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The presence of DOT and i t s  m e t a b o l i t e s  in human mi lk  
has been repo r ted  in s t ud ies  from va r i ous  c o u n t r i e s  
dur ing  recent  years (VUORI et a l .  1977, WESTO0 & NOREN 
1972, BAKKEN & SEIP 1976, DILLON et a l .  1981, OYMENT et 
a l .  1971, ACKER & SCHULTE 1970, BALUJA et a l .  1982, 
SUVAK 1970, MIYAZAKI et a l .  1 9 8 0 ) . . . ~ o l y c h l o r i n a t e d  
b ipheny ls  (VUORI et a l .  1977, WESTO0 & NOREN 1972, 
BAKKEN & SEIP 1976, DILLON et a l ,  1981, DYMENT et a l .  
1971), hexachlorobenzene (MIYAZAKI et a l .  1980) and 
ch lordane compounds (MIYAZAKI et a l .  1980, TAKAHASHI 
et a l .  1981) have also been detec ted  in t h i s  s u b s t r a t e .  

The use of DOT in F in land was c l o s e l y  r e s t r i c t e d  in the 
ea r l y  1970's and t o t a l l y  banned in 1977. S i m i l a r  steps 
were taken in many o ther  c o u n t r i e s  about the same t ime .  
As a consequence, a decrease in the c o n c e n t r a t i o n s  of 
DDT and i t s  me tabo l i t es  has been repo r ted  in the B a l t i c  
envi ronment  (MOILANEN et a l .  1982) and in B a l t i c  h e r r i n g  
which is suspected to be the main source of ODT in the 
F inn i sh  d i e t .  In F in land the average y e a r l y  i n t ake  of 
DDT compounds has been rough ly  es t imated  at I mg per 
person (KIVIRANTA et a l .  1982). 

An increase has been demonstrated (MOILANEN et a l .  
1982) in the c o n c e n t r a t i o n  of ch lordane i n s e c t i c i d e s  in 

B a l t i c  f i s h .  Oxychlordane is  the main m e t a b o l i t e  of 
ch lordane i n s e c t i c i d e s  in mammals (TASHIRO & MATSUMURA 
1977) and has been found in human adipose t i s s u e  
(ATALLAH et a l .  1977). 

The conven t iona l  a n a l y t i c a l  procedures f o r  the d e t e r m i -  
na t i on  of c h l o r i n a t e d  hydrocarbons i n v o l v e  s o l v e n t  
e x t r a c t i o n ,  f o l l owed  by cleanup of the e x t r a c t  w i t h  
l i q u i d  p a r t i t i o n i n g  and column chromatography.  VEIEROV & 
AHARONSON (1980) i n t roduced  an e f f i c i e n t  e x t r a c t i o n  and 
cleanup procedure in which concen t ra ted  s u l f u r i c  ac id is  
used fo r  the removal of f a t  and o ther  i n t e r f e r i n g  sub- 
s tances .  The d e t e c t i o n  of the c h l o r i n a t e d  compounds has 
u s u a l l y  been accomplished by e l e c t r o n  capture  gas 
chromatography.  
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This paper descr ibes  the d e t e r m i n a t i o n  of p o l y c h l o r i -  
nated b i p h e n y l s ,  DDT and i t s  m e t a b o l i t e s ,  hexachloroben-  
zene and chlordane components in 50 samples of human 
mi lk  by a se lec ted  ion m o n i t o r i n g  techn ique .  

METHODS AND MATERIALS 

F i f t y  i n d i v i d u a l  human mi lk  samples were k i n d l y  supp l i ed  
by the Mi lk  Bank of the C h i l d r e n ' s  H o s p i t a l ,  U n i v e r s i t y  
of H e l s i n k i ,  du r ing  the per iod  December 1981 to June 
1982. A l l  the donors were from the H e l s i n k i  c i t y  area. 
The age of the donors was 22-38 years ,  t h e i r  length 152- 
180 cm, we igh t  48-90 kg and they were mothers to I - 4  
c h i l d r e n .  No data on the d i e t a r y  hab i t s  of the donors 
was a v a i l a b l e .  A l l  except  one were nonsmokers. 

E x t r a c t i o n  and cleanup of the samples were performed by 
the method of VEIEROV & AHARONSON (1980).  Hexane was 
used ins tead  of petro leum e ther  as the e x t r a c t i n g  
s o l v e n t .  The e x t r a c t  was concent ra ted  to about 0.5 ml 
before GCMS a n a l y s i s ,  o,p ' -DDD, p r e v i o u s l y  conf i rmed not 
to be present  in the samples, was used as an i n t e r n a l  
s tandard and added to the mi lk  sample before e x t r a c -  
t i o n .  

