuals/litre).
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The y-HCH and  DD T co n ten t of planktonic C rustacea collected along 
th e  transversal section M in sum m er and  au tu m n  is different (Table I I ) .  
In  th e  au tum n  th e  y-HCH pollu tion was 1 — 2 tim es, while th e  D D T pollution 
16 — 17 tim es as high as i t  was in  th e  spring.

The com parison of th e  sum m er sam ples ta k e n  along sections A an d  M 
shows th a t  the  degree of pesticide pollu tion of th e  tw o areas differs to  some 
ex ten t. Reducing in to  w ater value and  regarding th e  inequality  in  th e  p lank­
to n  density, th is difference even grows (Tables 111 and  I V ) .

T A B L E  I I I
E s t i m a t e d  q u a n t i ty  o f  p l a n k t o n  i n  th e  p e r io d  o f  th e  in v e s t ig a t io n  

( i n  f ig  d r y  w e ig h tß i t r e )
(W i n b e r g , 1971; H e r o d e k  a n d  T a m á s , 1973; 1975; P o n y i , 1975)

Mouth Section
Planktonic
Crustacea Phytoplankton

Ju ly A 122 2 8 0
M 1 61 1 2 4 0

October A 69 4 2 0
M 1 8 5 8 4 0

T A B L E  IV
P e s t ic id e  p o l lu t io n  o f  p l a n k t o n  a t tw o  s a m p l i n g  a r e a s  

o f  L a k e  B a la to n  ( f ig p e s t ic id e /m 3 w a t e r )

Month Section Plankton y-HCH DDE DDD DDT

V II. A Crustacea- 0 .0 1 6 0 .0 1 5 0 .0 1 4 0 .0 0 3
V II. M Crustacea- 0 .0 2 8 0 .0 2 7 0 .0 1 4 0 .0 0 7

X . M Crustacea- 0 .0 4 2 0 .0 3 1 0 .0 3 1 0 .1 2 6
X . M Phyto- 0 .5 3 3 0 .2 7 5 2 .9 4 6 3 .4 3 2

3. Pesticide content of fish samples

Analyses of th e  different organs of w hite grass-carp (Table V)  showed 
th a t  chlorinated  hydrocarbon is p resen t in larger q u an tity  in  the  3 -f- year- 
old specimens th an  in  th e  2 year-old ones. The y-HCH, conten t of fles was 
found to  be 9 tim es higher and  of bra in  of 3 +  year-old 4 tim es higher th an  
in  case of 2 +  old specimens. The difference in  th e  concentration o f D D T was 
2.5-fold in  th e  flesh. The increased pesticide con ten t o f th e  3-f- year-old 
specimens is connected w ith  th e  changed fa t-conten t.

The pesticides found in  th e  d ifferent organs of th e  pike-perch and  carp  
differ in q u an tity  a t  th e  tw o sam pling sites (Table VI ) .  The y-HCH con ten t 
of th e  liver, eggs, m ilt and  brain  of pike-perches collected in th e  north -eastern  
basin is higher th a n  th a t  of th e  specimens from  th e  K eszthely  B ay. The 
y-HCH con ten t of these organs of carp is th e  opposite of these values, found 
to  be higher ju s t in th e  K eszthely  Bay. The d istribu tion  of DD T and  its decom ­
position products shows o ther p icture like th e  y-HCH did. The degree o f 
pollution of the  organs of fish collected a t  th e  tw o areas is nearly  th e  same.
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P e s t ic id e  c o n te n t  o f  th e  o r g a n s  o f  w h ite  g r a s s -c a r p  
( H y p o p h t h a lm ic h t h y s  m o l i t r i x )  a t  K e s z th e ly ,  J u n e  1 9 7 3  

( m g  p e s t ic id e !1 0 0 0  g  o r g a n , w e t w e ig h t)

T A B LE V

Age Organ. y-HOH DDE DDD DDT
Eat content 

%

3 + Flesh 0 .1 3 6 0 .1 6 2 0 .1 7 9 0 .1 6 5 2 4 .4 9
3 + Liver 0 .0 3 8 0 .0 5 6 0 .0 5 1 0 .0 8 6 1 3 .2 5
3 + Brain 0 .1 1 7 0 .0 4 2 0 .0 2 6 0 .0 9 9 6 .4 6
2 + Flesh 0 .0 1 5 0 .0 1 2 0 .0 3 7 0 .0 6 4 6 .8 7

