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The d i s tu rbances  t h a t  such heavy metals as lead,  
cadmium and mercury may cause in an organism have been 
known in the form of occupa t iona l  r i s k s  of  workers 
hand l ing  such substances.  Today, as env i ronmenta l  po l -  
l u t i o n  caused by such heavy metals is  becoming a more 
se r ious  problem, i t  has become a major task to ascer -  
t a i n  what k ind of  i l l  e f f e c t s  ch ron ic  exposure to these 
metals through the atmosphere and food have on human 
h e a l t h .  I t a i - i t a i  d isease and Minamata d isease ,  which 
occurred in Japan as a r e s u l t  of  consumption of  food 
contaminated w i th  cadmium and mercury are good examples 
of these problems. Because of these occur rences ,  
d e t a i l e d  r epo r t s  have a l ready  been made regard ing  the 
c o n c e n t r a t i o n s  of heavy metals in the atmosphere 
[YAMANE et  a l .  1973, COULSTON & KORTE 1975] as wel l  as 
in foods [HOSOGAI & OKADA 1977, SUGIYAMA 1981] t h a t  
are consumed d a i l y  and processed foods [KAWARAYA et  a l .  
1978].  With regard to processed foods made from f i s h  
and l i v e s t o c k ,  i t  i s  necessary to a s c e r t a i n  to what 
e x t e n t  the heavy metals t h a t  have been accumulated in 
the bodies of the an ima ls ,  t h a t  i s ,  b i o l o g i c a l l y  con- 
cen t ra ted  through the food cha in ,  have been t r a n s f e r -  
red. This k ind of  s tudy has not  y e t  been r e p o r t e d .  

The authors  [HAYASHI et  a l .  1980] e a r l i e r  repo r ted  
on the d i f f e r e n c e  in the way lead and cadmium are 
t r a n s f e r r e d  from raw mi l k  to d a i r y  p roduc ts ,  in t h i s  
case, cheese. In t h i s  s t udy ,  t r a n s f e r  of lead and 
cadmium i n t o  b u t t e r  and o the r  d a i r y  products  produced 
in the process of  making b u t t e r  were s tud ied  and com- 
pared. 

MATERIALS AND METHODS 

The f resh  mi lk  purchased from a major d a i r y  products  
company was ad jus ted  so t h a t  lead (Pb) as lead ace ta te  
and cadmium (Cd) as cadmium ace ta te  would have the 
c o n c e n t r a t i o n  l e v e l s  of  I ,  I0 and 50 ppm. Using 1,000 
ml of the mi lk  thus contaminated w i t h  Pb and Cd, b u t t e r  
was produced. The process by which the b u t t e r  was made 
is  o u t l i n e d  in F ig .  I .  The amounts of  b u t t e r  and o the r  
d a i r y  products  produced are shown in Table I .  The bu t -  
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t e r  was cleansed tw ice  w i th  about 50 ml of  d i s t i l l e d  
wa te r .  When produced in a f a c t o r y ,  b u t t e r  is  compressed 
i n to  a shape a f t e r  c leans ing  and packed, but these 
ope ra t i ons  were e l i m i n a t e d  in t h i s  s tudy .  Three samples 
were c o l l e c t e d  from each d a i r y  product  f o r  Pb and Cd. 
The samples were s l ow l y  d i sso lved  at  low heat in 2 ml 
of 63% HN03, and c a r e f u l l y  evapora ted,  and then 2 ml 
of  60% HCI04 was added and heated on a hot p l a te  u n t i l  
wh i te  ash was ob ta ined .  The ashed samples were d i s s o l -  
ved in d i l u t e  n i t r i c  ac id .  The ana l ys i s  of  Pb and Cd 
was c a r r i e d  out by atomic abso rp t i on  spec t ropho tomet ry .  

Raw mi lk  

C e n t r i f u g a t i o n  at  3,000 rpm f o r  
20 minutes 

Sk im 'm i l k  

I 

Bu t te r  

Cream 

t 
Washed w i th  d i s t t i l e d  
water  

Churning 

B u t t e r m i l k  

F ig .  I .  The process of  b u t t e r  p r o d u c t i o n .  

