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The majority of cooking and storing utensils are made 
up of different metals alone or in combination. 
Evidences are available that constituent metals could 
l e a c h  f r om u t e n s i l s  d u r i n g  c o o k i n g  and s t o r a g e  o f  f o o d  
( B r i t t i n  e t  a l . ,  1986; I n o u e  e t  a l . ,  1988; O ' N e i l l  e t  
a l . ,  1989 ;  R e i l l y ,  1985;  S t o e w s a n d  e t  a l . ,  1 9 7 9 ) .  
I n t a k e  o f  heavy  m e t a l s  i s  an i m p o r t a n t  p r o b l e m  i n  human 
h e a l t h .  A l t h o u g h  some o f  t h e  m e t a l s  a r e  e s s e n t i a l  
h o w e v e r ,  t h e i r  e x c e s s i v e  i n g e s t i o n  i s  u n d e s i r a b l e  
( M a s i r o n i ,  1 9 7 3 ;  V e n u g o p a l  e t  a l . ,  1 9 7 8 ) .  T h e  
s t a n d a r d s  have  been l a i d  down by t h e  r e g u l a t o r y  
a g e n c i e s  f o r  t h e  i n t a k e  o f  m e t a l s  f r om t h e  d i e t  and 
o t h e r  s o u r c e s  as w e l l  ( B u h l e r ,  1973 ) .  However ,  f ood  
s t a n d a r d  r e g u l a t i o n  and t a b l e s  o f  f ood  c o m p o s i t i o n  a re  
o f  l i m i t e d  a s s i s t a n c e  t o  t h e  t o x i c o l o g i s t  i n v e s t i g a t i n g  
d i e t a r y  i n t a k e  o f  m e t a l s  by i n d i v i d u a l  becuase d u r i n g  
t h e  c o o k i n g  a n d  t h e  s t o r a g e  o f  f o o d  i n  m e t a l l i c  
u t e n s i l s  s i g n i f i c a n t  q u a n t i t i e s  o f  t o x i c  e l e m e n t s  may 
leach out and increase the uptake of metal above the 
admissible da i l y  intake (ADI) values even in well 
regulated and hygenic household. In India, food habits 
i .e .  component of d iet ,  type of utensi ls,  methods of 
p r e p a r a t i o n  and s to rage of food are conce i ve l y  
d i f f e r e n t  from those of developed coun t r i es .  Hence 
there is need to evaluate the leaching behaviour of 
constituent metals from utensi ls in a wide var iety of 
food mater ia ls .  Stainless s tee l  is  supposed to be 
noncorrosive and resistant  to var iety of foods. I t  is 
made up of Fe,Cr and Ni in general and in some cases Mn 
and Cu are also introduced to get better qual i ty  or 
cheaper u tens i l s .  The present study descr ibes the 
leaching of Fe,Cr, Ni in food s imulants and food 
materials which have been in contact of stainless steel 
su r faces  du r ing  the cooking and s t o r i n g .  The 
information generated w i l l  be useful to consumers 
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being acquainted that  which type of food should be 
cooked/stored in the s ta in less steel u tens i ls .  These 
w i l l  be also helpful to regulatory agencies for  laying 
down consumer protect ion standards. 

MATERIALS AND METHODS 

The sta in less steel u tens i ls  tumblers, bowls of three 
d i f f e ren t  brands in an t ic ipa t ion  that  each brand w i l l  
have d i f f e ren t  composition were purchased from local 
market. The u tens i ls  already in use for  more than 
past f i ve  years were col lected from houses. Al l  the 
u t e n s i l s  were ana lysed on Atomic A b s o r p t i o n  
Spectrophotometer, Perkin Elmer-5000 for  the Fe, Cr and 
Ni contents,  the % of Ni, Cr and Fe in d i f f e r e n t  
u tens i ls  tested was as fol lows: 

Metal composition (% content  of Fe, Cr and Ni of 
s ta in less steel u tens i ls  used in experiments) 

U t e n s i l s  Fe Ni Cr 

T u m b l e r  7 1 . 0 3  2 , 3 0  12 ,67  
( B r a n d  A) 

T u m b l e r  6 7 . 8 6  3 . 4 2  9 . 7 4  
( B r a n d  B) 

T u m b l e r  6 8 . 2 3  2 .31  1 2 . 0 3  
( B r a n d  C) 

Bowl new 6 6 . 2 5  2 . 9 0  1 3 . 5 6  
( B r a n d  A) 

Bowl new 6 8 . 9 2  3 . 8 5  1 3 . 7 3  
( B r a n d  B) 

Bowl new 6 9 . 2 5  2 .81  11.01 
( B r a n d  C) 

T u m b l e r  o l d  6 1 . 8 8  9 . 1 3  1 7 . 2 8  
( B r a n d  A) 

T u m b l e r  o l d  5 8 , 3 3  9 . 3 0  1 7 . 8 8  
( B r a n d  B) 

Bowl o l d  6 6 . 9 5  9 .31  2 0 . 8 0  
( B r a n d  A) 

