
� �� �

�������	���
��
������
���������������
����� !"

#	� 21$ 4% 13&'
(

) � * +1, � � 
 , -1 � . / �2 0 1 � -2

Study of Relationship between Consumption of Potassium Permanganate and
Total Organic Carbon on Plastic Kitchen Utensils, Food Packages and Toys

Hiroyuki O=CD1, �, Masako SJOJ@>1, Motoh MJIHJ<62 and Yoko K6L6BJG62

1Nagoya City Public Health Research Institute: 1�11 Hagiyama-cho,
Mizuho-ku, Nagoya 467�8615, Japan;

2National Institute of Health Sciences: 1�18�1 Kamiyoga, Setagaya-ku,
Tokyo 158�8501, Japan; � Corresponding author

Consumption of potassium permanganate and total organic carbon (TOC) were investigated
as indices of total organic matter migrated into water from plastic kitchen utensils, food packages
and toys for children. The samples were soaked in water at 60 or 952 for 30 min for kitchen
utensils and food packages, and at 402 for 30 min for toys and the eluates were examined, using
the two indices. The quantitation limits were both 0.5 mg/mL. Among 97 kitchen utensils and
food packages tested, consumption of potassium permanganate and TOC were 0.5�10.9 mg/mL
and ND�18.9 mg/mL for polyvinyl chloride (PVC) tea-pot spouts and nylon kitchen utensils,
respectively. Among 32 toys tested, the levels were 0.8�45.5 mg/mL and 0.5�8.9 mg/mL from PVC
toys and block toys made by ethylene vinyl acetate resin. The levels for other samples were very
low. There were large discrepancies between consumption of potassium permanganate and TOC
for some PVC products and nylon kitchen utensils. The cause may be a marked di#erence of the
oxidation decomposition rate by potassium permanganate, depending on the kind of organic
matter that migrated from the plastics3
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�0	�1�,�2#���$ -# 14.�3/4
567�8�� TOC��0"#� 9:;<;1=>?@
23�!45�&+��67���A+�8B"#��3$
A#�9C�� -# 15.:���;D<�B="#� -
# 17. 4E��9:;<;1=>?@23��4FG�
TOC��;D<H��>I"#��4$ D<?%@A 5

mg/LJK��G��� -# 21.�� 3 mg/LJK�L
�KM2#��5$
NOPBNCD8�QRO�8C� TOC!��%� S
@ENO1), 2)�TUVUFG,CDH3)!8B���!W
���� XY�Z+[ \F#����$ 'A�X]�
I^!_#JKENOPBNCD8�QRO�LM�� '
#`#!9:;<;1=>?@23�8�Q TOC�+

�� NO!?�Pa��!�8B��$

� � � �
1. � �
2006b2007.�QcdRS!TUV� e2WfY�
%g���NOPBNCD 97�X8�QLM.Y 6Z[
\!]^_,RO 32�X�,��$ S`%� NOPBN
CD�h>ijT; (PS)EG 18�X� h>kjT;
(PE)EG 15�X� h>lmnoV (PVC)EG 13�X�
h>pqrT; (PP)EG 11�X� stq; (PA)EG 7

�X� uv>qoU>VPwxyk;PijT; (ABS)

JK8�Qh>kjT;zT{xT|U (PET)EG} 6

�X� kjT;Pa1noV (EVA)JK� h>=|~
�|U (PC)8�Qh>�xv>V1�jV (PMMA)EG
} 4�X� uv>qoU>VPijT; (AS)JKEG 3

�X� h>lmno>�; (PVDC)8�Qh>�jV�;
z; (PMP)EG} 2�X� h>�V�; (PSU)8�Qh
>�xv>VijT; (MS)EG} 1�X!_� 97�X�
RO� PVCEG 12�X� PEEG 6�X� EVAJKE
G 5�X� PPEG 3�X� PS,ABSJK8�Qb*S@
(NR)EG} 2�X!_� 32�X���$

