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Env i ronmen ta l  p o l l u t i o n  w i t h  o r g a n o c h l o r i n e  
i n s e c t i c i d e s  (OCIs) and p o l y c h l o r i n a t e d  b i p h e n y l s  
(PCBs) has decreased due t o  r e s t r i c t i o n  and /o r  bann ing 
of  these  compounds (Abbot e t  a l .  1985; Schmi t t  e t  a l .  
1985; Weisenberg e t  a l .  1985; H o l t  e t  a l .  1986). 
However, s e v e r a l  r e c e n t  r e p o r t s  i n d i c a t e  t h a t  p o l l u t i o n  
w i t h  OCls and PCBs s t i l l  does e x i s t ,  and may be of  
p u b l i c  and e n v i r o n m e n t a l  h e a l t h  s i g n i f i c a n c e  even i n  
developed c o u n t r i e s  (Kim 1984; Sawhney and Hankin 1985; 
Brunn e t  a l .  1985; Rogan e t  a l .  1986). 

Cow's m i l k  i s  one of  t he  most i m p o r t a n t  media where 
o r g a n o c h l o r i n e  compound (OCC) l e v e l s  are mon i to red  
(Wedberg e t  a l .  1978; Frank e t  a l .  1979; F u t i a n o s  e t  
a l .  1985). On t h e  one hand, m i l k  and i t s  p roduc t s  p l a y  
a c e n t r a l  r o l e  i n  human n u t r i t i o n  and, on t he  o t h e r ,  
h i g h l y  l i p o p h i l i c  OCCs can accumulate  i n  f a t - r i c h  m i l k  
p r o d u c t s .  

In  our  p r e v i o u s  s tudy  (P ines and Cucos 1984),  we 
r e p o r t e d  a s i g n i f i c a n t  decrease i n  OCC c o n t e n t  i n  both 
farm and market m i l k  i n  I s r a e l  between the  mid-1970s 
and e a r l y  1980s. The c l e a r e s t  decrease was seen i n  
t he  cases of  DDT, d i e l d r i n  and l i n d a n e ,  bu t  no t  as much 
as f o r  h e p t a c h l o r  epox ide  (HE) and PCBs. The p resen t  
s t udy  was under taken t o  f o l l o w  up the  observed t r e n d s  
and t o  de te rmine  whether  cow 's  m i l k  c o n t a m i n a t i o n  w i t h  
OCC p r e s e n t l y  poses a p u b l i c  h e a l t h  problem i n  I s r a e l .  

MATERIALS AND METHODS 

The o v e r a l l  s t udy  i n c l u d e d  42 samples of  farm cow's  
m i l k  (1976 - I0  samples, 1983 - 14, 1986 - 18) and 41 
samples of  market m i l k  (1976 - 10 samples, 1983 - 16, 
1986 - 15).  Sampling was performed a t  random. To 
l i m i t  t he  e f f e c t  o f  u n c o n t r o l l e d  con found ing  f a c t o r s  

send r e p r i n t  r eques t s  t o  Or. 
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A. P ines a t  t he  above 

94 



(geographical or seasonal), farm samples in 1983 and 
1986 were selected from the same milk farm during the 
same month (April). Market milk samples were collected 
during the same month as farm milk samples. 

Determination of OCC residue levels in milk included 
milk lipid extraction and separation of OCIs from PCBs 
(Armour and Burke i970), followed by gas chromatography 
(Packard - 7400 with an electron-capture detector). 
The detailed procedure of OCC measurement, as performed 
in this laboratory, is described elsewhere (Polishuk et 
al. 1977). In line with reported mass- spectrometric 
studies (Greichus et al. 1974), individual 
chloropbiphenyl  peaks were grouped and subsequently 
i d e n t i f i e d  as t e t r a - ,  penta- and hexa-ch lorob ipheny ls  
(CBs), using Arocior 154 as a standard. All the 
analyses were performed applying identical methodology 
by the same chemist; therefore, interlaboratory and 
interobserver variations in results (Lawton et al. 
1985) have been minimized. Statistical procesing of 
the data included calculation of the mean residue 
levels for each compound during each sampling period 
and standard error of mean (SEM). The difference 
between means for different years was tested with 
Student's t-test. The 1983 and 1986 findings were also 
compared by Fisher's exact test (FET). No outliers were 
excluded. Undetected OCC residues were treated as zero 
values. 

