
―　1　―

Effect of Heavy Metals Concentrations of Water Used for Preparing Medium 

of Lentinula edodes and Grifola frondosa on Food Safety 

TOMIKAWA Yasuyuki and SONOYAMA Masayuki 



―　2　―



―　3　―

��������	
���������������������

���������� ���������!"���#�����$%�&

'(�) ��*�

�

�� �����

�	
����

+,-./01023+,-.451�����67

89 � :;<(*02167345167=�>
1?

@A3BC?!167DEBFG'(*H(�4516

7=�>
1?@A3B02167DEBFG'(*!

I!JKL��������M�1 �N# O1!8PQ<(?@A

=45167R ���ST�����N����T�����H�U<>V

WQ<(R�S OA= ��T���������T OA= ��TXY����

�3Z<[WQ<�\
]
02671 ��� O���# O

3^'(*�

_,-./01023_,-.`ab1�����6

789 � :;<(*02167=�>
1?@A3BC

?!1673cdef��&'(*H(�`ab167

=�>
1?@A3B02167DEBFG'(*� O

A=`ab167R ����X������� OA= ����������

3cdef��&'(R�# OA= ���ST������S OA

= ���T#�������T OA= ��#X������3WQ<�\


]
02671 g�T O�T�� O�#�g O3^'(*�

�	��

+,-.451�6789 � :;<(*^h��>


1?@A3B02167= ��#�����$i��4567

31jRklG'((m9no=;	^G'(*p?@

A145167= ����#N����S����1qr�st<�

�>
BC?!167DEBu[�C?!1678F[

���

���

���

���

���

���� ���� ���� ���� ����



�
�

�
�
�
�
��

�

�
�
�
�
�
�
�

����� �!"#

$� %&'()*+,-./01��

23)*453,-.

6789: ;<=>=?@ABC

�����

�����

�����

�����

���� ���� ���� ���� ����

�
�
�
�
��

�

�
�
�
�
�
�
�

����� �!"#

$D %&'()*+,-./EF��

53,-.

6789: ;<=>=?@ABC

���

���

���

���

���

���� ���� ���� ���� ����



�
�

�
�
�
�
��

�

�
�
�
�
�
�
�

����� �!"#

$� G&'()*+,-./01��

23)*453,-.

6789: ;<=>=?@ABC



―　4　―

<�B45167RWQvwx=ym^G'(*̂ h�

?@Az14567=02671 �����N���X� �&'

(*�

_,-.`ab1�67=��>
1?@A3B{|

}~������g���������&'(*�

�

D	HI�

+,-./01023+,-.451� 6789 #

:;<(*02167345167=!I!JKL

��������M�1 �NS O1!8PQ<(?@A�C?!1

67DEBF[��T OA1�C?!167:�<^G'

(*H(�45167=�>
1?@A3B02167

3cdef�3^E�� OA1 ���Y�����N�T OA1

���������oU<>VWQvwx8ym(*�

_,-.`ab1� 67=��>
1?@A3B{

|}~������g���������&'(*�

�

J	�K�

+,-./01023+,-.451!"6789 g

:;<(*02167=!I!JKL������g���M�1

�N# O1!8PQ<(?@A�C?!167DEBF

[�S OA3 �T OA=C?!167:�<^G'(*4

5167= �N� OARC?!167DEBF[�#N�T

OA=C?!167:�<^G'(*H(�45167

=�>
1?@A3B02167DEBuG'(*�N#

OA=45167R �����X����N����������1qr

�st<(R�S OA= �����g�������T OA= �����#�

����3WQ<(*�

_,-./01023_,-.`ab1!"6789

����

����

����

����

����

���� ���� ���� ���� ����

H
I
�
�
�
��

�

�
�
�
�
�
�
�

����� �!"#

$J %&'()*+,-./LM��

23)*453,-.

6789: ;<=>=?@ABC

�����

�����

�����

����	

�����

����


�����
 ����� ����� ����� �����

�
K
�
�
�
��

�

�
�
�
�
�
�
�

����� �!"#

$N %&'()*+,-./OP��

23)*453,-.