2. ��	
��
��
0.05 mol/L��?1sU>?@c�8�Q 0.02 mol/L9

:;<;1=>?@c�� B�de,� f�gh�����E

�3 -# 14.�3/4567di678Bj �WHO�k��
;<t��t;�lm�L����n�8C�m5�;m�
���67� (2003)

�4 3/opqrs 101� ��nD<����qr� -# 15.
5E 30t (2003)$

�5 3/opqrs 174� ��;D<����qr!�u���
��qr� -# 20. 12E 22t (2008)

0.005 mol / L��?1sU>?@c�8�Q 0.002

mol/L9:;<;1=>?@c�� 0.05 mol/L��?1
sU>?@c�8�Q 0.02 mol/L9:;<;1=>?@
c���E�� 10v�w��$ ,x+E$
{xV1��=>?@� y�� s=�tziv���E
TOC&<��� �2e�� 120�� 1x�Iz�� �
��|x��{|��{xV1��=>?@ 2.125 g��
E��ce�� 1,000 mL+�� ���}�+�� 1,000

mg/mL�$
TOC&<c�� TOC&<���7 �E���w��
��}�+�� 0.1b50 mg/mL+���¡�+E��$
,x+E$

3. ��	
���
TOC�� TOC-V CPH �1md¢�~� ��1m~�
�1m�� (CO2)��� �d�£�¤�<i���� ���
��E��E
¥¦��� WH-10-CP£� ���§��¨E
4. TOC������
�k���� 500 mL� ��1m��� �© �ª«��
�,�� ��¬¦�� 680�� ­®��� 150 mL/min�
�®x�� 1.5d�

5. �������
�k������G�¯� $�� 1 cm2@�� 2 mL

!°_!�E��,�� NOPBNCD�% 60� ��u
!�k% 95��� RO�% 40��'#`# 30d���
�� �±c�+��$ �±c�% 24x�JS�9:;<
;1=>?@23�8�Q TOC!���²��$ �³
�� �´p{µV@�¶��%���,�������A
+%·¸2#����� �,���_F¹�����\F
�eG�$

6. ����� !"#$%&'���
�±c� 100 mL�,�� NOPBNCD!B=��
<������$ �³�� RO 7 �~|V� �¶��%9
:;<;1=>?@23��ªeG�A+e2�±c�
50 mL��E�� 100 mL��w��	!�,����
��$

7. TOC���
�±c�� 1 mol/Ll1�I¸� pH 2b3+��¯�
ªg�­®��®���±c�e2�
����f��1
�m�®����������\G�$  ��� �
��
��f"#��±c��ª¦!�©���¡¢����¬
�£��� �±c��!�
��(#����� CO2�
1m�� /#�� CO2��d�£�¤�<i�����
���� TOC�º��$ OX��¤�¥¦+��%� :
»�´Uix|�|��#� 40 mL�;pV¼tuV�
�±c��I¸� §½�¨©�� A#� TOC�����
�$ '!¯!l1ªI� �®��� �k��� ��1m8
�Q CO2��%)«�\G�$
���%� ��}�+�� 0.5b50 mg/mL! TOC&
<c������ ¬2#�r|v���,��­L���
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()*+
�"#��,� ���'-��./�0�	�"��1�
���� 2�� ��
 3�!$"4"� 1252.��
��#������$�%� $�%6$0�� 7�
&8
�./'()��
*+�$����$� 9:;<=,-
�>?@AB
���$������.C��D�� ��
$��� /�E"
�����
�� ����
�E�F�
���GH���I'�0 CO2./
1
��23
��$0J!��,� TOC K,��
1�
��4 56!�78$#�� L
�����M�NO�
����9P:!�$#�� 
�
� �E�F
;���
1���
4 L�Q�R<�*+�� L
MS� TOC

 K,���"#�$� ;���1���
=��*+T
M$U2���,� 1���$>% TOC$?.�@V�

AO.TM BW�+��$#�� 7�
� �E�F 
9P:!��1��� 6X�� �E�F�Y�����

Z CD*+!���"#�� TOC�.C�1���
$��@V�*E)�%*+"O�� [
��
9P:!