RESULTS AND DISCUSSION 

During 1976-1983, statistically significant reductions 
of the residue levels of total DDT, lindane and 
dieldrin took place in both farm and market milk 
samples, while HE decreased in market samples only. 
During the following 3-year period, further reductions 
took place in DDT, lindane and dieldrin residues in 
farm milk samples, as well as reductions in DDT and 
dieldrin levels in market milk samples. All the above 
decreases were statistically significant by both 
Student's t-test and FET (Table I). 

The changes in the pattern of DDT analogs are 
especially noteworthy (Table 2, Fig. I): p,p'-DDT and 
o~p~-DDE pratically disappeared in the 1986 samples of 
both market and farm m i l k .  Other DDT analog l e v e l s  
showed a continuous decrease from 1983 to 1986, except 
that of p,p~-DDE in the farm milk samples, which 
remained stable, and p,p~-DDD in market milk samples, 
which significantly increased in 1986 as compared with 
1983. This discrepancy between the trends of p,p'-DDT 
residues in farm and market cow's milk samples remains 
to be elucidated. Disappearance of p,p'-DDT from milk 
and the increase in the share of of p,p~-isomers 
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Figure 1 Changes with time in the distribution pattern 
of p,p'- and o,p'-DOT analogs in the farm and market 
milk samples. 

Figure 2 Changes with time in the total PCBs 
concentration in the farm and market milk samples. 

accounted for by ODE reflect differences in chemical 
stability and metabolization rates of these compounds: 
the latter indicates mainly past exposure to this 
insecticide, while the former reflects current exposure 
(Peterson 1979). 

Unlike OCIs, residues of PCBs in milk underwent a steep 
decrease in th~ 1983-1986 period, while during the 
preceding period, this decrease was less pronounced and 
observed only in market milk samples (farm samples 
exhibited significant reductions in total PCBs only 
after exclusion of outliers) (Fig. 2). The pattern of 
CB congeners changed in parallel to those of p_~-DDT 
analogs, with complete disappearance of less stable and 
quickly metabolized tetra-CBs, indicative of current 
exposure, and a relative increase in the proportion of 
slower biodegradable, highly chlorinated penta- and 
hexa-CBs, characteristic of past exposure (Wolf et al. 
1982) 
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Y e a r s  
F a r m  Mi l .k  

1976 

1983 

1986 

M a r k e t  Mi l .k  
1983 

1986 
I , I I I , I z I , I 

OY. 2 0 Y .  4 0 Y .  6 0 %  8 0 Y .  IOOY.  

I ~ l t e t r a  - ~ p e n t a -  I h e x a  - 
c h l . o r o b i p h e n y l . s  

F i g u r e  3 Changes w i t h  t ime  i n  the  ch l  o r o b i p h e n y l  
distribution pattern in the farm and market milk 
samples (data for market milk samples for 1976 are 
unavai Iab I e). 

In  t he  1976 s e r i e s  of  m i l k  samples, those  from the  
market e x h i b i t e d  OCC r e s i d u e s  two t o  f i v e  t imes h i g h e r  
than those form the  farm. T h i s  might  have r e s u l t e d  
e i t h e r  from a t y p i c a l l y  low c o n t a m i n a t i o n  o f  t he  farm 
where 1976 samples were p i c ked ,  or  from s t r o n g l y  b iased 
sampl ing of  market m i l k  d u r i n g  t h a t  p e r i o d .  As shown 
i n  our p r e v i o u s  s t u d y ,  a l a r g e  range of  v a r i a t i o n  
e x i s t s  between the  average OCC c o n c e n t r a t i o n s  i n  
v a r i o u s  grades of  m i l k  (Pines and Cucos 1984). In  t he  
1983 and 1986 sample s e r i e s ,  t he  d i f f e r e n c e s  between 
market and farm r e s i d u e  l e v e l s  were s m a l l ,  a l t h o u g h  
s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  some compounds. 