The a n a l y s i s  of the concen t ra ted  e x t r a c t s  was made by 
the se lec ted  ion m o n i t o r i n g  techn ique .  The ins t rument  
used was a Hewlet t  Packard 5992 gas chromatograph mass 
spec t rometer  equipped w i th  an OV I01 fused s i l i c a  column 
(25m, i . d .  0.32 mm). The on-column i n j e c t i o n  techn ique  
was app l ied  and the oven temperature was programmed from 
120 ~ (de lay  0.5 min) to 240 ~ at 15~ The ions moni- 
t o red  were 237 ( f o r  d e t e c t i n g  p,p ' -DDT,  o,p'-DDD and 
p ,p ' -DDD) ,  248 (p ,p ' -DDE) ,  284 (HCB), 326 (pen ta - ,  hexa- 
and h e p t a c h l o r o b i p h e n y l s ) ,  360 (hexa- ,  hepta- and 
o c t a c h l o r o b i p h e n y l s ) ,  375 and 377 (~- and y -ch lo rdane )  
387 and 389 (oxych lo rdane)  and 407 and 409 ( f o r  
nonachlor  i somers ) .  In ambiguous cases the i d e n t i f i -  
c a t i o n s  were conf i rmed by m o n i t o r i n g  the s i x  most 
prominent ions in the mass spectrum of the compound in  
ques t i on .  Peak he igh ts  were used as the bas is  f o r  
q u a n t i f i c a t i o n .  

The recove r i es  were found to be 85-100 % f o r  a l l  the 
compounds s tud ied .  
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The data was s t a t i s t i c a l l y  processed by CDC Cyher 173 
computer us ing Pearson's c o r r e c t i o n  a n a l y s i s  and 
m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  

Fat content  of the samples was analyzed accord ing  to the 
method of AOAC (HORWITZ 1980). 

The re fe rence  compounds were k i n d l y  supp l i ed  by the U.S. 
Env i ronmenta l  P r o t e c t i o n  Agency. 

RESULTS AND DISCUSSION 

The r e s u l t s  are presented in t a b l e s  1 and 2. 

Table I .  Concen t ra t ions  of o rganoch lo r i ne  compounds in  
F i n n i s h  human mi lk  samples 

In whole human m i l k *  (mg/kg) In human mi lk  f a t  (mg/kg) 

mean 
PCBs 0.016 
DDE 0.030 
DDD 0.0003 
DDT 0.0012 
Total  
DDT 0.031 
HCB 0.0023 

S.D. range mean S.D. range 
0.008 0.002 -0.041 0.45 0.24 0 .065-1 .2  
0.021 0.005 -0.083 0.85 0.61 0.15 -2 .7  
0,0002 <0.0001-0.0012 0.009 0.006 <0.003-0 .024 
0.0010 <0.0001-0.0033 0.036 0.026 <0.003-0 .10  

0.022 0.005 -0 .084 0.89 0.63 0.15 -2.7 
0.0013 0 ,0007-0 .006 0.064 0.040 0 .014-0 .24  

*Fat (%) 3.7 1.1 1 . 6 - 5 . 5  

Chlordane components were not de tec ted  in the i n d i v i d u a l  
samples owing to l i m i t e d  s e n s i t i v i t y .  However, when ten 
randomly se lec ted  samples were combined and f u r t h e r  
concen t ra ted ,  oxych lordane and nonachlor  isomers could 
be detec ted  in the r e s u l t i n g  e x t r a c t  (Table 2) .  

Table 2. Concen t ra t ions  of ch lordane compounds in  
F i n n i s h  human mi lk  samples ( ten i n d i v i d u a l  
samples combined) 

Average c o n c e n t r a t i o n  (Ng/kg) 
Whole mi lk  M i lk  f a t  

Oxychl ordane O. 2 5 
t rans-Nonach l  or O. 4 I0 
Nonachlor isomer ( c i s - ? )  0.08 2 
c i s - ( ~ )  Chlordane <0.05 <I 
t r a n s - ( y )  Chlordane <0.05 <I 
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The e x t r a c t i o n  and c l e a n u p  p r o c e d u r e  was found  s u p e r i o r  
to  p r e v i o u s l y  used s o l v e n t  p a r t i t i o n  methods .  The o n l y  
drawback was t h a t  some p e s t i c i d e s ,  e . g .  d i e l d r i n  and 
e n d r i n e ,  are decomposed by the  a c i d  t r e a t m e n t .  E f f i c i e n t  
c l e a n u p  o f  t he  e x t r a c t s  i s  e s p e c i a l l y  i m p o r t a n t  when 
u s i n g  c a p i l l a r y  co lumns w i t h  t h e i r  sma l l  sample c a p a c i -  
t y .  No c h r o m a t o g r a p h i c  p r e f r a c t i o n a t i o n  o f  t he  e x t r a c t s  
was n e c e s s a r y  because o f  t he  g r e a t  s p e c i f i c i t y  o f  t he  
s e l e c t e d  i on  m o n i t o r i n g  t e c h n i q u e .  