\�]F��	*G^�_`��+��$#��,� ]
F���� >%Ua���
$1.�� V�bcHIS
��)!�]F����4
?.%� L
J_$ TOCd
Ke�fg
hL"#��ie����,� /�E"
�
��9P:!� j����

2. TOC�
���������
'()Mk
 TOCNl�F 0.1, 0.2, 0.5m�n 1.0 mg/

mL ��� o()�m�� 5pq�O�*+ r���
[s� o()
PQtR
 28.5, 9.2, 1.6m�n 0.4u "
#��� v\
�E�F"
� S)�	./
fg w�
�*+E)$'x!�+��$#��,� TOC
+4y
z
� [
�{.@V T+� 0.5 mg/mL����
L["� TOC$.|U'�V }��v��
�E�
F ��� 5pq�O�*+ r��� ~��"~W�
"
 TOC$ 0.5�0.9 mg/mL }�� 5(X �No. 32,

64, 66, 70m�n 78�� ��"
 0.5�1.2 mg/mL }�
� 7(X �No. 1, 3, 20, 21, 23, 31m�n 32� ����
(Y��� L
��� o�E�F
PQtR
~��"~
W�"
 2.5�5.9u� ��"
 0.2�6.3u "#�� 0.5

mg/mLZ�
'()Mk"*[�.���$\����
2�� (4]
��()��� 0.5�50 mg/mL
0�
%6"[�.C]� }�� �p*+���E�F
��
�*��^� r{78
.S���

3. ���������������

~��"~W�
�������@AB_`4
*+

�r
�}��lW��E�F 100 mL ���r���
��� ��
�}�"
� �E�F 50 mL �" 100

mL�����*
 ���[��.����$�6� �p

"O�y�'()2"a��*+!��,� ~��"~
W��Gb��E�F 100 mL ���r��� ����
*+V$ 40 mg/mL &e� No. 7����
c�
�
�^� r��*+���
�������@AB_`4
+4yzV
� ��(�
"
 0.002 mol/L�������@AB�F
�de+
4 0.05 mL�fg!� 0.2 mg/mL�h+1����� �
S�� ~��"~W�m�n��
�E"
� /�EVS
���EV M�N%78$#�� [
=��TM$U2
���,� M�NO!�[�������AO.TM B
W'!�� [
�,� /�E"
�������@AB_
`4
+4yz
ij Z� 0.5 mg/mL$kg�lm�
��

4. � ��

~��"~W� 97(Xm�n�� 32(X
*+��
 Table 1 m�n 2�}���

1) !"#$!%&
PVCH�n�m�n> ¡�H~� 6%�����
�
� �������@AB_`4� TOC�*�¢�£
/$ 1 mg/mLGx"#�� �S*L
{¤
o 85u $
+4yzpq"#��� `�S� EVAbcH 0"~

¥ 2(X"�������@AB_`4$ 1.3m�n 1.9

mg/mL, PEH¦§¨�r 1(X" TOC$ 1.5 mg/mL 
}��$� 2 mg/mLGc
*

©1"#�� [��

��S��)!����4
ª,�'()"#�[�$�
s1���

PVCH�n�"
� �������@AB_`4
 5

(X� 3(X" 1.0 mg/mL &e� No. 65, 66m�n 67


V
L�Q� 8.9, 1.2m�n 1.9 mg/mL"#��� t
�� No. 65"
«¬V
%6u"
#��$��V }
��� ��� [��
��
 TOC
L�Q� 1.6, 0.7m
�n 5.7 mg/mL"#��� No. 65�� No. 67
¢{$
��V }�� �������@AB_`4
V�
­
.��®¯$s,���� [
[���� No. 65� 67S
��)!����
°v
­.��w±1���
> ¡�H~� 7(X"
� �������@AB_
`4$ 0.9�10.9 mg/mL, TOC$ 2.9�18.9 mg/mL }
��� No. 95
²³ O� 6% 6(X
���*��
�����@AB_`4��* TOC
¢{$�%� t
�� No. 94
�������@AB_`4$ 1.6 mg/mL

"#��
�#�� TOC
 18.9 mg/mL�xy���V
 }��� ��� No. 95��
�������@AB_
`4$10.9 mg/mL�«¬V &e�
�#��TOC


�6 ´Bz{|�}} 201µ ¶~I� �·��
«¬¸l
��
¹a����º �� 18� 3» 31� (2006)
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Table 1. Consumption of potassium permanganate and TOC of the extracts from kitchen utensils and food packages

Sample
No.