2  + Liver 0 .0 2 6 0 .0 6 0 0 .0 5 8 0 .0 9 4 8 .5 2
2 + Brain 0 .0 3 1 0 .0 6 1 0 .0 3 4 0 .1 0 6 7 .2 0

T A B L E  V I

P e s t ic id e  c o n te n t  o f  th e  o r g a n s  o f  p i k e - p e r c h  a n d  c a r p  i n  tw o  r e g io n s  
o f  L a k e  B a la to n ,  J u l y  1 9 7 3  ( m g  p e s t ic id e ! 1 0 0 0  S  o r g a n , w e t w e ig h t)

Species Organ Site of sampling y-HCH DDE DDD DDT
F at-

content
%

Pike- Flesh Tihany 0 .0 1 2 0 0 .0 0 7 4 0 .0 0 2 2 0 .0 2 1 4 0 .3 7
perch Keszthely 0 .0 1 3 3 0 .0 0 5 8 0 .0 0 2 9 0 .0 1 7 4 0 .3 5

Liver Tihany 0 .0 2 6 6 0 .0 8 2 8 0 .0 2 0 8 0 .0 2 3 2 1 .1 1
Keszthely 0 .0 1 5 7 0 .0 6 7 2 0 .0 4 0 0 0 .0 3 4 6 1 .5 6

Milt and Tihany 0 .0 1 3 1 0 .0 0 7 6 0 .0 0 3 3 0 .0 2 6 0 1 .6 0
eggs Keszthely 0 .0 0 7 2 0 .0 1 0 4 0 .0 0 3 9 0 .0 6 0 8 1 .7 1

Brain Tihany 0 .0 2 4 4 0 .1 0 7 1 0 .0 1 3 7 0 .0 2 3 5 7 .8 7
Keszthely 0 .0 0 7 8 0 .0 7 7 5 0 .0 2 0 7 0 .0 2 9 2 6 .7 3

Carp Flesh Tihany 0 .0 1 7 3 0 .0 1 6 2 0 .0 0 7 3 0 .0 2 2 6 1 .1 0
Keszthely 0 .0 1 2 9 0 .0 3 1 9 0 .0 2 1 8 0 .0 2 1 3 1 .7 0

Liver Tihany 0 .0 3 2 9 0 .0 3 6 0 0 .0 1 6 0 0 .0 1 8 6 3 .6 8
Keszthely 0 .0 8 1 9 0 .0 6 5 6 0 .0 4 4 0 0 .0 3 2 0 5 .6 3

Milt and Tihany 0 .0 1 1 3 0 .0 1 0 1 0 .0 0 4 9 0 .0 1 4 6 1 .0 4
eggs Keszthely 0 .0 1 6 5 0 .0 2 5 6 0 .0 1 9 2 0 .0 0 8 8 2 .3 4

Brain Tihany 0 .0 0 5 7 0 .0 0 7 6 0 .0 0 1 6 0 .0 0 7 8 4 .3 0
Keszthely 0 .0 2 2 8 0 .0 1 9 6 0 .0 0 9 3 0 .0 1 8 0 5 .0 5

W hen determ ining th e  ra tio  of D D T an d  its  decom position products (DDE 4- 
-|-DDD), significant differences were found in  th ree  cases (Table VI I ) .  A d if­
ference in  th e  ra tio  o f D D T /D D E  +  D D D  pollution in  th e  exam ined organs 
o f pike-perches collected in  th e  tw o areas was shown only by  th e  eggs and  m ilt. 
A t T ihany  it  was found to  be 2.4 and  a t  K eszthely  4.3. In  addition  to  th e  eggs 
an d  m ilt, th e  flesh of carp shows a sh ift like th is  in  ra tion , b u t in  an  inverse 
m anner. W hile a t  T ihany  th e  ra tio  of D D T/D D E +  DD D  equals 1, th is 
shifts to  th e  advan tage o f th e  decom position products a t  K eszthely.

