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Contents of heavy metals [mercury (Hg), lead (Pb), cadmium (Cd), and arsenic (As)] in 218 samples including
soybean curds (n = 138), processed bean curds (n = 37), starch jellies (n = 33), and mixed starch jellies (n = 10)
were determined using mercury analyzer, atomic absorption spectrophotometer (AAS) or inductively coupled
plasma spectrometer (ICP). Ranges and means of heavy metals in soybean curds and starch jellies were as
follows [min-max (mean) values]: soybean curds - Hg 0.1-8.2 (0.3), Pb not detectable (ND)-203.9(23.3), Cd ND-
46.0 (8.1), and As ND-61.3 (0.7) µg/kg, starch jellies - Hg 0.1-1.3 (0.3) µg/kg, Pb ND-90.2 (22.4) µg/kg, Cd ND-
31.0 (3.7), and As ND-23.6 (1.1) µg/kg. Daily intakes of Hg, Pb, and Cd from soybean curds and starch jellies
were 0.001-0.3% of Provisional tolerable weekly intake established by FAO/WHO.
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��� ���� �� ���� �� ���� ���� ��

� ��� �� ��� �� ��. ��� ��� ��� ��

��, ��, �� �� ���� �� ���� ��� ���

�� �� ���� ��. �� ����� ����, ���
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1974� FAO/WHO ������� ����� �� ���

����(Chemical contaminant) � �� ��� ������

��, �, ���, �� �	 �� ��� ��� �����,
�� 	���� ��� ������� ����	 ����

��� ��	 
� ���
�.
�� UNEP(United Nations Environment Programme)� ��

��� GEMS(Global Environment Monitoring System)� ��

� FAO/WHO �� ������ ������� ��	��

��� 	
� ��� � ����� 	�� �� ��� �
�, ���� �� �� ��	 ��	��� ��� ����

� �� ��	 �	�� ��. �� ��� �� �� FAO/
WHO �� �������(The Joint FAO/WHO Codex Ali-
mentarius Commission)� ���� ��� ����� ���

�	 �� ���� ��	 ���� ��(3).
������� ���� ���, ��� � �� �� ��

� ��� 	�� �� ��� ��� ���	�� ����

��, �� � ����� ���� ��� � ��(4-9). ��

� ��� � ��� ��� 	� ��� ���� �� ��

� ��� ��� �� 
� � � �� ���� �� ��

� ������ �� 
� ����.
��� � ����� ���� 
��� �� ��� � �

� ��� ��� 	�	 ���� �� ��� ���	 �
���� �
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curds) 37�, ���� �� �	��(starch jellies) 33�� ��

�� 	���(mixed starch jellies) 10� � � 218�� 
��

��� 
 ���	 �� ����� ����� 
�� ��

���� 
 �
� �
�
�.

�� ��

�� ��

� ���	�

 ���
(Wako Pure Chem-
ical Industry Ltd., Japan)	 �
�� 0.001% L-����

�

� �
�� �
�
�. �� ��
 ��� ����� ��

���
�(Nakari Chem. Ltd., Japan) � �� �����

(Nakari Chem. Ltd., Japan)� �����(Nakari Chem. Ltd.,
Japan)	 1 : 1(w/w)� 	�� �	 800oC�� 2�� ����

� 
, ���� �
�
�.
��(Hg) 	�� ������	��(combustion gold amal-

gamation method)� ����(10) Table 1� ��� �� Mer-
cury analyzer(SP-3D, Nippon Instrument Co., Japan)� �
�

� �
�
�.

�, ���, �� ��

�(Pb), ���(Cd), ��(As) ��
 ���� ��(Dong
Woo Fine Chem. Co. Ltd., Korea) � ��(Dong Woo Fine
Chem. Co. Ltd., Korea)	 �
�
�. �� ��

� 	 �
��� ���	�

 ���
(Wako Pure Chemical Industry

Ltd., Japan)	 �
�� �� ��� 0.2% ��, ���� 0.3%
�� 

�� �
�� �
�
�. ���� ��� 
 ��

	 ���� � ���� �
�
�.
�
	 ���� �� ���	 �� ��, ��	 ����

��� �� �����
�. ���� �


� Table 2�
��� �� ���� Inductively coupled plasma spectrometer
(Model MX2, GBC Co., Australia)� �� ��� Graphite-
AAS(Model 5100 ZL, Model FIAS 400, Perkin Elmer Co.,
USA)� ���
�.