A d r a s t i c  decrease i n  t he  OCI c o n t a m i n a t i o n  observed 
d u r i n g  the  11-year  p e r i o d  of  i n v e s t i g a t i o n  i s  c l e a r  
ev idence  of  s u c c e s s f u l  enforcement  o f  r e g u l a t o r y  
measures aimed a t  a b o l i s h i n g  use of  t he  OCIs f o r  crop 
p r o t e c t i o n  and f o r  c o n t r o l  o f  v e c t o r  d iseases  i n  
I s r a e l .  Such measures were i n i t i a t e d  f o r  DDT i n  1970, 
d i e l d r i n  i n  1975, l i n d a n e  i n  1978, and h e p t a c h l o r  i n  
1980. No such r e g u l a t i o n s  e x i s t  conce rn ing  the  use of  
PCB's, a l t h o u g h  i n  t he  f i r s t  h a l f  o f  the  1980"s, t he  
I s r a e l i  E l e c t r i c  Company v o l u n t a r i l y  d i s c o n t i n u e d  use 
of  PCB-con ta in ing  t r a n s f o r m e r s  and o the r  equipment .  An 
obv ious  e f f e c t  o f  the  l a t t e r  measure on cow's  m i l k  
c o n t a m i n a t i o n  emerged, a l b e i t  l a t e r  than the  ban on OCI 
use. F u r t h e r  suppor t  r e g a r d i n g  the  e f f e c t  of  r e g u l a t o r y  
measures i s  p rov i ded  by resemblance of  q u a l i t a t i v e  and 
q u a n t i t a t i v e  changes i n  OCC r e s i d u e  p a t t e r n s  i n  cow 's  
m i l k ,  and i n  b lood samples of  t he  genera l  I s r a e l i  

98 



T
a
b
l
e
 
2.
 
C
h
a
n
g
e
s
 
in
 
D
D
T
 
a
n
a
l
o
g
 
m
i
l
k
 
m
e
s
i
d
u
e
s
 
(m
ea
n 
~ 

S
E
M
 n

g
 
r
e
s
i
d
u
e
/
g
 w

h
o
l
e
 
mi
lk
) 

Y
e
a
r
 
o
f
 

D
D
T
 

.D
DD
 

s
a
m
p
l
i
n
g
 

D
D
E
 

S
u
m
 
o
f
 
t
h
e
 
r
e
-
 

s
p
e
c
t
i
v
e
 
i
s
o
m
e
r
 

a
n
a
l
o
g
s
 a
 

%
0
 

%
0
 

F
a
r
m
 m

i
l
k
 
s
a
m
p
l
e
s
 

1
9
7
6
 b 

4.
9 

~ 
0
.
7
6
*
*
*
 

9.
2 

~ 
2
.
3
4
*
*
 

p,
__
_p
p'
-i
so
me
rs
 

1
9
8
3
 

0.
9 
~ 

0
.
2
1
 

2.
1 

~ 
0
.
2
9
*
*
@
@
 

1
9
8
6
 

_
c
 

0
.
9
 
+ 

0
.
1
9
 

o
,
p
'
-
i
s
o
m
e
r
s
 

1
9
7
6
 b 

1
9
8
3
 

1
9
8
6
 

5
.
8
 +
_ 
0
.
7
6
*
*
 

3
.
8
 _
+ 
1
.
2
6
 

2
.
9
 
+ 

0
.
3
4
*
*
*
@
@
 

2
.
6
 
+_
_ 0

.
5
3
,
@
@
@
 

1
.
5
 ~
 
0
.
3
0
 

0
.
4
 
+ 

u
.
~
 

M
a
r
k
e
t
 
m
i
l
k
 
s
a
m
p
l
e
s
 

1
2
.
3
 +
 
2
.
4
3
*
*
*
 

1
8
.
5
 +

 
2
.
5
9
*
*
*
 

0
.
3
 +
 
0
.
0
7
 

0
.
6
 
+ 

0
.
i
0
,
*
*
@
@
 

-
-
 

_
c
 

1
.
7
 
T
 

0
.
1
7
 

p
,
p
r
-
i
s
o
m
e
r
s
 

19
76
 b
 

1
9
8
3
 

1
9
8
6
 

o
,
p
'
-
i
s
o
m
e
r
s
 

1
9
7
6
 b 

1
9
8
3
 

1
9
8
6
 

~ Ca
l
c
u
l
a
t
e
d
 
a
s
 
D
D
T
 

D
a
t
a
 
c
a
l
c
u
l
a
t
e
d
 
f
r
o
m
 N

u
t
s
a
t
h
a
p
a
n
a
 
(1
97
6)
 