Discussion

Our gas- chrom atographic results can be com pared to  o ther d a ta  on L ake 
B alaton  only restric ted ly  because, on th e  one hand, there  are only th ree  
publications describing sim ilar m ethods (comp, the  in troduction); on the  o ther
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T A B LE V II

R a t io  o f  D D T  a n d  i t s  d e c o m p o s i t io n  p r o d u c ts  f o u n d  i n  th e  o r g a n s  
o f  p i k e - p e r c h  a n d  c a r p  a t  th e  tw o  c o lle c tin g  a r e a s

C ollecting  s ta t io n
P % e-p erch  

D D T / D D E + D D D
C arp

D D T /D D E  +  D D D O rgan

Tihany 2.2 1.0 flesh
Keszthely 2.0 0.4 flesh
Tihany 0.2 0.4 liver
Keszthely 0.3 0.3 liver
Tihany 2.4 1.0 eggs and milt
Keszthely 4.3 0.2 eggs and milt
Tihany 0.2 0.8 brain
Keszthely 0.3 0.6 brain

hand, th e  com parison is h indered b y  th e  w ay o f publishing or th e  diverging 
m a tte r of th e  investigations. Com pared to  P i n k o l a ’s and  T ó t h ’s (1971) d a ta  
on 1968—69, now th e  q u an tity  o f y-HCH found in  th e  w ate r proved  to  be 
significantly  lower (Table V I I I ) .

T A B L E  V I I I
T he q u a n t i ty  o f  y - H G H  (ng llO O O  m l  w a te r )  m e a s u r e d  i n  

L a k e  B a l a t o n  a n d  R i v e r  Z a l a  i n  d i f fe r e n t  y e a r s

S am p lin g  s ite
P in k o l a  a n d  T ó t h , 1971

PÁSZTOR e t  a l.

1967 1968 1969
1973

River Zala 64 130—170 84 3—39
Keszthely Bay 8 6 30—165 150 5—35
At Tihany 12 50—170 76 13—35

Com paring th e  d a ta  i t  seems th a t  th e  q u an tity  of y-HCH m arkedly  varied  
from  year to  year. The values are higher in  spring th a n  in  au tum n. This seasonal 
fluctua tion  is s tric tly  connected to  th e  period when y-HCH is used an d  is 
w ashed b y  ra in  in to  th e  lake (October 1973 was p re tty  dry). This is supported  
by  th e  d a ta  of P i n k o l a  and  T ó t h  (1971) sta tin g  th a t  th e  high y-HCH con ten t 
m easured in  October 1968 was caused b y  th e  ra th e r ra in y  w eather.

DD T an d  its  decom position products were m easured in  all samples. 
Of course, th e  values were low, varying betw een 2 and  9 ng/litre. I t  m eans 
th a t  D D T can be still found a t  present. Owing to  th e  few d a ta  a t  our disposal, 
its  origin cann o t be determ ined. As a  m a tte r o f fact in  th e  K eszthely  B ay  
th e  q u an tity  o f D D T was found to  be th ree  tim es highes th a n  in  R iver Z ala 
a t  the  sam e tim e in au tum n.

Analysing th e  p lank ton  samples, th e  sam e ch lorinated  hydrocarbons 
were found sim ilarly in  th e  w ater. In  October th e  w ater, phy top lank ton  and  
p lank ton  crustaceans were sam pled sim ultaneously. On th is  basis th e  d is­
trib u tio n  o f y-HCH and  D D T in th e  w ater an d  in th e  p lank ters could be esti­
m ated  (Table I X ) .  Our results showed th a t  m ost o f th e  pesticides could be 
found in th e  w ater an d  th e  y-HCH and  DD T con ten t of algae was 10 to  28 
tim es higher th a n  th a t  o f th e  p lank ton  crustaceans.
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P e r c e n tu a l  d i s t r ib u t io n  o f  c h lo r in a te d  h y d r o c a r b o n  b e tw ee n  
th e  w a te r  a n d  th e  p l a n k te r s  i n  th e  K e s z th e ly  B a y ,  i n  O ctober 1 9 7 3

T A B L E  TX

y-HCH DTD

W ater 8 9 .3 7 0 .5
Phytoplankton 9 .9 2 8 .5
Planktonic Crustacea 0 .8 1.0

Com paring th e  pesticide con ten t of tw o p lank ton  C rustacea sam ples 
tak en  in  th e  K eszthely  B ay  i t  is visible th a t  i t  was higher in au tu m n  th an  in  
sum m er (Tables I I  an d  I V ) .  I t  m ay be caused by  th e  phenom enon th a t  in 
October th e  m acrophytoplankton  breaks up in to  pieces o f 10—15 p size, th u s 
becoming good for serving as food. In  th is  period m ost o f th e  w ater weeds 
o f high pesticide conten t ( P i n k o l a  and  T ó t h , 1971) do th e  sam e and  are fed on 
by  th e  cladocerans. There was no ra in  before the  sam plings giving reason for 
th e  increased pesticide level in  th e  crustaceans.