Bowl o l d  6 7 . 2 5  9 . 0 2  1 9 . 9 5  
( B r a n d  B) 
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Al l  the u tens i l s  were washed thoroughly with detergent, 
hot tap water and f i n a l l y  r i nsed  w i t h  double g lass  
d i s t i l l e d  water. To study the migrat ion of the metals 
in food simulants the u tens i l s  were boi led for  one hour 
in d i s t i l l e d  water ( R e d i s t i l l e d  water prepared by 
m i l l i p o r e  apparatus), 5% acet ic  acid (m/v prepared in 
d i s t i l l e d  water), 5% sodium carbonate (m/v prepared in 
d i s t i l l e d  water) in a glass beaker. The quant i ty  of 
food s imulant  was t h r i c e  to  the volume of u t e n s i l s .  
Simultaneously corresponding blanks were also prepared 
by bo i l i ng  the food simulants in glass beakers in an 
i d e n t i c a l  way. The leaching in  d i f f e r e n t  food v i z .  
m i lk ,  cof fee,  tea, p i c k l e ,  f r u i t  j u i c e  was s t u d i e d .  
Mi lk,  tea, coffee, were prepared in u tens i l s  fo l lowing 
d o m e s t i c  p r o c e d u r e s .  The c o r r e s p o n d i n g  c o n t r o l s  were 
p r e p a r e d  i n  g l a s s  c o n t a i n e r s ,  The mausami f r u i t  j u i c e  
samples a f te r  ex t rac t ion  were kept for  three hours in 
tes t  u tens i l s .  The curd or p ick le  50 g was kept for  
two hours in the tes t  u tens i l s .  The required quant i ty  
of  a l l  the food s imulant  and of  food samples were 
digested in n i t r i c  acid and perch lor ic  acid except the 
p i ck l e  which was dr ied  in oven and ashed in mu f f l e  
furnace. The digested samples were made to des i red  
volume in I% n i t r i c  acid to get the content of Ni, Cr 
and Fe w i t h i n  de tec t ion  l i m i t  of Atomic Absorp t ion  
Spectrophotometer. The s e n s i t i v i t y  of Atomic Absorption 
Spectrophotometer for  Fe, Cr and Ni in so lu t ions were 
0.12, 0.1 and 0.15 ug/ml respect ive ly .  The recovery 
percentage of these metals from the f o r t i f i e d  samples 
under the present set of the experimental condi t ions 
ranged between 90-100%. The ac tua l  con ten t  of the 
metals migrated in d i f f e r e n t  food/food simulants were 
obtained by substract ing the values of metal contents 
of experimental with those of the cont ro l ,  pH of the 
food simulants and food mater ia ls were measured on a 
d i g i t a l  pH m e t e r ,  model Scientronic SDPH-200. 

RESULTS AND DISCUSSION 

T a b l e  I shows t h e  pH o f  v a r i o u s  f o o d  s i m u l a n t s  and f o o d  
m a t e r i a l s  t e s t e d  f o r  l e a c h i n g  o f  Fe, Cr ,  Ni f rom 

Table I .  pH of food simulant8 and food mater ia ls 

D i s t i l l e d  w a t e r  7 .00  
5% Sodium c a r b o n a t e  11 .50  
5% A c e t i c  A c i d  2.11 
Tea 6 .65  
C o f f e e  6 . 5 0  
M i l k  6 . 8 8  
Curd 4 . 3 0  
F r u i t  j u i c e  4 . 2 0  
Lemon p i c k l e  2 .55  
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sta in less steel u tens i l s .  The amount of Fe, Cr and Ni 
leached out in food simulants is shown in Table 2. Fe, 
Or and Ni were found to leach out in a l k a l i n e  (5% 
sodium carbonate) and acidic (5% acetic acid) medium 
whi le none of these metals leached out in d i s t i l l e d  
water. The leaching of Fe, Cr and Ni was also observed 
in ac id ic  and a l k a l i n e  food s imu lan ts  f o l l o w i n g  the 
repeated ex t rac t ion.  The leaching of Fe, Cr and Ni was 
observed from the old as well as new utens i ls  in acidic 
and a lkal ine food simulants (Table 2 and 3). 

Table 3. Leaching of Fe, Cr and Ni from household used 
u tens i ls  in food simulant solvents (ug/ml) 

Food Utensi ls Fe Cr Ni 
simulant 

5% Sodium Tumbler 0.04 0.06 0.045 
carbonate Bowl 0.08 0.012 0.015 

5% Acetic Tumbler 0.02 0.07 0.036 
acid Bowl 0.02 0.03 0.013 

A l l  v a l u e s  a r e  mean o f  t h r e e  s a m p l e s .  