Table I .  Volume of  the b u t t e r  and o the r  d a i r y  products  

Metal Group Raw milk Skim milk Cream Butter Buttermilk 
(ppm) (ml) (ml) (ml) (g) (ml) 

1 895 34.4 47 

Pb 10 1000 900 1 O0 22.5 64 

50 898 33.5 51 

1 898 28.8 61 

Cd I0 I000 886 I00 29.3 63 

50 895 28.3 58 

RESULTS 

Lead and cadmium concen t ra t i ons .  
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The c o n c e n t r a t i o n s  o f  Pb and Cd in the b u t t e r  and 
o t h e r  d a i r y  p roduc t s  and the p a t t e r n  o f  i n c r e a s e  or  
decrease o f  the Pb and Cd l e v e l s  in  the process o f  the 
d a i r y  p r o d u c t i o n  are shown in  Table 2 and F i g .  2, r e -  
s p e c t i v e l y .  The Pb c o n c e n t r a t i o n  o f  the  skim m i l k  was 
2 - 6% h i g h e r  than t h a t  in  the raw m i l k .  The Pb con- 
c e n t r a t i o n s  o f  the cream o f  the 1 ppm, I0 ppm and 50 
ppm groups were decreased by n e a r l y  25%, 39% and 45%, 
r e s p e c t i v e l y ,  compared w i t h  the raw m i l k .  The Pb con- 
c e n t r a t i o n  was marked ly  lower  in  the b u t t e r  than in  
the cream. There was a 50 - 60% decrease in  the 1 ppm 
group,  an 80 - 88% decrease in the I0 ppm group and a 
91 95% decrease in  the 50 ppm group compared w i t h  
the raw m i l k  or  w i t h  the cream ( F i g .  2 ) .  On the o t h e r  
hand,  the Pb c o n c e n t r a t i o n  o f  the b u t t e r m i l k  was 
around 2.5 t imes more than t h a t  o f  the cream. 

The Cd c o n c e n t r a t i o n  was s l i g h t l y  h i g h e r  in  the 
cream than in the raw m i l k .  In the 1 ppm, I0 ppm and 
50 ppm g roups ,  the Cd c o n c e n t r a t i o n s  o f  the cream were 
decreased by a p p r o x i m a t e l y  35%, 55% and 49%, respec -  
t i v e l y ,  compared w i t h  the raw m i l k  ( F i g .  2 ) .  There was 
a 94 - 98% decrease o f  the b u t t e r  Cd c o n c e n t r a t i o n  
compared w i t h  raw m i l k  o r  w i t h  the cream. In both the 
b u t t e r  and b u t t e r m i l k ,  t he re  were s i g n i f i c a n t l y  l ower  
Cd than Pb c o n c e n t r a t i o n s .  

Table 2. Lead and cadmium c o n c e n t r a t i o n s  o f  the b u t t e r  
and o t h e r  d a i r y  p r o d u c t s  I 

Metal Group Skim milk Cream Butter Buttermilk 
(ppm) 

1 1.03• 0.75• 0.36• 1.57• 
(+3.0) (-25.0) (-52.0) (+196,2) 

Pb I0 10.20~0.26 6.04~0.70 1.17~0.03 I I . 2 6 ~ 0 . 2 5  
(+2.0) (-39.6) (-80,6) (+158,2) 

50 52.80~1.65 27.32~0.48 2.23~0.36 51.07~1.34 
(+5.6) (-45.3) (-91.8) (+157.9) 

1 1.02• 0.65•  0.02~0.01 0.71 ~0.05 
(+2.0) (-35.0) (-97,5) (-61.3) 

Cd I0 10.38 ~ 0. I0  4.51 �9 0,25 0.15 ~0.02 5.87 ~ 0 . I I  
(+3.8) (-54.9) (-96.7) (+111.9) 

50 51.60~1.23 25.54~1,17 1.42~0.05 30.93~0.63 
(+3.2) (-48.9) (-94,4) (+I15.9) 