Some r e s u l t s  o f  r e c e n t l y  p u b l i s h e d  human m i l k  s t u d i e s  
f rom d i f f e r e n t  c o u n t r i e s  are  p r e s e n t e d  in  Tab le  3. 

Table  3. PCB and DDT c o n c e n t r a t i o n s  in  human m i l k  (mg/kg 
who le  m i l k )  

C o u n t r y  Year PCB To ta l  DDT Ref. 

F i n l a n d  1973-74  0.024 0 .058  
F i n l a n d  1982 0 .016 0 .031  
Sweden 1967 0 .014 0 . I I  

1971-72  0 .025  0 .086  
Norway 1975 - 0 .082  
Canada 1975 0 .029  0 .039  
USA 1971 p u b l .  0 .11 
Germany 1970 p u b l .  0. I0  0 .11  
Spain 1981 0 .25 0 .25 
S o v i e t  
Union 1970 p u b l .  0 .21 

VUORI et  a l .  1977 
t h i s . . ~ t u d y  
WESTO0 & 
NOREN 1972 
BAKKEN & SEIP 1976 
DILLON et a l .  1981 
DYMENT et a l .  1971 
ACKER & SCHULTE 1970 
BALUJA et a l .  1982 

SUVAK 1970 

Compar ison of  t he  r e s u l t s  o f  t h i s  s t u d y  w i t h  the  data  
f rom the  F i n n i s h  i n v e s t i g a t i o n  in  1973-74 i n d i c a t e s  t h a t  
both  the  PCB and DDT c o n c e n t r a t i o n s  are d e c r e a s i n g .  
T h i s  i s  to  be e x p e c t e d  as a r e s u l t  o f  t he  r e s t r i c t i o n s  
put  on t he  use o f  t h e s e  compounds.  The methods o f  
a n a l y s i s  in  t he  two s t u d i e s  a l s o  d i f f e r e d ,  however ,  and 
the  r e s u l t s  must be compared w i t h  some c a u t i o n .  

The mean r a t i o  o f  t he  DDE and DDT c o n c e n t r a t i o n s  in  t h e  
p r e s e n t  data  i s  25, whereas i t  was l e s s  t h a n  3 in  t he  
p r e v i o u s  i n v e s t i g a t i o n .  Th is  is  an i n d i c a t i o n  o f  t he  
m e t a b o l i s m  of  DDT o c c u r r i n g  in  t h e  e n v i r o n m e n t .  

Ch lo rdane  compounds have p r e v i o u s l y  been d e t e c t e d  
i n  human m i l k .  The c o n c e n t r a t i o n s  are summar ized in  
Table  4. 
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Table 4. Concentrations of chlordane compounds in human 
milk (Ng/kg whole milk) 

Country Year Oxychlor- Nonachlors Chlordanes Ref. 
dane cis- trans- cis- trans- 

Japan*) 1979 0.53 0.18 0.79 0.13 0.16 * * )  
USA,Hawaii 1979 1.9 - 2.5 - * * * )  
F i n l a n d * ) ,  
present  s tudy 1982 0.2 0.08 0.4 <0.05 <0.05 

*) analysis by the selected ion monitoring technique 
**)  MIYAZAKI et al. 1980; * ** )  TAKAHASHI et al. 1981 

Chlordane insect ic ide has never been used in Finland 
or Scandinavian countries whereas i t  was heavily used 
in Japan and especially in the USA. Chlordane and nonachlor 
isomers are components of technical chlordane, while 
oxychlordane is a metabolite of chlordane isomers. 

Equation (I) mathematically expresses the dependence of the 
DDT concentration on the age of the donor, number of 
ch i ldb i r ths  and fat percentage of the milk. This was 
obtained by computer processing of the data. 

~DDT=O.249"10-2(age)-O.971,10-2(number of ch i l db i r ths )  
+0 .590o lO-2 ( fa t%) -O .500  I0 - I  ( I )  

Similar equations were also obtained for PCB and HCB 
concentrations. These dependences were, however, not 
s ign i f i can t .  

I t  can be calculated that the average dai ly intake of 
to ta l  DDT of a Finnish chi ld weighing 5 kg and consuming 
I kg of milk a day is 0.006 mg/kg. Although low compared 
with many other countries th is  value exceeds the ADI value 
of 0.005 mg/kg proposed by WHO. 
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