�� � ��

�� ��

��� ���� �� ���� 
� ���� �� �
�

� �� �� �� �� ����(11). ��� �	��� ��
��� ��, �
��, ��, ��, ���, �� �� �	 �
��� �� 	�� �� �� ��� 
�� ����� �
�� ��, �� �	 
�� � ��(12). � ��� �
�

���� �� 	�� Table 3� �� �� � 0.3 µg/kg� �
���� ��������� ��� ��� �� 	�(5 µg/
kg)�� �� ����(13). ��	 	���� �� 	�� 0.2-
0.4 µg/kg�� ���	 ��� ���� ����.

Table 1. Operating condition of mercury analyzer

Classification Heating condition Standard solution (10 ng/mL) Samples

Sample amount 50, 100, 200 µL 100 µL
Mode selector 1 2

1st step 1 min 10 min
2nd step 4 min 6 min

Additive Unnecessary *M+S+M+B+M or B+S+B+M 

Washing liquid Distilled deionized water
Measuring range 2 ng

Combustion gas flow 0.5 (L/min)
Carrier gas flow 0.5 (L/min)

*M; Sodium carbonate anhydrous : Calcium hydroxide = 1 : 1 (w/w).
B; Aluminium oxide anhydrous. S; Sample.
Solid sample; M+S+M+B+M. Liquid sample; B+S+B+M.

Table 2. Operating conditions of ICP and AAS

ICP AAS

Classification Condition Element Classification Condition

Pb1)

Wavelength (nm) 283.3
Low slit (nm) 0.7

Wavelength (nm) Cd: 214.438 Temperature (oC) 
pyrolysis 900
atomization 1600

Sample gas flow (L/min) 0.5

As2)

Wavelength (nm) 193.7
Plasma gas flow (L/min) 11.0 Low slit(nm) 0.7
Auxilary gas flow(L/min) 0.9 Temperature (oC)

pyrolysis 1200
atomization 2000

1)Chemical modifier: 0.05 mg NH4H2PO4 + 0.003 mg Mg(NO3)2.
2)Chemical modifier: 0.005 mg Pd+0.003 mg Mg(NO3)2.
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� ��

�� ����� ���� ��	��� �� ���� �
��� � ��	 ���� ��	 ���� � �
, ���

�, �
� ���� ��� ��� � �� ���� �� 	
���� ��, ��, ���
�, ��
�, �� �� ���

�, �� 	������ ����, 
�, ����, ��, ��


� �� ��(14).
� ���� ��� ��� � ��� � 	�� Table 4�

��� ��. ���� �� � 	�� � 17 µg/kg��, ��

���� � 39 µg/kg�� ����� �� � 	�	 ���

	�. � ��� �
� ��� �� ��	�	 ��� � �
�, ���� � 85%, ������ 55%, ��� 89%, 	��

�� 93%� ���, ������ �� �	�� �� ���

��	� ��� �� ��� �� �� ��� ���.
�� �� ����� ��, 	��� �� �� �� � �

��� 	�� ��� � �� ��� ����. � ��� �

� ���� ��	�� �� ���� ���	� 
��


�(15). � ���� �
� ���� �	� ��� ���

������ ��� ��	 ���
�(13). ��� �� �
	�� � 22 µg/kg�� �����, �	��� 	���� �
	��� 
��� ��� 
	�.

��� ��

�� 40� ��� ���� ��, 
�, 
��� �	 
�

�� ��� ��	 �� ���� ��, ��, �� ��� �
�� ��	 ���� ��� �
�� ���� ���� �
�� ��	 ��(16,17).
� ���� ���	 ��� ��� 	�� Table 5� ��

�	�. ���	 ������ ��� 	�� � 8-9 µg/kg�
� ��� ���	�. � ����� ��������� �
�� ��� ��� 	�(9 µg/kg)� ���
�(14). ��� �
�� ���� ��� ��� ��� 	�� 19 µg/kg�� �
���� �� ���(18). �	�� � 	���� ��� �
� 	�� � 4 µg/kg�� ��� ��� ��� �� 
	�.