T h e  l e a c h i n g  o f  t h e  Fe w a s  o b s e r v e d  i n  a l l  f o o d  
materials (Table 4). Ni was found to leached out in 

Table 4. Leaching of Fe, Cr and Ni in food materials 
from utens i ls  

Food Utensi ls Fe Cr Ni 
Materials 

Curd New tumbler 0.188 0.038 0.100 
(ug/gm) New bowl 0.255 0.420 0.164 

Old tumbler 0.630 0.029 0.219 
Old bowl 0.255 0.109 0.168 

F ru i t  New tumbler 0.280 ND 0.09 
ju ice New bowl 1.76 ND 0.15 
(ug/ml) Old tumbler 1.70 ND 0.07 

Old bowl 1.50 ND 0.06 

Lemon New t u m b l e r  1 .31 0 . 2 4 7  0 . 1 3 6  
p i c k l e  New bowl 0 . 5 7  0 . 1 9 6  0 . 1 3 6  
( u g / g m )  O ld  t u m b l e r  0 . 5 6  0 .131  0 . 5 4 0  

O ld  bowl  1 , 6 8  0 , 2 7 3  0 , 4 1 0  

Milk New tumbler 0.105 ND ND 
(ug/gm) New bowl 0.070 ND ND 

Old tumbler 0.030 ND ND 
Old bowl 0.035 ND ND 
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Tea New tumbler 0.152 ND ND 
(ug/ml) New bowl 0.103 ND ND 

Old tumbler 0.065 ND ND 
Old bowl 0.050 ND ND 

Coffee New tumbler 0.161 ND ND 
(ug/ml) New bowl 0.085 ND ND 

Old tumbler 0.052 ND ND 
Old bowl 0.062 ND ND 

Al l  values are mean of three samples. 
ND = Not detected. 

curd, pickle,  f r u i t  ju ice.  No leaching of the Cr and 
Ni was observed in milk, tea and coffee. Fe leached 
out in a l l  the food substances. As evident from the 
table that  Ni and Cr appear to leach out in foods of 
comparatively high acidic while the Fe leached out even 
in s l i g h t  acidic foods (tea, coffee and mi lk) .  

There are many f a c t o r s  which p robab l y  e f f e c t  the 
release of Fe, Cr and Ni in food. These w i l l  include 
s t a i n l ess  steel  surface area of con tac t ,  phys ica l  
na tu re  of s u r f a c e  area,  pH of food p r o d u c t s , i t s  
temperature, time and contac t ,  a g i t a t i o n ,  chemical 
composition of steel  a l l o y  and presence of o rgan ic  
chelating const i tuents l i ke  c i t r i c  acid, t a r t a r i c  acid 
and o x a l i c  ac id  (Joe l  K u l i g o w i s k i  e t  a l . ,  1992; 
Of fenbacher  e t  a l . ,  1983; Ohkutso e t  a i . , 1 9 8 3 ;  
Stoewsand et a l . ,  1979) in food. The presence of 
organic chelating agent in curd, lemon pickle and f r u i t  
j u i ce  could be a reason for  the observed increased 
l each ing  of meta ls  in these food subs tances .  Our 
observations support the views of others who reported 
the leaching of const i tuent  metals from the u tens i ls  in 
food (Joel et  a l . ,  1992; Offenbacher et  a l . ,  1983; 
Stoewsand et a l . ,  1979). Al though,  Fe and Cr are 
considered to be essent ia l  t race  elements, excess 
exposure to Cr is known to cause dermat i t is ,  bronchial 
asthama and ulcer and Ni is a tox ic  element and has 
been reported to exert var ie ty  of disorders even cancer 
(Krishnamurti et a l . ,  1991). The uptake of the Fe, Cr 
and Ni i s  15084 u g / d a y ,  602 .36  u g / d a y ,  246.1  u g / d a y ,  
r e s p e c t i v e l y ,  f r om  t h e  d i f f e r e n t  s o u r c e s  o f  f o o d ,  w a t e r  
and a i r  ( B u h l e r ,  1 9 7 3 ) .  T h u s  t h e  s t a i n l e s s  s t e e l  
u t e n s i l s  may p u t  r e a s o n a b l e  amount  o f  Fe and Cr t r a c e  
e l e m e n t  i n  d i e t .  The c o n c e n t r a t i o n  o f  t h e  Ni l e a c h e d  
o u t  i n  f ood  p r o d u c t s  p r o b a b l y  do n o t  c o n s t i t u t e  h a z a r d  
t o  consumers  as t h e  amount o f  Ni l e a c h e d  o u t  t h r o u g h  
u t e n s i l s  i s  l o w e r  t o  t h a t  o f  recommended v a l u e s  ( 0 . 0 2  
mg /day )  o f  EPA (US, 1991; EHC, 1991) c o n s i d e r e d  t o  be 
s a f e  f o r  human consumer  p r o t e c t i o n .  However ,  i f  i t  i s  
n e e d e d  t h a t  s t a i n l e s s  s t e e l  u t e n s i l s  s h o u l d  n o t  
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cont r ibute  t ox i c  metal Ni to d ie t ,  the cooking/stor ing 
of a c i d i c / a l k a l i n e  food in s ta in less  steel cookwares 
may be avoided or discouraged, Attempts should be made 
to develop s t a i n l e s s  s tee l  u t e n s i l s  devoid of  i t  or 
contain very low percentage of Ni. The resu l t  of 
the present study suggest that small quantities of Fe, 
Ni and Cr leach out in acidic and alkaline food during 
the cooking and storage. 
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