I= Mean~ s . d , ~ g / g  wet w e i g h t .  
*p< 0 . 0 2 ,  * * p <  0.001 w i t h  r e s p e c t  to the Pb g roups .  
The p e r c e n t  decrease or  i n c r e a s e  vs .  the p r e v i o u s  
process i s  shown in  p a r e n t h e s e s .  
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Lead and cadmium con ten ts  
The Pb and Cd con ten ts  in the b u t t e r  and o t h e r  

d a i r y  p roduc ts  are shown in Table 3. The t r a n s f e r  
ra te  of  the heavy meta ls  from the raw mi l k  to the 
skim m i l k  was 90 - 99%. The t r a n s f e r  r a t e  from the 
cream to the b u t t e r  was 2.7 - 16.3% in the Pb groups 
and 0.7 - 1.5% in the Cd groups.  The t r a n s f e r  ra te  was 
s i g n i f i c a n t l y  h i g h e r  in the Pb groups than in the Cd 
groups.  Of the Pb c o n t e n t s ,  some 0.15 - 1.2% and, of  
the Cd c o n t e n t s ,  0 .04 - 0.08% were t r a n s f e r r e d  from 
the raw mi l k  to the b u t t e r .  A p a r t  of  the Pb and Cd 
in the b u t t e r  was f l u x e d  by washing in the w a t e r ,  
except  in the 1 ppm Pb group.  

Table 3. Lead and cadmium con ten ts  o f  the b u t t e r  and 
o t h e r  d a i r y  p roduc ts  (mean ~ s . d . )  

Metal Group Skim milk Cream Butter Buttermilk 
(ppm) (mg) (~g) (~g) (~ug) 

Pb 

1 

I0 

50 

0.92 ~0.02 75.3-+9.8 12.3-+1.5 63.7-+5.4 
(92.2) (7.5) (I .2) (6.3) 

9.19~0.26 604.6~70.8 26 .4~ I .7  547.0~12.5 
(91.9) (6.0) (O .2) (5.4) 

47.40~I.17 2,730~50 74.8~12.1 2,600~70 

Cd 

1 0.91 ~0.02 65.3 ~4.5 0 .5~0 . I  33.5• 
(91.2) (6.5) (0.04) (3.3) 

I0 9.19• 451.6 ~25.7 4 . 3 ' 0 . 4  367.2 ~ 7.3 
(91.9) (4.5) (0.04) (3.6) 

50 46 .20~ I . I0  2,540~120 40 .3~ I .4  1,790~30 
(92.4) (5.1) (0.08) (3.5) 

The pe rcen t  c o n t e n t  vs. raw m i l k  is  shown in pa ren the -  
ses.  

DISCUSSION 

This s tudy is  concerned w i th  the t r a n s f e r  o f  Pb 
and Cd i n t o  b u t t e r  and o t h e r  d a i r y  p roduc ts  produced 
in the process of  b u t t e r - m a k i n g .  As shwon in F ig .  I ,  
the f i r s t  s tage in b u t t e r - m a k i n g  i nvo l ves  p u t t i n g  m i l k  
i n t o  a c e n t r i f u g a l  s e p a r a t o r  and s e p a r a t i n g  skim m i l k  
from cream. At t h i s  s tage ,  90% or more of  the Pb and 
Cd in the mi l k  i s  t r a n s f e r r e d  i n t o  the skim m i l k ,  
r e s u l t i n g  in h i g h e r  c o n c e n t r a t i o n s  of  these heavy 
meta ls  than in the o r i g i n a l  m i l k .  This may be q u i t e  
n a t u r a l  c o n s i d e r i n g  t h a t  the y i e l d  r a te  of  skim m i l k  
accounts  f o r  90% of  the o r i g i n a l  c o n t e n t  and t h a t  i t s  
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water  con ten t  i s  a p p r o x i m a t e l y  92%. Skim mi lk  is  then 
concen t ra ted  in a vaccum to be sold as condensed m i l k  
or spray d r i ed  to be sold as powdered m i l k .  The re fo re ,  
i f  the o r i g i n a l  m i l k  i s  contaminated w i th  these heavy 
meta ls ,  even i f  the degree o f  t h i s  con tamina t i on  i s  
r e l a t i v e l y  low, i t  does pose a danger.  The Pb and Cd 
contents  in  the cream, on the o the r  hand, were as low 
as 5 - 7%. Even then,  as i t  w i l l  be sold as f resh  
cream as i t  i s  or f rosen to be sold as ice cream, i t  
i s  necessary to pay s u f f i c i e n t  a t t e n t i o n  to not  con- 
t a m i n a t i n g  the o r i g i n a l  m i l k .  