Product Material
Consumption of potassium

permanganate (mg/mL)
TOC (mg/mL)

1 Bucket (Chinese noodle) PE ND ND
2 Pouch packaging PE ND ND
3 Bottle (Sauce) PE ND ND
4 Plastic bag (Pork) PE ND ND
5 Plastic bag (Cooking oil) PE ND ND
6 Plastic bag (Cooking oil) PE ND ND
7 Plastic bag (Orange) PE 0.5 ND
8 Plastic bag (Orange) PE ND ND
9 Plastic bag (Cheese) PE 0.8 1.5

10 Plastic bag (Home use) PE ND ND
11 Plastic bag (Home use) PE 0.5 ND
12 Plastic bag (Home use) PE ND ND
13 Plastic bag (Home use) PE ND ND
14 Wrapping film PE ND ND
15 Wrapping film PE ND ND
16 Lid (Lunch box) EVA resin 0.6 ND
17 Lid (Storage container) EVA resin 1.3 ND
18 Lid (Storage container) EVA resin 1.9 ND
19 Lid (Storage container) EVA resin ND ND
20 Lid (Lunch box) PMP ND ND
21 Wrapping film PMP 0.5 ND
22 Tray (Lunch) PP ND ND
23 Tray (Lunch) PP ND ND
24 Tray (Lunch) PP 0.5 ND
25 Lunch box PP ND ND
26 Tray (Rice) PP 0.5 ND
27 Storage container (Salad) PP ND ND
28 Cap (Soy sauce bottle) PP ND ND
29 Storage container (Ham) PP ND ND
30 Container (Tofu) PP ND ND
31 Container (Bread) PP ND ND
32 Small plate PP ND 0.9
33 Tray (Sushi) PS ND ND
34 Tray (Sushi) PS ND ND
35 Tray (Meat) PS ND ND
36 Tray (Meat) PS ND ND
37 Tray (Japanese cake) PS ND ND
38 Tray (Japanese cake) PS ND ND
39 Tray (Lunch) PS ND ND
40 Tray (Lunch) PS ND ND
41 Tray (Lunch) PS ND ND
42 Tray (Daily dish) PS ND ND
43 Tray (Daily dish) PS ND ND
44 Tray (Tempura) PS ND ND
45 Tray (Shrimp cracker) PS 0.5 ND
46 Tray (Lemon) PS ND ND
47 Tray (Curry) PS ND ND
48 Cover (Tray for daily dish) PS ND ND
49 Cover (Tray for daily dish) PS ND ND
50 Lid (Lunch tray) PS ND ND
51 Shaker (Yoghurt drink) AS resin ND ND
52 Co#ee dripper AS resin 0.5 ND
53 Measuring cup AS resin 0.5 ND
54 Measuring cup ABS resin ND ND
55 Disposable cup ABS resin ND ND
56 Lunch box ABS resin ND ND
57 Lunch box ABS resin ND ND
58 Ice cream baller ABS resin ND ND
59 Measuring spoon ABS resin 0.5 ND
60 Container (Jelly) PVC ND ND

��������	
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2.9 mg/mL������� 	
��
��������
�� No. 95����������	
��
�����
��� !"#�$%&'()�*+,-��

2) ��
PVC�./"�� 120123456)478�9�:
;<=>?@A' 0.8B45.5 mg / mL, TOC' 1.1B8.9

mg/mLCD��� E5� No. 7
FGH�78�9�:
;<=>?@A' 45.5 mg/mL, TOC' 8.9 mg/mL�)
I-J./K1"L(MCD��� �N�� O
78�9
�:;<=>?@A
M� PVC�./
PQM (50 mg/

mL)RS��� T�UVW5�XY�4)�� Z[
+
\MC��2��� ]^ 401"�� No. 1B3
78�
9�:;<=>?@A� TOC�_`abcd"#��

'� No. 4Ne� TOC' 5.0 mg/mL"78�9�:;<
=>?@A
f 2.8g"#��� FGH 401"�� )I
-J78�9�:;<=>?@A
_h'(�� TOC

1.3B5.1g"#��� i�./ 401"�� No. 9B11�
TOC
_h'(�� No. 12Ne�78�9�:;<=>
?@A
_h'jk()MCD���

EVAlm�
n
op./"�� 50123456)
478�9�:;<=>?@A' 0.8B7.2 mg/mL, TOC

' 0.5B2.7 mg/mLCD��� )I-
qrJ TOCRS
78�9�:;<=>?@A
_h'(���� E5�
No. 196Rs 22�78�9�:;<=>?@A't-u
- 7.26Rs 6.5 mg/mL����(���'� TOC�v
5 2.7 mg/mLwx"#���

Table 1. (Continued)

Sample
No.

Product Material
Consumption of potassium

permanganate (mg/mL)
TOC (mg/mL)

61 Container (Cake) PVC 0.6 ND
62 Container (Tartar sauce) PVC 0.6 ND
63 Container (Salad) PVC 0.5 ND
64 Container (Cracker) PVC 0.5 0.6
65 Tea-pot spout PVC 8.9 1.6
66 Tea-pot spout PVC 1.2 0.7
67 Tea-pot spout PVC 1.9 5.7
68 Tea-pot spout PVC 0.8 ND
69 Tea-pot spout PVC 0.5 ND
70 Wrapping film PVC 0.5 0.5
71 Wrapping film PVC 0.5 ND
72 Wrapping film PVC ND ND
73 Wrapping film PVDC ND ND
74 Wrapping film PVDC ND ND
75 Co#ee dripper PC ND ND
76 Co#ee dripper PC ND ND
77 Container (Milk powder) PC ND ND
78 Feeding bottle PC 0.5 0.6
79 Storage container (Rice) PSU ND ND
80 Bottle (Beverage) PET ND ND
81 Bottle (Drinking water) PET ND ND
82 Bottle PET ND ND
83 Bottle PET ND ND
84 Bottle PET ND ND
85 Storage container PET ND ND
86 Soy sauce pot PMMA 0.5 ND
87 Salt and pepper shaker PMMA ND ND
88 Measuring cup PMMA ND ND
89 Storage container PMMA ND ND
90 Storage container MS ND ND
91 Ladle PA 1.1 3.7
92 Ladle PA 4.7 7.7
93 Ladle PA 1.6 18.9
94 Turner PA 1.2 3.7
95 Turner PA 10.9 2.9
96 Cake server PA 2.2 5.9
97 Paddle PA 0.9 3.7

PE: polyethylene, EVA: ethylene vinyl acetate, PMP: polymethylpentene, PP: polypropylene, PS: polystyrene,
AS: acrylonitrile styrene, ABS: acrylonitrile butadiene styrene, PVC: polyvinyl chloride, PVDC: polyvinylidene chloride,
PC: polycarbonate, PSU: polysulfone, PET: polyethylene terephthalate, PMMA: polymethylmethacrylate,
MS: polymethacryl styrene, PA: nylon
Samples were soaked in water at 60y for 30 min except No. 13, 23, 26, 32 and 41, which were soaked at 95y for 30 min.
ND: z0.5 mg/mL

TU{ Vol. 50, No. 5234



PE, PP���ABS����	 13
��
� 4
��
������������� 0.5 mg/mL������ �
 !
�������������� TOC"#$�%&
���'(� �)*+�,-�
./01234567
�8 9�� :;<��=>�
� �����������
��3 TOC#?@
AB7C� 1.1D1.9 mg/mL EF
�'G�8