Com paring our d a ta  to  those on th e  p lanktonic C rustacea in 1967 obtained  
by  using th e  th in -layer chrom atographic m ethod ( P o n y i  e t al., 1968), i t  is 
seen th a t  a t  th e  sam e tim e an d  localities place — e.g. along section M —the 
pesticide conten t increased w ith  one order of m agnitude (Table X ) .

T A B L E  X

C o m p a r is o n  o f  th e  p e s t ic id e  c o n te n t  o f  p l a n k to n ic  C r u s ta c e a  i n  L a k e  B a la to n  
( m g  p e s t ic id e !1 0 0 0  g  d r y  p l a n k t o n )

M o n th S ite  of sam p lin g
y-H C H T o ta l  D D T

* P o n y i e t  a l. 
(1968)

PÁSZTOR e t  a l. 
1973

*PONYl a t  a l. 
(1968)

P á szto r  e t  al. 
1973

V II. A 0.200 0.129 0.730 0.266
V II. M 0.010 0.171 0.050 0.266

X. M 0.001 0.229 0.001 1.010

N o te :  * =  D ata on wet weight are calculated after W ixberg  (1971)

Of the  th ree  fish species exam ined, th e  greatest pollution of w hite grass- 
carp m ay be ascribed to  th e  re la tively  high pesticide con ten t of th e  p lank ton  
organism s (Table X I ).  I t  is known th a t  th e  w hite grass-carp feeds on phyto- 
an d  zooplankton, consequently, its pesticide u p tak e  is th e  highest. Com paring 
th e  m axim al and  m inim al q u an tity  of D D T and  its  decom position products 
found in  th e  organs of w hite grass-carp to  earlier lite rary  d a ta  (Table X I I ) ,  
i t  becomes ev ident th a t  i t  does no t decrease w ith  one order o f m agnitude as 
th e  pike-perch does (Table X I I I ) .

Com pared to  th a t  in 1966, th e  y-HCH pollu tion level o f carp liver 
increased (Table X I V ).  On th e  o ther hand, th e  y-HCH conten t o f pike-perch 
was lower th an  it  was in 1966 (Table X V ).  The difference betw een th e  degree 
of pesticide pollu tion o f th e  carp and  pike-perch is explained b y  food biology. 
To answer all questions, e.g. w hat is caused by  th e  d ifferent ra tio  o f D D T and
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T A B L E  X I

C o m p a r is o n  o f  th e  p e s t ic id e  le v e l i n  th e  f i s h e s  co llec te d  i n  th e  K e s z th e ly  B a y  
i n  J u n e ,  1 9 7 3  ( m g  p e s t ic id e /1 0 0 0  g  o rg a n , w e t w e ig h t)

Organ Species y-H C H Total DDT

2-|- white grass-carp 0.0150 0.2222
3-j- w hite grass-carp 0.1360 0.506

Flesh Carp 0.0129 0.1416
Pike-perch 0.0133 0.1418

2-f- white grass-carp 0.0260 0.2114
3-(- w hite grass-carp 0.0375 0.1930

Liver Carp 0.0819 0.1416
Pike-perch 0.0157 0.1418

2-|- w hite grass-carp 0.0309 0.2002
3-(- white grass-carp 0.1172 0.1665

Brain Carp 0.0228 0.0469
Pike-perch 0.0078 0.1274

T A B L E  X I I

M a x i m u m  a n d  m i n i m u m  v a lu e  o f  D D T  a n d  i t s  d e c o m p o s i t io n  p r o d u c ts  fo u n d  
i n  th e  o r g a n s  o f  w h ite  g r a s s -c a r p  a n d  s o m e  o th e r  s p e c ie s  i n  L a k e  B a la to n

(n u m b e r s  r o u n d e d )

Year Species Authors mg/1000 organ 
wet weight

1965 Pike-perch, carp, bream Dénes and  Cieleszky 
(cit. ap. Baron e t al.)

0
01Ö

1966 Pike-perch, carp, bream Baron e t al. 0.02—1.88

1967 Volga pike-perch, Mirror carp, 
R azor fish

F elföldy and  Tóth* 0.01—0.42

1973 W hite grass-carp P ásztor et al. 0.17—0.51

N o te :  * =  Unkown whether or no t to ta l DDT had  been determ ined

T A B L E  X I I I

L e v e l  o f  D D T  a n d  i t s  d e c o m p o s i t io n  p r o d u c ts  i n  p ik e - p e r c h  i n  d i f fe r e n t  y e a r s  
( m gjlO O O  g  o r g a n , w e t w e ig h t)