6789: ;<=>=?@ABC

�����

�����

�����

�����

�����

�����

�����
 ����� ����� ����� �����

�
K
�
�
�
��

�

�
�
�
�
�
�
�

����� �!"#

$Q G&'()*+,-./OP��

23)*453,-.

6789: ;<=>=?@ABC



―　5　―

T :;<(*023`ab167= � OA3 � OARC

?!167DEBF[�#N�T OA=C?!167:�

<^G'(*H(��NS OA=`ab16730216

7Rcdef��&'(R��T OA1�`ab167R

FG'(*�N# OA=45167R �����������N

�����S�����1qr�st<(R�S OA= �����T����

�3U<WQ<��T OA= ����Y#�����3Z<[WQ<

�02671 ��T O3^'(*�

�

R� ST�

l1��R��v��� :V��=��l1��

/0l1�:���>�����XS#�= �� �����

��XST�= �X �������XX��= �T �8��:<��

&��� �� � $iR��	
��*H(�/0l1

�1�Q��3<��������-� �:�v¡

¢�£¤���XX�¥¦§¨©ª§�«¬�§�����X�®¥¦§¨©ª§�«¬�§��

���X�¯¥°±�����S�²�³´µ¶·J3	
¸¹

º�»¼hD½¾¿À� :�<�+,-.:V��=

ÁÂ���XYY��kÃ���XS���£¤���XX������

��XX���ÄÅ�����X��_,-.:V��=���

��XX#��\1Æ # �:V��=ÁÂ���XYY��ÇÈÉ

���XXg��ÇÊ���XXg�:D'���	
��*�


�1ËÌ:D'��Í[1��� ²ÎÏ·=l1�

�1�ÐÑÒG�4ÓoÔEÕH
�`abotÖ×Ø

Ù<�·J:D'�=`ab�ÚÛÜ:6Ýv�3R

Þ�G:	
��*�

<G<�iß<(ËÌ1Í[=l1�1�à2²/0

áâ:ãH
·J1673`ab6731�äRåæ

�
�hE�02çèz1éêR{ë	
(ì=íî(

�^�*Â?@�=02çè1ïV3<��¸ðñÏR

òBkl�!1¸¹º678?@��3<(�ó��

�����*02KâoPQv!1��������� h

D½!"1678F[v:<(R'�p021¸¹º

67=F[^wx8ym(R�`ab1¸¹º67=

l1�1��3¸¹º1��:D'�WQô7:j8y

m(*C?!1¸¹º678F[v:<(R'�`a

b167RWQ<(1=+,-.�=������� 

hD½!"�_,-.�=�����3!"�&'(*

�
:�<��+,-.`ab1�67=C?!167

8F[<�BõÎ<^G'(*H(�_,-.`ab1

� 67=Þ�G:u[�+,-.1ö÷3kl[Û^

'(*�

PQ<(!1¸¹º67302hD½`ab1¸¹º

671�ä=¸¹º1��:D'�Û^'(*����

�=+,-.�_,-.3B02167DEB`ab1

67RÞ�G:F[�`abo=6Ý	
�ØÙv3

øù�
��
=kÃ���XS���£¤���XX�����

���XX#�1ËÌ3eú�&'(*`ab�1����

�6Ý:V��ûü+ýþ����¨����©¨��§����«©¨��ü

ý	�
����¬§������¨���§����-.��§��©��§�

�«©¬��«¨�=ÇÈÉ���XXg�:D'����-.