During the second phase of  b u t t e r - m a k i n g ,  cream is  
separated by churn ing  i n t o  b u t t e r  and b u t t e r m i l k .  The 
Pb and Cd con ten ts  in the b u t t e r  showed a marked de- 
crease,  in p a r t i c u l a r ,  the Cd c o n t e n t s ,  which were 
0.04 to 0.08% as compared w i t h  Pb con ten ts  of  0 . I  to 
1.2% (a compared w i t h  the raw m i l k ) .  The d i f f e r e n c e  
in the Pb and Cd con ten ts  in the b u t t e r  may be re-  
l a ted  to the components of  b u t t e r .  Pb accumulates 
r e a d i l y  in f a t  [KITAMURA 1974] ,  and I00 g o f  b u t t e r  
con ta in  81.0 g of  f a t .  Cd, on the o the r  hand, is  known 
to b ind e a s i l y  w i th  m e t a l l o t h i o n e i n ,  which is  a prote-- 
in  w i t h  a molecu lar  we igh t  of  6,000 - I0 ,000  [IMURA et  
a l .  1980].  E i g h t y - f i v e  percent  o f  the p r o t e i n s  in mi lk  
is  case in ,  which has a molecu la r  we igh t  of  20,000 - 
I 00 ,000 ,  and, in a d d i t i o n ,  I00 g of  b u t t e r  con ta in  
on ly  0.9 g of  p r o t e i n .  The p r o p o r t i o n  of Pb con ten ts  
in the b u t t e r  tended to be h igher  w i t h  the 1 ppm group 
than w i t h  the o ther  groups. The authors  supposed t h a t  
t h i s  was because, as the Pb leve l  in the o r i g i n a l  mi lk  
i n c r e a s e s ,  the accumulat ion in the f a t  comes nearer  to 
the s a t u r a t i o n  p o i n t .  

The Pb and Cd l e v e l s  in  b u t t e r m i l k  are h i gh ,  bu t ,  
s ince b u t t e r m i l k  is  d i sca rded ,  there is  no problem 
i n v o l v e d .  The d i sc repancy  between the t o t a l  volumes 
of  Pb and Cd in the b u t t e r  and b u t t e r m i l k  and those 
in the cream, which was found in a l l  groups except  f o r  
the 1 ppm Pb group, was be l i eved  to be a t t r i b u t a b l e  to 
p a r t i a l  loss of  the heavy metals in the process of  
washing the b u t t e r .  

Because of  the way b u t t e r  was made in t h i s  s t udy ,  
which did not i nc lude  the comprehensive o p e r a t i o n  of 
the f a c t o r y  procedure as the f i n a l  p rocess,  the water  
con ten t  of  the b u t t e r  produced was app rox ima te l y  f i v e  
t imes h ighe r  than t h a t  of  commerc ia l ly  marketed b u t t e r ,  
which i s  15%. Cons ider ing  t h a t  Pb and Cd were found to 
be f l u x e d  when the b u t t e r  was washed w i th  wa te r ,  i t  
would appear t h a t ,  i f  the b u t t e r  ob ta ined  in t h i s  
s tudy were compressed, the l e v e l s  of  these heavy met-~ 
a ls  would dec l i ne  s t i l l  f u r t h e r .  As such a tendency 
is  p a r t i c u l a r l y  s t rong  w i t h  Cd, even when the o r i g i n a l  
b u t t e r  i s  contaminated w i t h  50 ppm of  Cd, the leve l  of  
Cd in the compressed b u t t e r  would probab ly  not  exceed 
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0.28 ppm. In r e a l i t y ,  however, contaminated mi lk  is 
not used as a raw ma te r i a l  f o r  making d a i r y  p roduc ts ,  
and the Pb and Cd concen t ra t i ons  in mi lk  are o r d i n a r i -  
l y  0.012 - 0.154 and 0.002 - 0.0037 ppm, r e s p e c t i v e l y  
[HOSOGAI et  a l .  1978, MITCHELL 1981] .  The re fo re ,  i t  
was suggested t h a t  the p o s s i b i l i t y  t ha t  b u t t e r  is 
contaminated w i th  e i t h e r  of these heavy metals is 
ex t remely  smal l .  
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