O rg an
DÉNES an d  

Cie l e s z k y  
1965

B a ro n  e t  a l. 
1966

P ásztor  e t  a l. 
1973

Flesh 0.1—0.2 0.09—1.80 0.026—0.031
Liver 0.4—8.4 0.15—1.85 0.127—0.142

its decom position products in  th e  eggs an d  m ilt of the  tw o species, should 
be clarified by  fu rth e r investigations.
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T A B LE X IV
Q u a n t i t y  o f  y - H C H  i n  th e  c a r p  in  d i f fe r e n t  y e a r s  

(m g /1 0 0 0  g  o r g a n , w e t  w e ig h ! )

O rgan
B a bo n  e t  a l. PÁSZTOR e t  a l.

1966 1973

Flesh 0 .0 1 -0 .0 3 0.013—0.017
Liver 0.01—0.03 0.033—0.082

Q u a n t i t y  o f  y - H C H  i n  th e  o r g a n s  o f  p ik e - p e r c h  
(m g /1 0 0 0  g  o r g a n , w e t w e ig h t)

Organ Babton et al. 
1966

Pásztor et al. 
1973

Flesh 0.03—0.07 0.012—0.013
Liver 0.11—0.23 0.016—0.027
Eggs and m ilt 0.05—0.25 0.007—0.013

Relying the above findings the three questions raised in the introduction 
can be answered as follows:

1. The organism s playing an  im p o rtan t role in  th e  food-chain of L ake 
B alaton  are characterized by  different levels of, pesticide pollution. C ontrary  
to  th e  p lank ton  crustaceans th e  pesticide accum ulates in  larger q u an tity  in  th e  
phy top lank ton . Consequently, th e  pollution level o f w hite grass-carp feeding 
d irectly  on algae is significantly  higher th an  th a t  o f th e  carp or pike-perch. 
Since th e  sixties th e  pesticide conten t o f carps (y-HCH) increased to  some 
ex ten t. I t  is explained by th e  accum ulation o f pesticides in  th e  alga-detritus — 
Chironomus-Dreissena —► carp food-chain. The lowest pollution level was found 
in pike-perch.

2. There is a  difference in  th e  pollu tion level betw een th e  K eszthely  B ay  
an d  th e  open w ater a t  T ihany, although th is is n o t significant. This is due to  
th e  R iver Zala d irectly  pollu ting th e  w ater in  th e  K eszthely  B ay. On th e  o ther 
hand, even th e  alga concentration is higher in  th e  bay. The q u an tity  of pesti­
cides fixed  in  th e  p lank ton  m ay increase th e  chlorinated  hydrocarbon pollu­
tion  o f w ater w ith  its  10—30 per cent.

3. Our d a ta  do n o t p o in t o u t w hether th e  y-HCH pollu tion of the  lake 
originates from  R iver Z ala alone or from  th e  o ther tribu taries, as well. This 
la tte r  suggestion m ay be supported  by  th e  fact th a t  D D T was found in  larger 
q u an tity  in  th e  lake th an  in  R iver Zala.

Sum m ary

In  1973 th e  au thors stud ied  th e  ch lorinated  hydrocarbon  pollu tion in 
tw o regions of d ifferent w a te r q ua lity  o f L ake B alaton  w ith  gas-chrom a­
tographic m ethod. A t the  collection sites w ater, sam ples o f p h y top lank ton  and  
p lank ton  crustaceans were taken , and  w hite grass-carp (  Hypophthalmichthys 
molitrix), carp (Gyprinus carpio) and  pike-perch (Stizostedion lucioperca) 
were collected. The q u an tity  of y-HCH, DDT, D D E  and  DD D  chlorinate
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hydrocarbons were exam ined in  all samples. A fte r th e  gas-chrom atographic 
analyses th e  followings could be established:

1. The y-HCH pollu tion of th e  K eszthely  B ay  an d  th e  open w ate r a t  
T ihany  was identical in  spring (35 ng/1). A t th e  in let o f R iver Zala and  in  th e  
river itse lf th is  value was som ew hat higher (37 an d  39 ng/1). In  au tum n  th e ir 
q u an tity  decreased a t  each of th e  sam pling sites.