�
«©��¬©¨��¨¬�«§¬©¨�=�����XX#�:D'�ËÌ

	
�hE�l1��:h���b6ÝR�f²v�¸

¹º3øù�
*H(������=PQ<(!16

7R��Üu��Ï�+,-.�=!I!JK1 �N#

OA�_,-.= �N� OA��=`ab167=cde

f��st<(R�C?!1678��ÜF[<(�Ï

:`ab167RWQvwx8ym(*SN�T OA�

=+,-.`ab167=02671 � O$i�_,-

.�= T O$i:�v�ÏB&E�C?!1����

�67RF����=`ab�16Ý�RF[^3s

�v*�

� :V��=�PQ<(!1678F[v33B

:023+,-.`ab167RU<>VWQ<(*C

?!167R��Üu����B`ab167RWQv

��������1ö÷3Û^'(*?@ö÷:;<

(9 # �=`ab167R��Ü:WQ<��D�:

íùR�Â?@�=C?!167��8 � 1 !3<

��1�a"1`ab67=�#$�:%'�õÎ<

�hE�C?!167Ru�c&`ab671õÎRk

l�3�ù*�

!":V��=�C?!167R��Üu��Ï�+

,-.�=!I!JK1 �N# OA�_,-.= �N� O

A�:`ab167õÎ='	[�C?!167R��

ÜF����`ab167RWQvwx=�����

3eú�&'(*H(�_,-.1 �T OA�=`ab1

67R02167DEBF[^E�`ab�16ÝRs

�	
(*�
�1�3G��!"1()=�����

:�*v3øù�
*�

+,�=/0l1��1¸¹º67:V��-./0



―　6　―



―　7　―

½:��ö÷112:V��13<��(4�(ef[

5ÑÒ6³7819:;ï<:=[h>8?<i@*�

�

UVWX�

£¤´A×BCD`×ÇÈÉE`×FGH`×I�J`×

��KL��XX��çÉ/034M/0+,-.1ïN

O�3��Jãð1��^�½:02O�31�äP

C-QR #�S��T�YY�UYYgP�

V�WA������/Xl1��Y_Z[\������]7

^l1�]_�`� abc�������U��TP�

ÄÅÐd×Fefg×hi³j×klKL����X�»m

·n1� 167�n:�v{ëPC-ÎR

�TS�T����U��TP�

��KL×FGH`×I�J`×ÇÈÉE`×BCD`×

£¤´A��XX#�4M/0��-.hD½_,-.1

`abO�30231�ä�oïNO�3��Jð:

V��oPC-QR #�STT�#�XU#�#P�

��KL×pçqr×FGH`×stuvd`×£¤´

A×wxJyz��XST�-{��	1��Jã|ðP

C-QR ��S#T��g�U�ggP�

��}Ö×~���×�Å�$`×�ç�g×�Å�`×

���×s:Ö��XS#�-{l1�1¹º67:�v

å�¡¢P-�R �gSTT�g�#Ug#�P�

=��������g�-.��{����Î�� ���gP8

���CÂ-.������TYU##YP�

¦§¨©ª§�����������§�§�������«�§�§�������§�§��������§¬����

 ��� §¬������§�ª�¦§¨©�§�§�����S���X�®T�¦��«�§�

����¬���§¬«��¡�©�¬����¢�ª����«ª���§��©�����¬«�¬�

§�ª��§��©��¡�����¡�
«©��¬©¨��¨¬�«§¬©¨�¡�©�¬����

¢�ª�«¨��©¬��§¬«ª�����«ª�§�«�����«ª���¬��¨«¨§�«�

�©¨��¦©¨������̈ ��«��«�§�ª�¢��¬«���������Y�S�T�

��YU�����

¦§¨©ª§�����������§�§�������«�§�§�������§�§������� §¬���

��� §�ª� ¦§¨©�§�§�� ��� S���X� ¯T� £©¬��§¬���� �¡�

¨««��©�U����� �«©��¬©¨� �¨¬�«§¬©¨� ��� �«ª�§�

���¬§������ ¨«¨§�«� �©¨�� ¤�©��§� �¡� ¬�«� ¡��«¨¬�

¢���§¨¨�©¬���§¬����¨���«¬��#S�T�T�UTg��

�

ÁÂ¥¦×Ê:§¨×9�©�×ªÂ���XYY�«¬

1®¯:D°±1¸¹º�������²��³��

ØÙ3+,-.×üý	1¸¹º��P°?¡Ë �XS�

�U�YP�

»°!Y�����Y�� ´µ�¶·µ¶¸¹o1�ºP

�¬¬�»�������§¡¡����¼��¼�¨��©§��¨«�¨§�©���¨�½§�§

�¨�¨�������¬���§�§�ª½��«���¬�����Y��¾� ¿c

��P�

kÃÀA×kÁ¥×l:ÂÃÄ��XS��+,-.:hÅ

�����6ÝÀ3\1Î�Æ:V��P-�R

��SgT��#gU�g�P�

��Çd×'°È×ÉÊËÌL��XX��ÍÌI:hÅ

l1�1¾¿ÀÎ+��673ÑÒG�1tÖ�Ï �

Ë�PI�¡Ë #���gU�XP�

ÇÈÉE`×£¤´A×BCD`×:nf`×FGH`×

��KL��XXg�4M/0ûü+ýþ×üý	×�

�-.1ïNO�3��Jãð^�½:02O�31

�äPC-QR #�SYT�#Y�U#YYP�

ÇÊÐ`×�ÁD×ÑÒÓÔ��XXg���-.14M0

2:Õ{<(Ö4×Ø\Ù ¾Úc�1`ab:D

��PC°R YYS#T��g�U�gYP�

�ÁD��XXX��c�Û8ÜO�3v02:hÅ�

�-.`ab1Ý�:Þdv�ß��1PQà÷PC

Âº{l1���R YS�T�TgUTXP�

Åá5»Yâãä����Y��´µ��å<Hæyç�

�¬¬�»��������¨���§�«���������Y��¾� ¿c��P�

°±èÃ×éÉ²êë×ìíÈ`����S�+,-.×�

�-.×_,-./002oPQ<(�-�  ¯�îï

î1`ab,�-�  ¯�ã|ðo1éêPCÂl1�

��R �TS�T���U�gP�

ó�´g×'iðñ×9:;ï������+,-./0{

02oPQv!1¸¹ºò167R`abo1¸¹

ºò1ØÙ:ÞdvéêPó°º{¡¢ ��S�T��

�gU����

0+-{l1��4��l1�/06ô+õö��÷ø

ù�������/Xl1��Y_Z[\��/0×�4

úÄ�P0+-{l1��4��P�

�

 

 



―　8　―

 

Effect of Heavy Metals Concentrations of Water Used for Preparing Medium 

of Lentinula edodes and Grifola frondosa on Food Safety 

TOMIKAWA Yasuyuki and SONOYAMA Masayuki* 

 

ABSTRACT

Shiitake (Lentinula edodes (Berk.) Pegler) and Maitake (Grifola frondosa (Dicks.) Gray) mushrooms were cultivated using 

sawdust medium containing test water to which were Cd Pb As and Hg added at higher concentration than in drinking water 

standard. The concentrations of the each heavy metal in test water were adjusted to be 1, 2, 4, 8 and 16 times higher than that of 

drinking water standard and then the concentrations of each metal in the fruit bodies were analyzed. As a result, the 

concentrations of Cd, Hg in the Shiitake and Maitake fruit bodies, and also As contained in Shiitake fruit bodies tended to be 

higher with increase in the concentration of the each metal in test water. It was suggested that Cd were concentrated in fruit 

bodies due to the concentrations of Cd in fruit bodies were higher than concentrations of medium. The concentrations of Cd and 

Hg in Shiitake fruit bodies slightly changed only at test water of concentrations in 1-4 times as much as that of drinking water 

standard, and yet remarkably increased at concentration of 8 and 16 times, and Maitake fruit bodies had also the similar tendency. 

For that reason, the concentrations of Cd in Shiitake and Maitake fruit bodies reached to 3 and 6 times or more as much as 

medium, respectively, at test water of Cd concentrations 8 or 16 times as much as drinking water standard. However, the 

concentrations of As in Shiitake fruit bodies increased at a constant rate from test water of 1 times as much as that of drinking 

water standard to 16 times, that transition differed from Cd and Hg. Based on these results, it was considered that the standard of 

water used for cultivation of mushrooms should be examined that reference the such as international food safety standards about 

concentrations of Cd in particular. 

Keywords : shiitake mushroom, maitake mushroom, heavy metal concentration, drinking water standard, food safety 