5. ��������	
��
��� TOC���
HI JKLMNO�PNO�QR#�+3� STUS
���VS WXYZ [\� ������������
�3 TOC ]^
� US�
 y_0.30 x`0.35 (r 2_
0.632)� VS�
 y_0.47x`0.35 (r2_0.588)� W��

y_0.31x`0.57 (r2_0.735)32C7a	bcdefg3
]^^h�i/B702+�38 jd k	l
k�m��
��	 129
�#n20a�o ]^�Yp�3qr
(Fig. 1), y_0.24x`0.58 (r2_0.202)3c(� STUS�
��VSst ]^^h
i/B7cuG�8 v#� Hw
���x# PVC�yz{|}��k	 ~��
#�2

0�o ������2�x���AB7�8
9�� ��QR�
� ������ ���������
�������� ������{����� �����
���� ����{����� ������ ������
����S������  ���ct ¡ ��,¢�-
�£¤3�0� �������������3 TOC ¥
5$�uB��¦�§¨#£*+©��
ª�02+8 �
 [\� TOC 5$�
� ���#£�0������
��� 2«� ������{������ 1/2«�'G
�¬­
s®~¯�� #£�� �����������
���
���3~¯�� 
����� °�� � !

��� 1.5± ²����{����³ D 918± ²��
�����³ 3���@c+q3��67��38 9�� ´
�B
µ�¶��<�uB�)*+����������
������#�G0
s3·t�¢67c2q3��Q
�02+1)8 q �x#� �������������

TOC3
@c(� �,- ¸�#�G0
s3·t�¢
67c2a uB�¢67z*2a 9�¹¸¹��'

Table 2. Consumption of potassium permanganate and TOC of extracts from toys

Sample
No.

Product Material
Consumption of potassium

permanganate ( mg/mL)
TOC

( mg/mL)
Country Age

1 Doll PVC 0.8 1.1 China º3 years
2 Doll PVC 2.2 1.9 China º2 years
3 Doll PVC 0.9 1.2 China º3 years
4 Doll PVC 1.8 5.0 China º6 months
5 Ball PVC 3.1 2.3 � º3 years
6 Ball PVC 6.5 2.9 China º3 years
7 Ball PVC 45.5 8.9 China º3 years
8 Ball PVC 7.5 2.9 China º3 years
9 Animal toy PVC 1.6 2.6 China º3 years

10 Animal toy PVC 2.2 7.2 China º6 months
11 Animal toy PVC 2.2 4.1 China º6 months
12 Animal toy PVC 4.3 3.1 China º6 months
13 Animal toy PE ND ND China º4 years
14 Animal toy PE ND ND China º3 years
15 Ball PE 0.5 ND China º3 years
16 Food toy PE ND ND China º3 years
17 Toy block PE ND ND Japan º6 months
18 Toy block PE ND ND China º6 months
19 Toy block EVA resin 7.2 2.5 China º3 years
20 Toy block EVA resin 0.8 0.6 China º3 years
21 Toy block EVA resin 1.6 0.5 China º3 years
22 Toy block EVA resin 6.5 2.7 China º3 years
23 Toy block EVA resin 1.4 0.6 China �
24 Food toy PP 0.5 ND China º3 years
25 Food toy PP ND ND Japan º3 years
26 Food toy PP ND ND China º3 years
27 Toy block PS ND ND China º3 years
28 Toy block PS ND ND China º3 years
29 Toy bugle ABS resin 0.5 ND China �
30 Rattle ABS resin 0.5 ND China º4 years
31 Balloon NR 1.2 1.2 Malaysia �
32 Balloon NR 1.9 1.1 � �

PVC: polyvinyl chloride, PE: polyethylene, EVA: ethylene vinyl acetate, PP: polypropylene, PS: polystyrene,
ABS: acrylo- nitrile butadiene styrene, NR: natural rubber
Samples were soaked in water at 40» for 30 min.
ND: ¼0.5 mg/mL
�½ no indication
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Fig. 1. Correlation between consumption of potassium
permanganate and TOC
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