2. In  spring th e  D D D  concentration was d is trib u ted  evenly in th e  lake 
(1.4—1.7 ng/1), however, i t  was higher in  R iver Zala (3.2 ng/1). In  th is season, 
except th e  surroundings of T ihany  (2.1 ng/1), D D T was found only in  very  low 
values (less th a n  1 ng/1) w ith  some increase in  au tum n  and  am ounting to
8.5 ng/1 in  th e  K eszthely  Bay.

3. In  th e  K eszthely  B ay  th e  au tu m n  p h y top lank ton  sam ples contai­
ning D D T (4.086 mg/kg d ry  weight) an d  DD D  (3.507 mg/kg d ry  weight) were 
in  th e  largest q u an tity . R egarding th e  ac tua l alga concentrations a t  th e  sam ­
pling sites th is  equals to  7.2 yg/m 3 pesticide fixed  in  th e  p lankton.

4. The ch lorinated  hydrocarbon con ten t o f p lank ton  crustaceans shows 
differences especially in  th e  sum m er an d  au tu m n  sam ples (0.437 and  1.239 mg/ 
kg d ry  weight). In  th e  au tum n  sam ples th e  value of y-HCH was found  to  be 
1.3—1.8 tim es higher th a n  th a t  o f D D T being 16—27 tim es higher th a n  in 
sum m er. R egarding th e  ac tua l concentration o f p lan k to n  crustaceans a t  th e  
sam pling sites, th is  equals to  0.05—0.23 yg/m 3 pesticide fixed  in  them .

5. In  th e  specimens of th e  3 +  year-old w hite grass-carps th e  chlorinated  
hydrocarbon was found in significantly  larger quantities th an  in  th e  2 +  year- 
old ones. Exam ining th e  pollu tion o f w hite grass-carp i t  was no ted  th a t  th e  
flesh of th e  3-f- year-old specimens contained 9 tim es (0.136 mg/kg), and  th e ir  
b ra in  4 tim es (0.117 mg/kg) as m uch y-HCH as th e  2-f- year-old ones. As 
regards DDT, i t  was presen t in  2.5 tim es larger q u an tity  (0.506 mg/kg) in  th e  
flesh of th e  3 +  year-old specimens.

6. The pesticide pollu tion (mg/kg organ, w et weight) o f th e  organs o f 
pike-perch and  carp is lower th an  th a t  of th e  w ite grass-carp. In  th e  case 
o f pike-perch collected a t  T ihany  th e  y-HCH con ten t of liver (0.027), eggs an d  
m ilt (0.013) and  brain  (0.024) was higher th a n  in  th e  K eszthely  B ay  (0.0161;
0.007; 0.008 respectively). The carps showed higher pollu tion levels in  th e  
K eszthely  Bay. As regards D D T an d  its  decom position products, a  significant 
difference was found between th e  eggs and  m ilt o f pike-perch and  th a t  of the  
carp a t  th e  tw o areas. In  th e  case of carps, even th e  difference in  th e  flesh 
pollution is w orth  m entioning.
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A  K L Ó R O Z O T T  S Z É N H ID R O G É N  S Z E N N Y E Z E T T S É G  
G Á Z K R O M A T O G R Á FIÁ S V IZSG Á LA TA  

A B A LA TO N  K É T  K Ü L Ö N B Ö Z Ő  V ÍZ T E R Ü L E T É N

P ásztor Zsuzsa , P o n y i Jenő, Holló A ttila  és Oönczy L ily

Összefoglalás

A  szerzők 1973-ban a k ló ro zo tt szénhidrogén  szennyezettség re vona tkozóan  g áz­
k ro m ato g rá fiá s  m ódszerrel v izsgá lták  a  B a la to n  k é t, v ízm inőségben eltérő  v íz te rü le té t. 
A  v izsgá la ti he lyekrő l víz, fito - és C ru stacea-p lank ton , fehér busa , (H ypophthalm ichthys  
m o litr ix ), p o n ty  (C yprinus carpio) és süllő (Lucioperca sandra) k e rü lt begyű jtésre . 
Az összes m in tá ra  v o n a tkozóan  v izsgá lták  a  gam m a-H C H , D D T , D D E  és D D D  k ló ro zo tt 
szénh id rogének  m enny iségét. A  g ázk rom atog ráfiás  elem zések so rán  a  k ö v e tkezőke t á lla ­
p í to t tá k  m eg:

1. A  tih a n y i és kesz thely i v íz térség  gam m a-H C H  szennyezettsége tav assza l 
azonos (35 ng /lit). A  Z ala-folyó beöm lésénél, v a la m in t m ag áb a n  a  fo lyóban  ez az é rték  
m ag asab b  (37 és 39 ng /lit). Ősszel az összes v izsgált helyen  m enny iségük  lecsökkent.