�� ��

��� ���� ���� ��, ����� ���� ��

�� ���, ���� ���� ���, ��� ��� �


�� ��� �� ���� �� ��� ���� ��� �
�� 	
�� ��(19).
���	 ��� �� 	�� Table 6� �����, ���

� ���� ��� ��	�� � 0.8 µg/kg�� ����� �
� ��������� ��� ��� �� 	�(6 µg/kg)��

���(14). � ��� �
� ���� � 1 µg/kg� ��� 	

�� �	�� 	� ����� ��� �
 
��� ���.

��� � ��� �� ��� ���

2001 ������ ������(20) ��� ���� ��

Table 3. Range and mean values of Hg in various soybean curds and starch jellies consumed in Korea (Unit: µg/kg)

Samples No. of Samples Mean value Minimum value Maximum value

Soybean curd 138 0.3 0.1 8.2
Processed soybean curd 37 0.3 0.1 1.0
Total 175 0.3 0.1 8.2

Starch jelly 33 0.2 0.1 1.0
Mixed starch jelly 10 0.4 0.2 1.3
Total 43 0.3 0.1 1.3

Table 4. Range and mean values of Pb in various soybean curds and starch jellies consumed in Korea (Unit: µg/kg)

Samples No. of Samples Mean value Minimum value Maximum value

Soybean curd 138 17.1 1)ND1) 203.9
Processed soybean curd 37 38.6 ND 149.6
Total 175 23.3 ND 203.9

Starch jelly 33 22.7 ND 90.2
Mixed starch jelly 10 21.4 8.8 62.1
Total 43 22.4 ND 90.2

1)ND: Not detected (Pb�1 µg/kg).

Table 5. Range and mean values of Cd in various soybean curds and starch jellies consumed in Korea (Unit: µg/kg)

Samples No. of Samples Mean value Minimum value Maximum value

Soybean curd 138 7.8 1)ND1) 46.0
Processed soybean curd 37 9.4 ND 39.3
Total 175 8.1 ND 46.0

Starch jelly 33 3.6 ND 30.8
Mixed starch jelly 10 4.0 ND 11.9
Total 43 3.7 ND 31.0

1)ND: Not detected (Cd�0.1 µg/kg).
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� ��� � �� 	��� 1� 1�� 24.2 g, 1.9 g�� ��

���, �� �
�� � ���� ��	 ��� � �� �
��� �� 	�	 ��� ��� �� 	��	 ���
�

(Table 7). Table 7�� �� �	 �� ������ 
���

������ 	��� ���	�� FAO/WHO�� ���

�� ��	�

�� PTWI(Provisional Tolerable Weekly
Intake)	 ��� ���� �� �� 0.02%, � 0.3%, ���

0.3%�� ��� �� �� 0.001%, � 0.02%, ��� 0.01%
�� �� �� ���	 � � �	�.

� �

� ��� �� 
��� �� ��� � 175��� �� �
43�� ��� 
������
 �	�(ICP), ���		��

(AAS), ���
� �	 �
�� �, ��� � ��� 	�

	 ���
�. ��� � ���� ���, ��� � ���

� �� 0.1-8.2(0.3) µg/kg, � ND-203.9(23.3) µg/kg, ���

ND-46.0(8.1) µg/kg, �� ND-61.3(0.7) µg/kg�� ����. �
� ��� ��� 	�� �� 0.1-1.3(0.3) µg/kg, � ND-
90.2(22.4) µg/kg, ��� ND-31.0(3.7) µg/kg, �� ND-23.6(1.1)
µg/kg�	�. � ����, ���� ��� ��� � ���

�� ��, �, ��� 	��� FAO/WHO�� ��� ���

�	�

�� 		 � 0.02% 0.3%, 0.3% ��� �� ��

���	�.
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