1
0
.
6
 
+ 

1
.
6
8
,
*
*
 

8
.
7
 ~
 
1
.
8
3
,
*
*
 

1
.
6
 ~
 
0
.
2
6
*
*
*
@
@
 

1
.
6
 
~ 

0
.
3
1
,
*
*
@
@
@
 

1
.
0
 ~
 
0
.
3
2
 

0
.
6
 
+ 

0
.
2
0
 

1
1
.
6
 +
_ 
1
.
4
2
,
*
*
 

2
8
.
1
 _
+ 
3
.
1
0
,
*
*
 

2
.
1
 +
_ 
0
:
7
7
*
*
*
 

5
.
6
 +
__
 0
.
5
5
*
*
*
 

3.
2 

+ 
0
.
4
3
 

4
.
7
 
+ 

0
.
5
9
 

5
.
0
 
+ 

1
.
8
7
 

1
5
.
6
 
+ 

2
.
4
7
 

2
.
1
 $
 
0
.
1
9
 

8
.
1
 ~
 
0
.
7
1
"
*
 

-
-
 

-
c
 

1
.
9
 
�9
 
0
.
3
1
"
*
*
@
@
@
 

2
2
.
0
 ~
 
2
.
3
7
*
*
*
 

5
7
.
4
 
+ 

4
.
8
1
 

2.
4 

+ 
0
.
3
6
*
*
*
@
@
 

3
.
6
 ~
 
0
.
4
9
*
*
*
 

1.
2 
~ 

0
.
2
1
 

3
.
2
 ~
 
0
.
3
0
*
*
*
 

9
.
0
 _
+ 
1
.
3
6
,
*
*
 

3
0
.
3
 _
+ 
4
.
5
2
*
*
*
 

1.
7 

+ 
0
.
3
2
 

5
.
3
 
+ 

0
.
9
2
 

--
 

_
c
 

1
.
7
 
~ 

0
.
4
4
*
*
@
@
@
 

C
l
n
 
a
l
l
 
b
u
t
 
o
n
e
 
sa
mp
le
, 

r
e
s
i
d
u
e
 
b
e
l
o
w
 
t
h
e
 
d
e
t
e
c
t
i
o
n
 
l
i
m
i
t
s
 

, 
*
*
 

S
i
g
n
i
f
i
c
a
n
c
e
 
t
e
s
t
i
n
g
 
(
S
t
u
d
e
n
t
'
s
 
t)
: 

1
9
8
3
 
o
r
 
1
9
8
6
 
vs
. 

1
9
7
6
:
 
@
p
 
( 

0.
05
, 

@
@
~
 
~ 

0
.
0
1
,
 

--
 

1
9
8
6
 
vs
. 

1
9
8
3
 

p 
( 
0
.
0
5
,
 

( 
0
.
0
1
,
 

~"
 0

.0
01

; 
@

@
@

P 
(0

.0
0

1
. 



popula t ion dur ing the same per iod (Pines e t  a l .  in  
press) .  

The c u r r e n t l y  observed l e v e l s  of OCC res idues in  both 
farm and market mi lk  samples are wel l  below the maximum 
res idue l i m i t s  f o r  OCI p o l l u t i o n  of whole mi lk  
es tab l i shed  by FAO/WHO (1983) as wel l  as the FDA 
to le rance  f o r  PCBs in  mi lk  f a t  (US FDA,  1979). This 
f a c t ,  together  wi th  caut ious e x t r a p o l a t i o n  of the 
observed downward trend in  cow's m i l k  OCC res idues ,  
enables us to  conclude t h a t  the cu r ren t  l e v e l  of cow's 
mi lk  contaminat ion by the above repor ted compounds i s  
very  low in  I s r a e l  and may hard ly  represent  any 
measurable t h r e a t  to  human hea l th .  
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