2. A  D D D  koncen trác ió  tav a ssza l a  tó  v izében közel azonos (1 ,4— 1,7 ng /lit.) 
c su p án  a  Z ala-fo lyóban  m ag asab b  (3,2 ng /lit.). A  D D T  tav assza l a  tih a n y i v izeke t k ivéve 
(2,1 n g /lit.), csak  nyo m o k b an  (1 ng /lit. a la tt)  ta lá lh a tó . Ősszel va lam elyes t m egem elkedik  
és a  K eszthely i-öbölben  e lérte  a  8,5 n a n n o g ram o t lite ren k én t.

3. A  K eszthely i-öböl őszi f ito p la n k to n  m in tá já b a n  a  legnagyobb  m ennyiségben  
a  D D T  (4,086 m g/kg  száraz  súly) és a  D D D  (3,507 m g/kg  száraz súly) fo rd u lt elő. F ig y e ­
lem be véve az a lgák  tény leges k o n cen trác ió já t a  gyű jtőhe lyeken , ez 7,2 /ig/tri3 p la n k to n ­
hoz k ö tö t t  pesz tic idnek  felel m eg.

4. A  C rustacea-p lan k to n  k ló ro zo tt szénhidrogén  ta r ta lm a  kü lönösen  a  n y ^ ri és 
az  őszi m in tá k  k ö zö tt m u ta t  e lté ré s t (0,437 ill. 1,239 m g/kg  s z á r íto t t  sú ly). Míg a  lin d án  
ese tében  1,3 — 1,8-szor, add ig  a  D D T -re  v o n a tkozóan  16 — 27-szer n agyobb  é rték ek e t 
fig y e ltek  m eg az őszi m in tá k  jav á ra . F igyelem bevóve a  C rustacea -p lan k to n  tény leges 
k o n cen trác ió já t a  gyű jtőhe lyeken , ez 0 ,05—0,23 /íg/rrf* rák p lan k to n h o z  k ö tö t t  p e sz ti­
c idnek  felel meg.

5. A  3 n y a ra s  fehérbusa  p é ld án y o k b a n  szám o ttev ő en  n agyobb  m ennyiségekben  
ta lá lh a tó  k ló ro zo tt szénhidrogén , m in t a  2 n y a raso k b an . A  y -H C H -ra  v o n a tkozóan  a 
3 n y a ra s  b u sa  h ú sá b a n  k ilencszer (0,136 m g/kg), az  ag y áb an  négyszer (0,117 m g/kg  
tö b b  v a n  m in t a  2 n y a ra sb an . A  D D T  esetében  a  h ú sb an  k é t és félszeres a  kü lönbség  
(0,506 m g/kg) az  idősebb p é ldányok  jav á ra .

6. Á  süllő és a  p o n ty  kü lönböző szerveiben  ta lá lh a tó  pesz tic idek  m ennyisége 
(m g/kg szerv  n edves súly) a lacsonyabb , m in t a  fehér busáé. A  T ih an y  e lő tti v izekből 
szárm azó  süllőknél a  m á j (0,027), iv a rte rm ék  (0,013) és az ag y  (0,024) y -IIC H  ta r ta lm a  
m ag asab b , m in t a  kesz thely i pé ldányoké  (0,0161; 0,007; 0,008). Á  p o n ty  ese tében  u g y a n ­
azon  szervekre v o n a tkozóan  éppen fo rd ítv a  igaz, a  kesz thely i m in tá k  y-H C H  ta r ta lm a  
a  m ag asab b . A  D D T  és bom lásterm ékeinek  a rá n y a  a  süllő és p o n ty  ese tében  a  k é t  g y ű jtő ­
he ly re  von a tk o zó an  az iv a rte rm ék b en , a  p o n ty n á l ezenkívü l m ég  a  h ú sb an  is je len tősen  
e lté r  egym ástó l.
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